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For
Cynthia Irwin-Williams

1936-1990

She created the project with vision.
She nurtured it when there was no funding.

She provided inspiration for its completion even after she was gone.



(Wilderness experience near Ely, Nevada.written May 29, Memorial Day, on my return to Reno) 
COMING HOME FROM THE FIELD
What a Joyous Time - What a Rapture this has been.
In the physical reality - I am very lame and sore - my broken legs are swollen and painful; I am tired and 
sunburned; my eyes are puffed and windblown, and dusty and sticky with dust and tiny bits o f cowdung.
And None of this is important at all! For there is another Reality.

I have been in these last three days overwhelmed 
With a Renewing, a Rebirthing of 
The experience of Being, in the Field,
In the Wilderness, on the Quest To Explore and to Unlock 
The Secrets of the Past 

The pure excitement of my Craft,
With its clarity of Purpose 
Its mysteries, its hopes and dreams 
The always novel and intriguing 
Quest for the Unknown.

The sheer unbroken Beauty of this Upland Wilderness
With its own enormous, yet intimate, all encompassing Quality 
Which Both overwhelms, and yet enlarges 
The Individual Participant
In its Oneness, with the Cosmos and the Creator.

The incomparable joys of Comradeship
Of old friends and special trust,
Sharing hopes and hardships; bad jokes and old stories;
Half cooked camp-food, in a cold wind full o f stinging sand,
The clasp of a shoulder, a helping hand 
Chores and hardships gladly shared.
Absurd and joyous, unselfconscious Fun
Like lying for hours in the cold darkness
On the bottom of a dr)' cattle tank, the only windbreak
With little eddies o f dust and bits o f cowdung swirling past us,
Telling the old stories, singing the old songs.
What a Joy! What a Joy!

This is part of My Song of Life
It has always been so, but now,
With the Experience and Enrichment, and Wisdom 
Of the last few years
Of Growth, Depth and Breadth of emotions,
The strength of fiber and clarity of Life 
Which comes as much from pain and suffering 
As from pleasure and triumph.

All o f this has made for a prolonged Rapture
A quality of Joy, and a chorus of Gratitude
WTich is unique, perhaps, to these moments of my Life;
So much more glorious than the superficial, febrile and uncertain Professional triumphs of my past.What a Wonder!
That I have been given this chance
To know the full glory of this Human Experience
All my gratitude to You, Lord, for granting me these days
Of being fully alive, and in tune and harmonv
With Your Creation.

Freude, schoner, Gotterfunken Tochter aus Elysium (Oh Joy, Joy, Gift of God
Daughter of the Heavens) (Schiller/Beethoven)
Cynthia Irwin-Williams 
May 29, 1989
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PREFACE
This volume detailing the research by Cynthia Irwin-Williams and her Rio Puerco Valley Project staff has survived a long and arduous history since plans were first developed in the mid- 1980s to prepare a manuscript on the prehistory of the middle Rio Puerco Valley. Even since the end of the original project at Eastern New Mexico University in 1981, all those directly involved as well as those professionals and friends who had interest in the work hoped a publication would 

finally be brought to completion. At the point when the potential seemed within reach, it was 
snatched away by Cynthia’s untimely death. Just over a year later, a report was submitted to and accepted by the Bureau of Land Management in fulfillment of permit obligations for the research 
conducted by the Rio Puerco Valley Project. In order to offer a perspective from that period in time, the Preface of that report is included herein in its entirety.

At the time of Cynthia Irwin-Williams’ death in June, 1990 negotiations were underway 
to continue the final phase of manuscript preparation for the Rio Puerco Valley Project. Cynthia 
had been in communication with LouAnn Jacobson and John Roney of the Bureau o f Land 
Management as well as John Montgomery o f Eastern New Mexico University regarding 
contractual obligations for the undertaking termed the Rio Puerco Completion Project. The final 
plans and level of commitment from herself and other principal authors were being determined in 
order to bring the report to fruition.

Several days prior to her death, Cynthia and I discussed the project, respective 
requirements for manuscript completion, and how authors might participate, given the constraints 
of scheduling and distances. At that time, we made personal and professional agreements with 
regard to report completion and how it might best be achieved. One of the most complementary 
propositions offered to me by Cynthia was that we should share the editorial responsibility of the 
report. Needless to say, I was honored and delighted to share in the endeavor. I had no idea that 
in only a few days, the task of administering the project and editing the manuscript would fall 
solely to me. I could have never accomplished the undertaking without the complete support and 
commitment, as well as the insights, assistance, and suggestions of the co-authors of the report. 1 
hope that I have fulfilled, at least in part, the responsibility entrusted to me by Cynthia and my 
Puerco colleagues. However, without Cynthia’s direct input during this time, it was inevitable that 
her overall editorial perspective is lacking. In addition, select portions o f the manuscript were 
unfinished. Of particular note, is Chapter 10. Designed to be a synthetic discussion by Cynthia, it 
was never completed for this report. No attempt was made to develop the chapter. However, it is 
the intention of the principal co-authors to prepare a synthetic chapter in the future that will discuss 
the data presented in relation to the theoretical model (Baker 1991).
This manuscript could have remained as an agency report, hidden in the “grey literature” for only a few to seek it out and recognize its worth, e.g. the noteworthy attention by R. Gwinn Vivian (1990). Promises, professionalism, and perseverance withstanding the test of time, the information presented in this publication is the embodiment of the 1991 report with some significant changes. A tremendous amount of research on the eastern Anasazi has been published since the 1991 report was written. With the exceptions noted below, the individual chapters have not been rewritten to consider the most recent literature. An attempt has been made to refine the original work, correct some errors, update some of the information and data, and prepare Chapter 10, the final synthetic chapter. Chapter 9 was extensively rewritten and, in this chapter, we have attempted to place the prehistory of the middle Rio Puerco region in a modem context. It is the sincere hope of the editors that this work will honor the Principal Investigator, Cynthia Irwin-Williams, and future archaeologists will use its contents to further research on the prehistory of the northern Southwest.

Larry L. Baker Stephen R. Durand
• • • 
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CHAPTER 1
INTRODUCTION: OVERVIEW AND THEORETICAL FRAMEWORK

by
Cynthia Irwin-Williams

Research on the middle Rio Puerco of the East in New Mexico between 1970 and 1981 
was organized around and oriented toward testing the predictions of a central explanatory model of long-term change within prehistoric Anasazi culture. Anasazi Pueblo society through time is seen as representative of a dynamic system of adaptation to specific short term and cumulative 
long term climatic stress and to repeated population-environmental imbalances. Change is seen primarily as 1) a product of external climatic-environmental stress and/or 2) internal pressures generated by slow irregular population growth. Other significant though secondary sources of 
local/regional change include 3) demographic movement, 4) the interaction of population units with each other through socio-economic exchange networks, and 5) the impact of the documented intrusion of more complexly organized social units into less complex indigenous populations. In this framework, subsistence technology acts as the principal medium through which a population interfaces with its environment. The specific characteristics of that technology define the functional potentials and constraints of the effective environment, and likewise the potentials, constraints, and demographic structural requirements for the resident 
population.

From a pan-Anasazi perspective, overall Pueblo cross-temporal trajectory can be characterized in terms of three adaptive-demographic-organizational states or adaptive forms, 
here termed dispersed, aggregated and nucleated, and by three processes, dispersal, aggregation, and nucleation. Each state or adaptive form is defined in terms of three essential dimensions: 1) demographic structure, 2) subsistence technology, and 3) essential socio-economic organization.

The significance of these concepts to Pueblo archaeology is that they relate to conditions, 
patterns, and processes rather than to the rigidly ordered, even quasi-evolutionary, sequence of events which has guided Pueblo archaeology since the 1920s. This approach avoids the unnecessary but common confusion, for example, as to whether the Pueblo II - Pueblo III dichotomy relates to time units or to degree of village aggregation and architectural development and as to whether, for example, the Chaco phenomenon should be considered Pueblo II with a slight overlap into Pueblo III, because of its temporal placement, or whether it represents a precocious Pueblo III because of its architecture. Finally, this approach permits consideration of the historic pueblos in the same model as the prehistoric Anasazi. With this overall theoretical framework, it is possible to outline in brief narrative form the characteristics of the principal states and processes which have characterized the Anasazi dynamic system.

The dispersed state is recognizable from at least A.D. 700 to 800 in most areas. It may have its origins in an extended family socio-economic organization in the late Archaic, but it certainly forms the essential basic component for all higher-order pueblo organization. Characteristically, the population units in this dispersed state are small, represented architecturally by "Prudden unit" complexes, usually 3-15 rooms in size, with one or a few subterranean ceremonial chambers. At least in terms of subsistence, these population units are economically semi-independent. They are dispersed over the landscape so as to take maximum advantage of and minimize distance to very localized opportunities for small scale akchin (run-off) agriculture. If these groups engage in water run-off management, they may employ techniques involving an understanding of geology and hydrology, but not requiring the integration of population units into a single socio-economic system or involving intense community interaction. Locally this dispersed population may be weakly organized into



supra-unit systems by integrated mechanisms such as Great Kivas. They may also be organized regionally in social-ideologic interaction spheres and/or economic trade networks, such as that centered in Chaco Canyon. Although this dispersed organizational form is often considered 
"typical" of the Pueblo II period, it is emphatically not a temporal or sequential phenomenon. It is the simplest, most durable state of the total Anasazi system. More importantly, it is the most 
flexible and adaptive in meeting economic and social requirements. In any model of systemic 
growth, it can be predicted that in the evolution of larger and more complex systems, these smaller components will continue to be more flexible and less easily disrupted than the derivative 
larger structures.

Seen in terms of Southwestern prehistory, the dispersed condition may occupy the position o parent state, and all subsequent positions to derive from it. In this light, disruption of the derivative more complex forms by climatic, population, or other stress factors produces the potential reaction of returning the system to the earlier, simpler, more flexible, parent dispersed form. At the same time, the structure of a mature more complex system is at least partly determined by the character of this parent-seen in Anasazi prehistory in the architecturally recognizable survival of residential units reflecting the older simpler organization.
The aggregated state evolves out of the dispersed condition. Within this process there is evidently a range of possibilities, so that the threshold between the two states may not be easily definable. Instead, the process may well involve a series of sequential or alternative forms. In the simplest of these, termed aggregated-clustered, a substantial number of separate residential units are clustered around a single, shared, subsistence resource, such as agricultural land.Slightly more complex is the aggregated-contiguous form which results from the simple physical contiguity of a number of the still identifiable residential population units. The most complex and best integrated form, termed aggregated-planned, involves construction of multi-residence communities with some prior planning for the form and location of all or many of the residential 

units.
Minimally, the process of aggregation simply involves increased concentration of the 

previously dispersed small population units. Continued association of larger social groups requires the evolution of newer explicitly innovative devices. Ethnographically, these include such things as cross-cutting clans, society kiva groups, councils, unified community leadership, and an increasing number of shared responsibilities and concerns related to socio-economic spatial planning and maintenance. Some of these mechanisms are archaeologically visible (Rohn 1971; Graves 1983). For example, in eastern Arizona, (Longacre 1970) has suggested that the decrease in number of kivas with time reflects the process of shift from residential unit to community-related ceremonial organization. Aggregated-clustered examples are common in the northern Southwest. Aggregated-contiguous, cases where the component group units are still architecturally visible, include Mug House at Mesa Verde (Rohn 1971) and, to some extent, the secondary Mesa Verdean component at Salmon Ruins (Irwin-Williams and Shelley 1980). More complex forms include the numerous "classic" Pueblo III sites of northern Arizona, northern New Mexico-southern Colorado, and, ultimately, the very large, very complex integrated Pueblo IV and V towns.
Economically, the aggregated state is characterized by community-level land and water management and some community exchange. The population is fairly densely concentrated in settlements located near major agricultural resource areas capable of supporting significant numbers of individuals. With increasing focus on domestic plants and less emphasis on wild plants, the agricultural focus is increasingly intensive, and the subsistence niche width narrows. Local and regional resources are exploited mainly by temporary forays from the settlement in
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spite of the distance inefficiencies involved. Examples include the "summer farm houses" or 
"field houses" surrounding the central settlements during later Pueblo prehistory.

Changes in significant variables which can bring about a shift from the dispersed to the 
aggregated form include, but are not limited to: 1) population growth with only limited outmigration, resulting in increased regional packing; 2) environmental deterioration (e.g., decreased effective moisture or erosional degradation), which decreases the quantity of available arable land; and 3) acquisition of improved technology,which increases localized productivity 
potential.

As with any evolving complex system, the aggregated state includes increasing numbers 
of newly differentiated institutions. These are more easily disrupted than the component residential units. Pueblo society in this condition is more complex but less flexible, and excessive stress may seriously disrupt it. This may result in a return to the simpler dispersed form and/or at least cause massive demographic dislocation, e.g., the abandonment of northern 
Southwest in the late thirteenth century.

The transformation from the aggregated to the nucleated state occurs only under narrow 
well-defined circumstances. The most important of these is the presence of geographically circumscribed, high-potential arable land. This does not necessarily connote the best soil or the 
best natural vegetation (Schelberg 1982). Rather it implies the existence of localized uniform arable land with high potential for substantial improvement through coordinated large-scale water harvesting, water management, and intensive cultivation. Exploitation of this potential results in locally increased productivity and population support, at the price of increased labor subsidies. This will occur 1) where there is local population growth and/or environmental deterioration, 2) where the potential for expansion of small scale run-off agriculture is limited, and 3) where the opportunities for demographically significant outmigration are limited and would serve only as a last resort. The nucleated state is uniquely represented by the Chacoan 
culture.

Dependence on rigid technologic control of a high-potential localized environment 
through large-scale labor-intensive agriculture has numerous implications. At base, it requires a maximum degree of social, economic, and ideologic control of the human population involved (e.g., Sanders and Webster 1978). This will result in a dramatic growth in size and complexity of the cultural system. Predictably, this includes an abrupt increase in the internal integrated centralization or nucleation of all elements around a dominant socio-economic core of institutions, elite personnel, and esoteric knowledge. Higher order systems of this kind, while immediately adaptive, lack flexibility and are more easily disrupted than either the aggregated or dispersed forms. Serious disruption is probable if the core elements are dislocated, particularly in the local intensive agricultural base. In conditions of great stress, total disruption may occur, and a reversal to a simpler state may take place. This occurred most prominently in the twelfth century, when both long- and short-term climatic deterioration evidently led to the total disruption of the Chacoan cultural phenomenon.

In brief, three systemic states or adaptive forms are defined which reflect a range of conditions experienced by the Pueblo dynamic system through the last 1,200 to 1,300 years.These states should be understood as alternatives, where probability of occurrence depends on the existence of specific conditions, such as local environmental-climatic stress or regional population growth. The overall system trajectory, or movement, is seen as oriented toward increasing complexity and aggregation and, rarely, toward nucleation,. As a result of inappropriate local environmental conditions, specific transformational processes may not occur.
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Alternatively, under certain conditions where adaptation or homeostatic adjustment fails and 
systemic dislocation occurs, the process may be reversed.

In this light, aggregation, nucleation, and dispersal can be seen as the dynamic processes 
which result in the development of the relevant system states or adaptive forms. Immediate explanation of these processes and the overall dynamic trajectory may be found 1) in the immediate impact of short-term climatic deterioration and long-term cumulative environmental degradation in the northern Southwest between about A.D. 600 to 800 and 1300 and 2) in the operation of continued, though irregular, dynamic population increases through the same time period. Aggregation and nucleation impart forward movement along the existing trajectory. Conversely, a dispersal represents an adaptive failure of a more complex state and return to a simpler organization. In the archaeological record of the northern Southwest in general, these processes are initiated by probably/possibly a cultural reaction to the stress of the repeated environmental-population imbalances in this arid region.

To test this model, it is necessary first to demonstrate the validity of these systemic states or adaptive forms in the archaeological record. Second, for the model to have explanatory value, it is essential to document the sources of culture change which set in motion the processes identified and which can be used to predict the occurrence of the specific adaptive forms recognized. It is these test requirements that are the basis of the field and analytic research described below. Accordingly, each chapter relates to these requirements.
Chapter 1 presents the research orientation. Chapter 2 provides an overview and 

historical summary of the research activities. Chapter 3, Geology and Geomorphology of the Middle Rio Puerco Valley, and Chapter 4, Environment of the Middle Rio Puerco Valley, present the database on the geomorphologic, climatic, and environmental changes which are hypothesized as primary factors in long-term Anasazi adaptive change. In addition, these chapters consider in detail the Landform-Environment Classification which was developed to model the structure of the regional environment and which provides the framework for the studies of changing prehistoric adaptive land use and demographic structure.
Chapter 5 reviews ceramic evidence for the cultural affiliations of the Puerco population and also for interregional exchange patterns. The detailed ceramic analysis also provides the basis for the seriation studies which yield the fine-meshed temporal framework essential to locational and demographic studies. Chapter 6 details the techniques employed in the seriation. Chapter 7 presents evidence on prehistoric lithic resource exploitation in the Rio Puerco Valley. Chapter 8 provides basic data on shifting Anasazi site location in relation to the essential regional landform-environmental structure identified in Chapter 4. The patterns identified here are directly relevant to testing the predictions of the model concerning the nature of subsistence adaptation interacting with population growth and environmental change. Chapter 9 details regional spatial organization of Anasazi settlements and degree of population 

aggregation-dispersion. This information is directly relevant 1) to testing the significance of population growth as a source of change, 2) to identifying the existence of the organizational forms proposed in the model, and 3) to documenting the interaction of environmental change and demographic-organizational structure through time.
Finally, Chapter 10 is a synopsis of the climatic-environmental, demographic, and locational data in terms of their relevance to the central model. In addition, the evidence from the middle Rio Puerco is considered in relation to both culture-historical developments and existing conceptual structures elsewhere in the Anasazi area. Particular attention is focused on the function of the Rio Puerco region within the larger Chacoan sphere of influence.
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CHAPTER 2
HISTORY OF THE RIO PUERCO VALLEY PROJECT

by
Larry L. Baker

The Rio Puerco Valley Project (RPVP) developed and flourished over an eleven-year period between 1970 and 1981. During that time, empirical research focused on a detailed understanding of the Anasazi prehistory in the middle Rio Puerco Valley of the East (Durand 1988) in northwestern New Mexico (Figure 2.1). The RPVP research culminated in the collection of a vast amount of field data and the concurrent generation of an incredible analytical 
database. The project waxed and waned during a period of relative fluorescence in North American archaeology possibly unequaled in either the past or present. Although probably less 
well known than its sister project which conducted excavations at the Salmon Ruins, the RPVP developed concurrently and ranks in comparative scope with some of the largest archaeological programs conceived in the Southwest during that time. The following section of the report details the development and expansion of the Rio Puerco Valley Project and summarizes its overall history in terms of field work and laboratory analysis.

Development of Research Strategies and Summary of Field Work
The Rio Puerco Valley Project was created in 1970 by Cynthia Irwin-Williams and was an outgrowth of a previous project under her direction, the Anasazi Origins Project. The focus of 

the Anasazi Origins Project was to understand the roots and complex relationships of the development of sedentism. Investigations were undertaken in the Arroyo Cuervo region of northwestern New Mexico to define a cultural sequence of preceramic development and examine it from its earliest stages up through the first recognizable aspects of Anasazi culture (Irwin-Williams 1973). In examining this sequence which leads up to the introduction of agriculture and the adaptation of sedentary village life, specific patterns in settlement location were recognized and seemed to be related, at least in part, to the reaction of indigenous populations to aspects of environmental stress. The Rio Puerco Valley Project was created as a direct result of questions raised with regard to settlement pattern and changes through time.
The principal area of study for the RPVP was centered west of the Arroyo Cuervo Drainage in the middle Rio Puerco Valley located approximately 45 miles northwest of Albuquerque, New Mexico (Figure 2.2). A general description of the limits of the study area is: T. 16N/15N - T. 13N/12N, R. 4W/3W - R. 2W/1W, NMPM, Sandoval County, New Mexico. Even though it is relatively close to a major urban center, the middle Rio Puerco Valley has remained a relatively isolated and remote area due to its rugged topography. The area is dissected by deep canyons and entrenched arroyos and it is dominated by massive intrusive volcanic landforms. The volcanic landforms surround the valley and serve as physiographic barriers. A detailed discussion of the geology and physiography of the area appears in Chapter 3.
RPVP investigations focused on examining the prehistoric Anasazi population which occupied the middle Rio Puerco Valley from ca. A.D. 600 to 1,300. As initially conceived and funded by the National Geographic Society, the research was aimed at demonstrating and analyzing the intrusion of population elements from the more advanced and complex cultural centers located in Chaco Canyon into the relatively simpler, dispersed rural Pueblo population indigenous to the area. The original research design was centered on “1) analyzing the nature and extent of the intrusive population; and 2) examining the broad spectrum of relations between local and non-local population elements” (Irwin-Williams 1974b:20). By the end of the pilot



Figure 2.1. Location of the middle Rio Puerco Valley in northwestern New Mexico.
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Figure 2.2. Middle Rio Puerco Valley showing the survey area and major topographic 
and hydrological features. The high mesa to the east is Mesa Prieta and the upland to 
the west is Mesa Chivato. The map is oriented on the UTM grid system and is extracted 
from the 1:250,000 scale, USGS Albuquerque quadrangle. The southwest corner of the 
map is located at 293000E, 3907000N, Zone 13, in the UTM coordinate system.
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phase of the project in 1970 and 1971, it was apparent that the region had a much greater 
potential for the study of man-environment relationships than had been originally anticipated.
The principal factors of this potential were:

1) a very large number (ca. A.D. 600) of prehistoric Pueblo Indian settlements, ranging in size 
from farm or field houses and single-family dwellings to villages and towns; 2) excellent 
preservation of architecture, so that data on the number and size of rooms is usually available; 3) 
relatively short-term occupation at most localities, so that surface evidence is more representative 
than that on long-term sites; 4) the existence of complete, well-preserved fossil pollen in these 
sediments and in archaeological context so as to permit the reconstruction of vegetation change 
through time; and 5) the existence of the land surface undisturbed since about A.D. 1,300, so that 
the effects of ancient farming activities (field pattern, water-control devices, etc.) are still 
detectable (Irwin-Williams 1974b:20).

Although these man-environment relations were largely outside the area of interest of the principal funding institution, the National Geographic Society was amenable to supporting additional data collection and limited investigation along these lines of inquiry. Accordingly, the research design was expanded in accordance with the perceived potential of the area and plans were made for future demographic and spatial/locational studies.
As the expanded research design developed, more emphasis was placed on understanding the broader cultural growth and development of the prehistoric Anasazi populations, particularly in terms of settlement pattern and its relationship to environmental adaptation. The long range research goals were expanded as follows:
1) to investigate the large-scale relationship between site location and specific natural and cultural 
resources; 2) to evaluate the effects of environmental stress on human population size and 
distribution (clustering and density); 3) to determine the effects o f natural lines of communication 
boundaries and barriers on the clustering of human population; 4) to establish the relation between 
site size and site density; 5) to ascertain the degree to which distance dictates the interaction of  
human population; 6) to investigate the development and character of interaction networks 
between sites; 7) to determine the specific relationships existing between the intrusive Chaco units 
and the indigenous population; and 8) to examine the development of water control devices and 
their effects on the environment (Irwin-Williams 1977a:2).
While conducting archaeological research on the prehistoric Puebloan occupation, increased interest and awareness developed with regard to the historic occupation in the middle Puerco Valley. During the nineteenth century Spanish-American families, who trace their ancestry back to the original conquest of New Mexico by Spain in the sixteenth and seventeenth centuries, settled in a series of small agricultural villages in the area. Although initially productive, these settlements came under environmental stress similar to those in prehistoric times. Despite intensive efforts by the Spanish-American settlers to develop adaptive strategies to the various stresses, the settlements were abandoned one by one and all the villages were essentially ghost towns by 1950 (Irwin-Williams 1974a).
The potential for comparative studies between the prehistoric and historic occupations is obvious. Preliminary investigations for such a comparative approach indicated sufficient data was available for the study and, as a result, the long-term goals of the project were further expanded to include the historic data. In brief, the overall research problem became focused on making a controlled comparison of prehistoric Pueblo and Spanish-American populations in
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terms of their adaptive responses in the same physical locale to similar environmental stress 
(Irwin-Williams 1974a).

From 1970 to 1974, archaeological investigations conducted by the Rio Puerco Valley 
Project were sponsored by National Geographic Society and Eastern New Mexico University. To 
a great degree, the original primary objectives of the project were attained (Irwin-williams 1974b; 
Pippin 1974; Irwin-Williams and Pippin 1979). A detailed study of the principal excavated site, Guadalupe Ruin, and the Chaco presence on the Puerco were the subject of a doctoral 
dissertation by L.C. Pippin (1987).

In 1975, funding was received from the National Institute of Health (Grant No. 1. R01 HD 09417-01) to develop research on the expanded objectives for comparing Puebloan and 
Spanish-American populations in the middle Rio Puerco Valley. Comparative studies continued from 1976 to 1981 with the support of Eastern New Mexico University and private endowments. The final work toward these long-range goals has yet to be realized, however, a detailed analysis 
of the Puebloan occupation has been completed and is the focus of this report. Funds for this report were provided by the Department of the Interior/Bureau of Land Management, the Desert Research Institute of Reno, Nevada, and Eastern New Mexico University.
Sampling Design

Previous work in the middle Rio Puerco Valley had been limited (Davis and Winkler 1959; Keur 1941; Mera 1935), and no comprehensive surveys had been conducted within the principal research area. Due to lack of survey information in the valley, initial sampling strategies were organized toward providing an unbiased cross section of site types and their respective localities.
The original site survey was structured to provide a random sample of Anasazi sites within the study area. The sampling universe was structured on the basis of a one-quarter square mile grid superimposed over most of the research area. So that each quarter square-mile had an equal chance for selection, each quarter square mile grid was given a separate index number and random sample selection was based on this unit. A 10 percent unstratified random sample from the entire area constituted the sampling fraction.
During the implementation of the sampling design in 1970, it became readily apparent that an unstratified sample of the entire study area would not provide an adequate cross section of the prehistoric Puebloan occupation in the valley. As expected, Pueblo sites were located and surveyed within most of the designated areas selected in the sample. Some areas were completely devoid of sites, while known sites and concentrations of clear importance were sometimes not included in the sample. Furthermore, many of the areas known to have a high site density looked very similar to those having few or no sites. Complex locational factors were clearly involved in terms of the selection of one drainage over another for site location, and the original sample appeared inadequate to the task of addressing this complexity.
In re-examining the sampling design, several stratification schemes were discussed which would partially solve the obvious problems of the unstratified sample selection, e.g., a sample stratified along the major streams and tributaries of the valley. A sample stratified in this manner would restrict sample selection to those areas more favorable for Puebloan site location, as related to agriculture. Due to the fact that some of these localities which seemed quite adequate were lacking in sites, some aspects of the sampling problem still remained. Interest in understanding locational variables, as related to environmental adaptation in the middle Rio
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Puerco Valley and frustrations in obtaining a truly representative sample of the Puebloan occupation fostered the decision to abandon sampling altogether in favor of a comprehensive (ideally 100 percent) survey of the entire valley. It was thought that only by such a comprehensive survey strategy could the complexities of site location and environmental 
adaptation be fully understood.
Survey Strategies

Between 1972 and 1978, a full scale program of site survey was undertaken over the 
entire study area. Survey methods included locational and intensive surveys. Sites of all morphological types and cultural affiliations were recorded.
Locational Survey

Locational survey strategies were organized to locate sites and provide limited information on cultural affiliation, morphological and functional type, and site environment. An attempt was made to complete the locational survey over 100 percent of the study area. For all practical purposes, this was achieved; however, restrictions were imposed in some areas which 
were privately owned and others which were under tribal jurisdiction. In addition, it is inevitable that in attempting a comprehensive survey some sites will be overlooked and subsequently not recorded due to the nature of the site, e.g. post-occupational burial or low site profile.

The area under study was divided into several subareas on the basis of natural boundaries. /'.e., drainages, canyons, floodplains, mesa tops, etc. These areas were rigorously transected on foot in order to maximize site locational data. A total of 1,232 single and multicomponent sites were defined; they encompassed a variety of site types and the entire range of cultural affiliations. Cultural affiliations include Paleoindian, Archaic, Basketmaker, Pueblo, Navajo, 
and Spanish.
Intensive Survey

A program of intensive site survey was organized and operated simultaneously with the locational survey. The intensive survey, designed to provide detailed information at the site level included, cultural affiliation, site morphology and function, inventory and descriptive data on artifact assemblages, general site mapping, limited provenienced and mapped artifact collection, and landform-environment classification as related to site location. Due to the orientation of the RPVP research, priority was generally given to the recording of Puebloan and Basketmaker sites, 
however, Archaic, Navajo and Historic sites were intensively surveyed whenever possible given the limits of time, funding, and personnel.
Test Excavations

Test excavations were conducted in 100 Puebloan and Basketmaker sites; however, some historic sites were tested by Charles M. Haecker (1976) for completion of his M.A. Thesis. The emphasis and orientation of the testing program was to two fold. First, it would permit the construction of a detailed local chronology based on the analysis of ceramics recovered from consecutive subsurface depositional units. Second, it would provide a comparison to determine the accuracy and validity of surface data (Irwin-Williams 1974b).
Sites of every major period from Basketmaker III to Pueblo III were included in the testing program. Of course, the potential of any one site to yield in situ stratigraphic units was a
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limiting factor in choosing sites to be tested. Excavational data was recorded in the format 
developed for the San Juan Valley Archaeological Project (Irwin-Williams and Shelley 1980) 
and adopted for use by the RPVP.

Test trenches (1 x 2m) were located primarily in trash deposits in order to obtain a usable ceramic sample from the sites. In some instances, test trenches were expanded beyond the 1 x 2 meter trenches in order to assure sufficient sample sizes for detailed analysis. Testing within the trash areas has proved to be an effective method for developing a representative local chronology 
(a point which will be discussed later with regard to the ceramic seriation). Test trenches were also placed within structures of three sites in an attempt to assess the utility of such trenches for 
1) increasing type and variety within the tested ceramic sample, 2) expanding information 
relating to architectural growth as an aid in the estimation of population size and for possible comparison with architectural studies being conducted on small Puebloan sites by the National Park Service in Chaco Canyon (McKenna and Truell 1986), and 3) providing a greater potential for collecting samples to be used for absolute dating (archaeomagnetic samples from possible hearths or burned floors, l4C or dendrochronologic samples from possible roof fall, etc.). Unfortunately, these initial, exploratory trenches proved to be essentially sterile (Irwin-Williams
1978).
Site Excavations

Excavations beyond limited testing were undertaken at only two sites during the course of the RPVP. Fundamentally, these excavations were designed to address questions raised regarding the Chacoan presence in the middle Rio Puerco Valley. The following discussion summarizes excavations at Guadalupe and Eleanor Ruin.
Guadalupe Ruin (LA 2757, ENM 838)

Major excavation was conducted at Guadalupe Ruin from 1973 to 1975. The excavation and subsequent analysis of the site was the focus of a doctoral dissertation undertaken by Lonnie 
C. Pippin (1979) at Washington State University. A revised version of Pippin’s dissertation was published by the University of Utah Press in 1987. The primary research objective was to understand “the origin, organization and function of Guadalupe Ruin as a prehistoric community” (Pippin 1987:3). These goals coincided to a greater degree with those of the original RPVP research design.

Approximately 40 percent of the site was excavated. Excavation revealed that Guadalupe Ruin was a single-story, 50-room masonry pueblo which had been occupied by “two dissimilar cultural groups” (Pippin 1987:174). The initial occupation (A.D. 960-1200) was organized as a 
“nucleated community” (Irwin-Williams 1981). The architecture displays characteristics similar to the distinctive architectural forms found in Chaco Canyon, New Mexico.

Guadalupe Ruin was occupied contemporaneously with sites in the immediate area. The major occupation of the sites (ca. A.D. 900) at the base of the mesa on which Guadalupe is located does predate the construction dates for Guadalupe Ruin (ca. A.D. 960), however, occupation is concurrent throughout the remainder of the Pueblo II Period. As indicated by Pippin (1987), the majority of these sites in the area are quite different in planning and architecture than the Chacoan community at Guadalupe; however, the ceramics from the surrounding settlement are typologically similar to the Chacoan wares. Overall, the material culture of the Chacoan “town” is similar to that of the indigenous rural populations and Pippin
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(1987:193-194) concludes that the occupants of the Chacoan outliers were probably local 
inhabitants rather than dislocated peoples from Chaco Canyon.

The site was completely or partially abandoned and extensively reoccupied in the late 
thirteenth century possibly by San Juan-Mesa Verde Anasazi migrants (Pippin 1987). Extensive modifications were undertaken at the site during the secondary occupation including: subdivisions of existing rooms, construction of smaller rooms and jacal walls, and the addition of “San Juan” style kivas. Additional ceramic evidence in this report agrees with Pippin's interpretation (1987:195) that the reoccupation at the site may have been by inhabitants with cultural ties in the San Juan River - Mesa Verde area and that the intrusive population moved into an area already occupied by indigenous Anasazi groups.
Eleanor Ruin (LA 57896, ENM 883)

Extensive test excavations were undertaken at the Eleanor Ruin. The site contains Chacoan-style masonry and excavation was initiated to further examine the relationships of the Chacoan phenomenon in the middle Rio Puerco Valley, as well as further develop chronometric studies for the overall Puerco research.
The Eleanor Site is located on the floodplain of the Tapia Arroyo approximately 235 meters south of Guadalupe Ruin. Field work at the site was undertaken from 1973 to 1975. Test excavations revealed that the Eleanor Site was a single-story, 12-room masonry pueblo. Similar 

to Guadalupe Ruin, the site has two separate occupations which are culturally distinctive.Michael J. Proper (2002) completed a Master's thesis on Eleanor Ruin and Kathy L. Roler (1999) provides detailed descriptions of the site and used data from the Eleanor Site in her dissertation on Chacoan period faunal assemblages.
Ancillary Field Projects

Several alternative studies and projects have been undertaken in conjunction with the Rio Puerco Valley Project. Most of these studies have been important for providing additional insights for the overall goals of the research.
Prehistoric Water Control Study

A study of prehistoric water and soil conservation was undertaken under the auspices of the Rio Puerco Valley Project by James L. Moore. Moore (1981) completed the project for his master's thesis at the University of New Mexico. The primary purpose of this study was to examine the use and variability of water control systems as adaptive mechanisms in environmental stress. Water control data from the RPVP study has been applied to a developmental model in which a subsistence resource disequilibrium is proposed as the principal causal factor in the development of water control systems.
Historic Spanish Project

In conjunction with the RPVP regional survey, archaeological investigations of the historic Spanish occupation in the middle Puerco Valley were undertaken by Charles M. Haecker as a master's thesis project at Eastern New Mexico University (Haecker 1976). The focus of the research was to examine the subsistence and technology of the eighteenth century Spanish settlers in terms of their adaptation to their physical and cultural environment. Haecker's work provides insights into the historic Spanish occupation in the valley. In addition, it provides
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important archaeological information for expanding the long-range RPVP research goals to include a controlled comparison between the prehistoric Pueblo and historic Spanish populations.
Further investigations of the historic Spanish occupation in the middle Rio Puerco Valley 

were undertaken by Irwin-Williams and M. E. Smith (Smith 1977). The focus of the research 
was to identify elements of historic land use patterns and their respective technologies which 
were critical to the extremely detrimental erosive processes operating in the middle Rio Puerco Valley. The analysis details land tenure patterns during the critical period from 1870 to 1930. Developmental research for the project included extensive archival research on the ethnohistory
of the area.
Architectural Study at Guadalupe Ruin

A detailed architectural attribute analysis was undertaken at Guadalupe Ruin from 1977 
to 1978 by James A. Terrel. The study was supported by the National Endowment for the Humanities Youth Grants Program, and the final report was co-authored with Stephen R. Durand 
(Terrel and Durand 1979). Portions of the report were also extracted for a master's thesis by 
Terrel (1979) at Eastern New Mexico University.

The architectural study at Guadalupe Ruin emphasized recording of the masonry at an attribute level. Fundamentally, the following objectives were outlined in the study:
1) To delineate the construction sequence at ENM 838;
2) To continue development and refinement of a quantitative methodology to fulfill the first

objective; and
3) To independently test the results of the attribute methodology employed (Terrel 1978:89).

The attribute level data was subjected to intensive statistical manipulations employing multidimensional scaling techniques (Kruskal and Carmone 1969). The analysis defined variability within the architectural system, and subpopulations were identified. The scarcity of absolute dates, however, limited the ability to define discrete architectural construction periods.
Stabilization at Guadalupe Ruin

Stabilization of the exposed architecture at Guadalupe Ruin was initiated during the 1978 field season of the Rio Puerco Valley Project. During that year, the stabilization conducted at the site was restricted due to limited funding and personnel as well as the exigencies of the ongoing architectural attribute project. As a result, comprehensive masonry repairs were confined to the western area of the ruin (Baker 1978a). In addition, modern roofs were constructed over the largest of the excavated kivas. These roofs have prevented heavy accumulations of precipitation in the rooms and subsequently have retarded deterioration of the kiva masonry. These roofs presently remain in good condition.
During 1982, a comprehensive stabilization program was implemented and completed at 

Guadalupe Ruin as an independent project undertaken by Eastern New Mexico University. The 
project was designed as a complete preservation program.

The primary objectives of the stabilization program were to arrest further deterioration of the 
exposed prehistoric masonry and minimize future loss o f in s itu  archaeological materials and 
features. The orientation for stabilization placed equal emphasis on permanence in masonry repair 
and accurate replication of architectural design and masonry style (Baker 1984:5).
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Overview of Laboratory Procedures in Ceramic Analysis
As the vast potential of the database was realized, plans were initiated to develop an integrated laboratory program in ceramic analysis. Initially, ceramic analyses had been limited to specific problems related to master's theses projects (Beach 1971; Fritz 1973). The goals of the integrated ceramic research were designed to provide information to address the overall 

objectives of the RPVP research.
Principally, the initial goals of the ceramic analysis were to generate a ceramic sequence from similar ceramic associations which would be indicative of the relative chronology for the middle Rio Puerco Valley. Preliminary examination of the established typologies was needed in order to examine and define a cultural sequence. Several different levels of ceramic analysis were generated as the complexities of the research were realized.

Original Rough-Sort Analysis
The original RPVP rough-sort ceramic analysis was designed to provide a general cross section of ceramic assemblages found in the middle Rio Puerco Valley. It was generated on the 

basis of established typological classifications. Its principal purpose was to develop a relative chronology on the basis of similar ceramic associations. Ceramic collections from excavational testing (1974 to 1975) were used to implement the initial analysis. It was hoped (Irwin-Williams 1975) that collections from test excavations would provide a representative sample which could be used for
1) defining and describing established typologies present in the valley;
2) identification of indigenous types;
3) classification of major intrusive types; and
4) comparisons between surface and subsurface collections at a site to determine if the surface sample

is representative of ceramics stratigraphically in situ .

The original rough-sort analysis provided data on the ceramic sequence of the middle Rio Puerco Valley based on established typological classifications. Complications did develop in using the established typological information at two levels: some local types and varieties were noted which did not conform to the established classifications; and, the chronologies developed from the established typologies (Bretemitz 1966) were too coarse. Very fine chronologies were needed to understand specific elements of the prehistoric population in the middle Rio Puerco Valley and thereby make predictions for the proposed long-term research. As a result, plans were made to initiate an attribute level analysis, and the original rough-sort was discontinued. In retrospect, the abandonment of the original rough-sort was premature.
Ceramic Attribute Analysis

As indicated above, the principal goals of the ceramic analysis were to facilitate and address the long-range objectives of the proposed research, i. e., to develop simulation models which would predict the reaction of rural populations to environmental stress (Irwin-Williams 1974a). The conceptual framework for the overall research has focused on the organization of society as a dynamic system. The societies (cultures) under study “may be seen to have originally occupied a specific state which may be described in terms of a matrix representing the essential internal network of relations which describe that state” (Irwin-Williams 1974a:31).With this framework providing the focus for the research, one critical factor should be emphasized.
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Initially, in order to deal with networked exchange relationships, it is necessary to establish 
approximate contemporaneity of points and links within the pattern. This essential point is too 
often overlooked. However, any consideration of exchange or other interaction between members 
or elements of a cultural system m u st a ssu m e  that these members existed at roughly the same time 
or else the exchange could not take place. It is realized that this is often difficult to accomplish in 
archaeology, but as far as possible it must be attempted. Where archaeological time units are 
unavoidably long (more than a few hundred years at most), this and all other methodologies that 
make assumptions of contemporaneity should be used with great caution or not at all 
(Irwin-Williams 1977b: 142).

As noted, the chronometric data generated from established typologies did not provide sufficiently precise information for the developmental framework. Chronological relationships needed to be more precise to address the specifics of the research, and an attribute level analysis was seen as a means to these ends. Development of this level of analysis was further emphasized due to the general scarcity of recovered materials used for absolute dating, thereby limiting their applicability for establishing tight chronological control.
The general method employed for the attribute analysis involved a nontypological approach for the microseriation of ceramic data (Baker et al. 1978). The attribute database was generated employing exclusively black-on-white sherds within the Puerco-Chaco Series of 

Cibola Whitewares. Only ceramics recovered from excavational testing were employed in the analysis. Ceramic attributes believed to be time-sensitive were macroscopically and microscopically defined and coded into a computerized format. Initially, comprehensive attributes of vessel technology, vessel morphology, and design were coded; however, during the final data manipulation for the sedation, only selected attributes of vessel technology and morphology were used.
The statistical analysis of the attribute data was developed employing cluster analysis (Johnson 1968; Matson and True 1974) and multidimensional scaling (Kruskal and Carmone 

1969). These techniques generated a valid sedation of analytical proveniences. Analytical units were defined on the basis of the in situ stratigraphy at each analyzed site. The accuracy of the seriation was generally tested on the principal of stratigraphic superposition. Results of the analysis were graphically plotted so as to represent the ordering and distances between analytic units. The respective ordering and “temporal” distance between units was assessed by a value (stress) which indicates how well the graphic plot “fits” the input data (Kruskal 1964). The ability to make fine chronological distinctions had been achieved; however, in retrospect, this was a Pyrrhic victory.
Several limiting factors came to light during the development and implementation of the attribute level analysis. It became readily apparent that the questions, as well as the respective attributes selected to address these questions, need to be very specific. “Shotgun” style 

approaches employing attribute data can be overwhelming and the results of the statistical manipulations confused by “noise” within the analytical system. Some problems of this nature were encountered during the preliminary analysis of the RPVP attribute data (Durand and Terrel 1978). These problems were finally resolved. Nonetheless, it was realized that even though a correct seriation of analytical proveniences was achieved, the attributes of vessel technology selected for the analysis were not exclusively temporally sensitive within a given time period. That is, these attributes may be the products of other types of variability.
An additional problem came to light regarding the generation of attribute data to address the goals of the RPVP research. The recording and encoding of comprehensive ceramic attribute
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data (macroscopic and microscopic) into a computerized format is extremely time-consuming and labor-intensive. Generating attribute-level ceramic data for the extensive RPVP database 
would be incredibly ambitious, if not impossible.

As a more realistic perspective was gained on the attribute analysis, it became readily apparent that the original ceramic rough-sort should have been continued simultaneously with the attribute analysis to provide a broader and better defined typological database. At the time the ceramic attribute analysis was initiated, the intra-regional ceramic sequence was not sufficiently understood. Substantial development of typological-level data would have greatly facilitated the attribute analysis, providing a better understanding of the overall ceramic traditions in the area, and thereby enabling a more discriminating selection of specific ceramic attributes defined as temporally sensitive for any one time period. Obviously, this reflects the complex nature of the attribute-level database. As a result, a more refined ceramic rough-sort analysis was developed and implemented to rectify this oversight.
Rapid Rough-Sort Analysis

The rapid rough-sort analysis was implemented during the attribute analysis. Fundamentally, it served as an extension of the original rough-sort; however, specific insights into the ceramic complexes gained as a result of the attribute analysis were incorporated into its analytical framework. The analysis was designed as a typological coding system; however, the type-variety classifications were expanded to include not only established type descriptions but 
also Cibola Whiteware varieties, primarily locally manufactured ceramics, which could not be classified into established typologies (Bums 1978).

During the development of the ceramic attribute analysis and the subsequent recording of attribute data, specific insights were gained into the diagnostic characteristics (attributes) used to define and classify Cibola Whitewares. Changes in specific attributes through time had been observed and comparative categories were developed on the basis of the presence or absence of selected attributes. The analytical system employed morphological (vessel form, etc.) and technological (paste, temper, etc.) attributes as the principal criteria for classification. Stylistic attributes, i.e., designs, were not directly considered in the classificatory system; however, in terms of the realities of day-to-day sorting, it was used as an aid in correct classification. Design coding was not formally integrated into the system due to the complexities of design stability and/or variability within the certain time periods under study.
The rapid rough-sort was implemented with several specific goals in mind: 1) to refine the regional type-variety system to allow the classification of local wares (Burns 1978); 2) to confirm the validity of the ceramic attribute sedation (Durand and Terrel 1978) and further isolate attributes that were temporally sensitive; and 3) to provide a more refined intra-regional ceramic sequence with finer temporal classifications than traditional schemes which could be used to expand the analytical database to a greater number of sites than would be possible employing the attribute-level analysis (Baker 1978b). Overall, the rapid rough-sort was successful in terms of these objectives.
A more refined ceramic sequence (Table 2.1) based on type-variety associations was developed and applied (Burns 1978). Since both the attribute system and the typological coding system were designed for the same ends, it was essential that equivalent results be achieved using either analytical system. A discriminant analysis (Nie et al. 1975) was generated using the attribute database in order to test methodological consistency and the potential of achieving coincident results using either system. The comparison between the statistically generated
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classification and the typological classification indicated that the refined type-variety system discriminated in excess of 95 percent (Durand and Terrel 1978). The complex problems of 
employing solely morphological and technological attributes to define discrete temporal periods, however, came to light almost simultaneously. With these insights, it seemed appropriate to 
attempt to integrate selected aspects of both systems in order to incorporate the potential 
advantages of each. In addition, it was hoped that questions other than temporal ones could be 
addressed employing an integrated analytical system. Once again, an alternative method of 
analysis was sought.

Table 2.1. Anasazi temporal periods in the middle Rio Puerco Valley (Burns 1978:22).
Period/Complex Dates (A.D.) Diagnostic Pottery
Early Chaco A 500-600
Chaco A 600-750
Late Chaco A 750-875

Chaco B 875-925

B/C Transition 925-1000+

Early Chaco C 1000-1050

Chaco C 1050-1075
Late Chaco C 1075-1125

Early Chaco D 1125-1175

Late Chaco D 1175-1250+

Loma Fria 1175-1260+

Mesa Verde 1260-1300+

Predominantly La Plata Black-on-white; Lino Gray
Predominantly White Mound Black-on-white; Lino Gray
Polished White Mound Black-on-white; San Marcial Black-on-white; 
Lino Gray, Early Neckbanded
Red Mesa I Black-on-white; Kiatuthlana Black-on-white; Lino Gray; 
Neckbanded
Red Mesa II Black-on-white; Neckbanded; Early Corrugated varieties

Red Mesa III Black-on-white; Early Corrugated

Predominantly Gallup Black-on-white; Corrugated
Gallup Black-on-white; Early Chaco McElmo Black-on-white:
Intrusive Carbons (Tusayan, etc.)
Predominantly Kwahe'e Black-on-white; Puerco varieties; or Late 
Chaco McElmo Black-on-white; Late Gallup Black-on-white
± Above varieties; predominantly Santa Fe Black-on-white; or Socorro 
Black-on-white
Loma Fria Black-on-white varieties (Sundt's Chaco McElmo); Pippin's 
Guadalupe Black-on-white
Mesa Verde Black-on-white; Puerco variety; late St. John's Polychrome

Limited Attribute Analysis
The limited attribute analysis was developed to provide an integrated level of analysis which would include the advantages of both typological and attribute methodological systems. Only two of the attributes previously coded under the comprehensive attribute format were selected for use. These were vessel form and temper (non-plastics). A type-variety coded format was employed to classify ceramics typologically in the same manner as the rapid rough-sort. In
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addition, analysis of stylistic motifs and design attributes were included in an attempt to increase the temporal sensitivity of the approach as well as possibly address intra-regional spatial questions for other aspects of the RPVP research. The level of design analysis selected for use in the limited attribute format was adopted following an extensive examination of ceramic design. Several approaches to design analysis had been considered and extensively researched, primarily 
at an attribute level. Although none of the design analyses had been fully tested on RPVP data, a level of analysis incorporating both motifs and attributes seemed to be most acceptable for the 
limited attribute format.

The limited attribute analysis was implemented only for a short time. Key tested sites 
critical for better understanding specific aspects of the middle Rio Puerco Valley chronology were analyzed. Almost immediately, it became obvious that with insights gained from all the previous analyses, i. e. the development of a highly refined type-variety system, a detailed understanding of individual ceramic attributes, investigations into the local ceramic sequence, and extensive research into design, a refined typological classification system could be employed. Such a system was developed and implemented immediately. Rigidly defined typological coding would provide the two factors constantly strived for throughout the ceramic research, /. e., fine chronological distinction and the ability to efficiently analyze large quantities of data.
Quick and Dirty Rough-Sort Analysis

Fundamentally, the quick-and-dirty analysis was an expanded and highly refined extension of the rapid rough-sort explicitly incorporating aspects of design. It benefitted from insights gained from all the previous methods and analyzed data. This analysis was employed as the primary method for the duration of the project and was applied to 100 percent of the ceramic 
database from both surface and tested collections.

“Quick-and-dirty” is really a misnomer for the analysis. Typological sorting allowed for streamlined encoding of ceramic data. If there was any uncertainty in the classification of sherds, 
microscopic examination of critical attributes, e.g., temper, was made to insure the most correct assignment into typological sorting categories. Classificatory sorting categories were extensive and reflected the intensive, introspective research previously conducted.

The ceramic data generated by the analysis was subjected to statistical manipulations employing multidimensional scaling methods (Kruskal et al. 1978). The results have been extremely successful (Hurst and Durand 1981). A ceramic sedation, dividing the periods from late Basketmaker III to late Pueblo III into seventeen seriation units, has been generated . A more detailed discussion of the quick-and-dirty rough-sort and the ceramic seriation is included in Chapter 5 and Chapter 6.
Summary of Laboratory Analysis and Procedures

The entire history of ceramic analyses appears quite disjointed in terms of overall continuity though a high degree of consistency was maintained throughout the various individual analyses. In retrospect, certain analyses, e.g., the original rough-sort, should have been continued simultaneously with the implementation of different analytical systems and in some instances, initiation of new approaches were definitely premature. Previously limited middle Rio Puerco Valley regional data, the complexity of the local ceramic sequence, and the specific goals of the research contributed to the extensive changes and reorganization of the analytical systems. Once all avenues of inquiry had been examined and tested, it was inevitable that the goals of the ceramic research would be achieved if for no other reason than chance. Trial and error
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approaches to developmental methodologies are obviously not the most expedient manner with 
which to proceed.

As indicated, the quick-and-dirty rough-sort data was used to generate the statistical 
seriation of analytical proveniences which was included as a part of the Master File Site 
Summary. This file was generated in a computerized format for ease in data retrieval and 
functioned to reduce data from the intensive site survey records, as well as compile temporal and 
locational data at the site level. The Master File provided the fundamental database for all manipulation in terms of further locational analyses and demographic studies.

Summary of the Rio Puerco Valley Project Information Base
Developmental research strategies and respective concomitant laboratory analyses for the 

Rio Puerco Valley Project evolved over an eleven-year period from 1970 to 1981. During that time, an incredible amount of archaeological field data was collected, recorded, and processed. Subsequently, during the course of data reduction, analysis, and manipulation, a comparable level of analytical information was also generated. Compilation of field data at the site level ultimately defined 1,232 individual site entities within the Rio Puerco Valley Project study area. At these 
1,232 sites, a total of 1,761 components were defined. The fundamental breakdown of components at sites in terms of general cultural affiliation is expressed in Table 2.2. As indicated, the extensive and intensive analysis of Basketmaker and Puebloan ceramics served as the primary focus of the analytically derived database. A total of 238,115 ceramic sherds were 
analyzed from test excavations and surface collections.

Table 2.2. Frequencies and cultural affiliation of all recorded sites.
Culture Affiliation Number of Components

Paleo-lndian 1
Archaic 108
Basketmaker Unknown 33
Basketmaker 11 16
Basketmaker III 127
Pueblo Unknown 98
Pueblo I 222
Pueblo II 448
Pueblo III 480
Pueblo IV 4
Navajo 142
Historic 82
Total 1761
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CHAPTER 3
GEOLOGY AND GEOMORPHOLOGY OF THE MIDDLE RIO PUERCO VALLEY

by
Fred L. Nials 
Introduction

The middle Rio Puerco Valley is located in Sandoval County, New Mexico, approximately 45 miles northwest of Albuquerque. The study area consists of that valley segment bounded on the east by Mesa Prieta and on the west by Mesa Chivato (Figure 2.2), and 
includes portions of the Guadalupe, Cabezon Peak, Cerro Tinaja, Casa Salazar, La Gotera, and Puerco Dam U.S.G.S. 7.5' Topographic Quadrangles.

Climate is characterized by large diurnal temperature ranges, warm summers, and cold winters (Folks and Stone 1968). Limited winter precipitation is mainly derived from Polar Pacific airmasses originating far to the northwest, whereas summer precipitation is derived primarily from moist, tropical airmasses originating in the Gulf of Mexico (Dorroh 1946:1-4; Tuan et al. 1973:17-20). The 25.4 cm (10 in.) average annual precipitation is strongly summer-dominant, nearly half falling in the months of July, August, and September in the form 
of convectional thunderstorms (Folks and Stone 1968:68; Sellers 1964; Tuan et al. 1973).

Substrate type and topographic position appear to be the most important factors controlling vegetation distribution. Saltbush (Atriplex canescens), greasewood (Sarcobatus sp.), tansy mustard (Descurania sp.), and alkali sacaton (Sporobolis sp.) are the most obvious plants in most valley bottoms. Pinyon (Pinus edulis)-juniper (Juniperus monosperma) woodlands are common on steeper valley sides and mesa tops. Sandy mesa tops support pinyon-juniper woodlands or gramma (Bouteloa sp.)-Indian ricegrass (Oryzopsis hymenoides)-sacaton 
grasslands. Ponderosa pine (Pinus ponderosus) is present on Mesa Chivato and extends as low as 1,825 m (6,000 ft.) along some drainage divides. Salt cedar (Tamarisk sp.) and cottonwood 

i (Populus fremontia) occur near springs and along arroyo bottoms.
M

Bedrock exposed in the area consists of a complex sequence of intertonguing sandstones, mudstones, and shales deposited in Jurassic terrestrial environments and in fluctuating Cretaceous seas. Late Miocene and Pliocene volcanism resulted in the Mount Taylor volcanic complex (Hunt 1938). Subsequent erosion resulted in the development of the Ortiz Surface, a broad, sloping surface extending from Mount Taylor eastward to the Rio Grande depression (Bryan and McCann 1938). Basaltic lavas formed an apparently continuous or near-continuous cover on this surface northeast of Mount Taylor (Dutton 1885; Hunt 1938). Remnants of this volcanic cover cap Mesa Prieta and Mesa Chivato. Erosion has entrenched the Rio Puerco 
Valley as much as 460 m (1,500 ft.), exposing the volcanic necks so characteristic of the region (Hunt 1938). The episodal nature of the erosion is indicated by multiple pediment surfaces and gravel-capped terrace remnants at several levels within the valley (Bryan and McCann 1936, 1937, 1938).

al The modern Rio Puerco is approximately 228 km (142 mi.) long and has been a continuous or semi-continuous arroyo since at least the mid- to late-1800s (Bryan 1925, 1928; Betancourt 1980). The Rio Puerco drainage basin contains 23 percent of the upper Rio Grande drainage basin area, yet contributes 45 percent of the sediment and only 3 percent of the water to the Rio Grande below their confluence (Dortignac 1963). Vigorous present-day erosion is i indicated by “common” sediment concentrations of up to 400,000 ppm (Hawley et al. 1983:33).Nordin (1963) reports that the maximum sediment concentration recorded is about 680,000 ppm,
*
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a figure exceeded in U. S. streams only by that of the Paria River in Arizona. “Discharge maximums typically occur in the months of August-October, which suggest that convective, summer thunderstorms are more important contributors to stream flow than spring runoff due to 
meltwaters in the Mount Taylor and Nacimiento Mountains” (Wells et al. 1983:37).

Limited agriculture/horticulture appears to have begun in tributaries to the middle Rio 
Puerco by the Late Archaic (Irwin-Williams and Haynes 1970) and was later widely practiced by Puebloan occupants. Following several centuries of apparent abandonment, Navajo residents began limited farming in some parts of the valley by the 1700s. Native agriculture was expanded upon in the late 1700s by Hispanic settlers, and large portions of the valley were under irrigation by the late nineteenth century. A maximum population of approximately 500 was attained at this time (Widdison 1959). The once-cultivated valley was mostly abandoned by 1920 (Dortignac 1963) as a result of erosion, and the land is now used for grazing.

Physiography
If we stand upon the eastern brink of the Mount Taylor mesa [Mesa Chivato] we shall overlook the 
broad valley of the Puerco (East). The spectacle is a fine one and in some respects extraordinary.
The edge of the mesa suddenly descends by a succession of ledges and slopes nearly 2,000 feet 
into the rugged and highly diversified valley-plain below. The country beneath is a medley of low 
cliffs and bluffs, showing the light browns and pale yellows of the lower and middle Cretaceous 
sandstones and shales. Out of this confused patchwork of bright colors rise several objects of 
remarkable aspect. They are apparently inaccessible eyries [sic] o f black rock, and at a rough 
guess by comparison with the known altitudes of surrounding objects, their heights above the mean 
level of the adjoining plain may range from 800 to 1,500 feet. The blackness of their shade may be 
exaggerated by contrast with the brilliant colors of the rocks and soil out o f which they rise, but 
their forms are even more striking. It is obvious at once that these rocks are of volcanic origin.
(Dutton 1885:166-167, cited in Shomaker 1967:198-199).
The area of this study is located near the confluence of three physiographic provinces: the Colorado Plateau, the Basin and Range, and the Southern Rocky Mountains (Figure 3.1). The boundary between the Datil and Navajo sections of the Colorado Plateau province is near the middle Rio Puerco Valley, with Mt. Taylor and Mesa Chivato being placed in the Datil section (Fenneman 1931:317-319). The Rio Grande Trough, basically a downfaulted graben complex associated with the Rio Grande Rift zone, lies immediately east of the study area across the Ceja del Rio Puerco, and along with the Sandia and Manzano Mountains forms the northernmost extension of the Mexican Highland section of the Basin and Range physiographic province. The 

Tertiary volcanic complex of Valles Caldera, an apophysis of the Southern Rocky Mountains physiographic province, is located north and northeast of the study area (Hunt 1967).
Topography within the valley is variable, controlled mostly by bedrock type and distribution. Most of the study area is underlain by Mancos Shale. Those portions of the valley underlain by large areas of shale are usually characterized by closely spaced linear, pinnate or dendritic drainage patterns. Topography on shales near scarps formed by outcrops of resistant rock typically varies from small areas of true badlands to areas of small, shallow, closely spaced, V-shaped canyons having steep gradients. In areas more distant from outcrops of resistant rocks, topography varies between broad, rolling hills and open, sloping pediment surfaces. Smaller 

outcrops of shale between more resistant beds of sandstone are characterized by steep slopes, usually between 10 and 30 degrees, having numerous rills and small parallel gullies. Outcrops of this type are often partially masked by thin veneers of talus derived from more resistant beds upslope.
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Sandstone outcrops usually form prominent bluffs and cliffs because of their relative 
resistance to erosion. Streams flowing through areas of sandstone outcrops are usually incised in canyons as much as 45 m (150 ft.) deep or more, and have sandy valley floors and streambeds. Sandstone outcrops form local base levels in many stream bottoms, and gradient may vary radically within short distances. Topography caused by sandstone outcrops appears to have been particularly important in Puebloan site location, for the majority of sites are in close proximity to 
such areas.

The resistant “caprock” that maintains the prominence of Mesa Chivato and Mesa Prieta 
is composed of basalt. Volcanic necks formed of basalt, andesite, and basaltic breccia form the 
numerous dark cerros so prominent in the topography and characteristic of the region. Although most are less than 150 m (500 ft.) high, some, such as Cabezon Peak and Nuestra Senora de la Luz de las Lagunitas, are much higher and form prominent peaks visible for tens of miles.

The middle Rio Puerco Valley is markedly asymmetric in transverse cross section between Mesa Chivato and Mesa Prieta. The eastern side of the valley is steep, rising 335 m (1,100 ft.) or more from the Rio Puerco to the summit of Mesa Prieta in a distance of 1.5 to 3 km (1 to 2 mi.) in most places. In contrast, the western side of the valley is relatively flat, and the summit of Mesa Chivato is 10 to 16 km (6 to 10 mi.) from the river in most areas. The distribution and size of tributaries to the Rio Puerco is also notably asymmetrical, with less than a dozen larger tributaries that derive runoff from the flanks of Mesa Prieta entering the river from the east. The largest of these, Canon del Camino, has a stream length of approximately 6.5 km (4 mi.). The Arroyo Cuervo is not included as one of these tributaries, despite the fact that it much larger and enters the Rio Puerco from the east near the southern tip of Mesa Prieta, for its drainage basin is mostly east of Mesa Prieta. Tributaries entering the Rio Puerco from the west have greater length and discharge, and derive their runoff from either the flanks of Mesa Chivato or large areas of Mancos Shale between Mesa Chivato and the Rio Puerco. These tributaries include such streams as Canon de Chamisa Losa, Canon Guadalupe, Canon Salado (North), Canon Tapia, Hay Meadow Canyon, Canada Nervio, and Salado Creek (South), along with 
numerous other smaller unnamed tributaries. Most of the streams named above that enter the Rio Puerco from the west have stream lengths of 10 to 13 km (6 to 8 mi.) or more.

Structural Geology
The study area is located near the axis of the Jemez Lineament (Figure 3.1), a northeast-trending basement rock shear zone that penetrates the lithosphere to great depths and controls the distribution of volcanism along its trend (Chapin et al. 1978; Laughlin et al. 1982; Mayo 1958) (see discussion of volcanic rocks, below). This structural feature separates Precambrian-age provinces and is considered by some (Laughlin et al. 1982) to be the boundary between the Colorado Plateau and the Basin and Range provinces in this area.
The area is also located along the western margin of the Rio Puerco Fault Zone (Figure 3.1), a major structural feature of the west side of the Rio Grande Rift in west-central New Mexico (Slack and Campbell 1976). The fault zone is a downwarped, antithetically faulted margin to the Rio Grande Rift transitional to the Colorado Plateau (Slack and Campbell 1976; Woodward 1982). Faults within this zone are characteristically northeasterly- or north- northeasterly-striking, en echelon hinge faults, along which displacement increases to the north (Slack and Campbell 1976). Most of these normal faults are downthrown to the west (Slack and Campbell 1976). Displacement along observed faults in the study area varies from a few tens of meters to more than one hundred meters. Local folds are northwesterly-trending (Woodward1982).
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Kelley (1955), Woodward (1982), and others indicate that right-lateral shift along the 
eastern margin of the Colorado Plateau occurred during the late Laramide. Crustal extension followed during the Miocene, setting up a tensional stress field in which the Rio Grande Rift 
began to develop (Woodward 1982). “In this regime high-angle, normal faults formed, and 
renewed movement occurred on older faults” (Campbell 1967:72). Faulting continued through the Holocene, indicated by graben fill of Neogene elastics (Campbell 1967; Woodward 1982).

The Rio Puerco Fault Zone is of archaeological significance in that structural deformation in this zone largely controls topographic grain, including location and orientation of many valleys. The locations of most springs observed during field investigations are either directly or indirectly related to faulting or jointing.
Bedrock Stratigraphy

Bedrock in the study area mainly consists of Upper Jurassic and Cretaceous sandstones and shales. Plio-Pleistocene basalts are locally present as volcanic necks and dikes, and basalts cap Mesa Chivato and Mesa Prieta. Excluding igneous rocks, lithologies generally decrease in age from south to north.
Although the details of bedrock stratigraphy and structure are, for most purposes, not directly relevant to most archaeological interpretations, the differing characters and patterns of sandstone and shale outcrops produce topographic features that are of significance in the 

distribution of prehistoric archaeological sites, springs, and patterns of Holocene erosion. Sandstones constitute only a limited portion of the stratigraphic section, and but apparently were of special significance to prehistoric occupants of the area. For this reason, a knowledge of 
bedrock stratigraphy is useful for the evaluation of topographic development and archaeological site location models. Variations in lithology form a major basis for the Landform-Environment Classification discussed elsewhere in this chapter. Numerous generally northeast-southwest- trending faults influence the location of valleys, springs, and local base levels in arroyo bottoms and greatly influence the distribution of various topographic elements. The stratigraphic section shown in Figure 3.2 includes all strata in the larger Mt. Taylor region, but only those formations having exposures in the study area will be discussed in detail.
Jurassic Strata
San Rafael Group

The Early and Middle Jurassic was a period of tectonic stability in the study area, and no sedimentary strata of this age are represented. During the early Late Jurassic, rocks of the San Rafael Group (in ascending order the Entrada Sandstone, Todilto Formation, and Summerville Formation) were deposited. These strata do not outcrop in the study area, but are present to the northeast. Prehistoric exploitation of San Rafael Group resources by middle Rio Puerco Valley occupants has not been documented, although gypsum of the Todilto Formation may have been used in the manufacture of plaster similar to that observed in pueblos in the Chaco Canyon area.
Morrison Formation

Brushy Basin Member. Sediments of the Morrison Formation (Emmons et al. 1896) are the oldest Upper Jurassic rocks exposed in the study area. Although three members of the Morrison Formation have been recognized in nearby areas of northwestern New Mexico (in
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Figure 3.2. Stratigraphic nomenclature chart, middle Rio Puerco Valley area(adapted from Saucier et al. 1982).
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ascending order the Recapture, Westwater Canyon, and Brushy Basin Members), only the Brushy Basin Member outcrops in the study area, and that only south of Hay Meadow Canyon. In the middle Rio Puerco Valley, the Brushy Basin Member is typically about 73 m (240 ft.) in thickness. At its base, the Brushy Basin grades into the Westwater Canyon Member, and the contact between them is determined arbitrarily in some places. Morrison Formation outcrops do 
not appear to have been of particular significance to prehistoric occupants of the area, with the 
possible exception of occasional orthoquartzitic sandstone beds, discussed below. The Brushy 
Basin Member is further subdivided into two informal units, a mudstone unit and an overlying 
sandstone, the so-called “Jackpile sandstone of economic usage” (Santos 1975).

Mudstone Unit. Outcrops of the Mudstone unit (Santos 1975) of the Brushy Basin Member are easily recognized by their varicolored grayish-green to light greenish-gray color, which near the base grades to grayish-red. Strata are mostly very friable, sandy, and often bentonitic. Santos (1975) reports abundant thin beds of massive, clay-rich sandstone and sparse thin beds of light gray, dense, massive limestone, but limestones are rarely seen in the study area. 
At least one sandstone bed in the Brushy Basin Member is a light greenish orthoquartzite that 
may have been exploited prehistorically for lithic artifacts. Several clay beds are quite pure, but their bentonite content precludes their having been used for ceramic production.

Jackpile Sandstone o f Economic Usage. The so-called “Jackpile sandstone of economic usage” (Santos 1975) is one of the most easily recognizable strata in the study area, consisting of brilliant white or light pink friable fine- to medium-grained fluvial sandstone as much as 15 m (50 ft.) thick. Near Mesa Prieta, the cementing material is predominantly clay. Broad folding caused by differential subsidence of the Jurassic landscape probably produced a local basin into which the Jackpile sands were deposited. Jurassic streams responsible for deposition of these sediments in the study area were generally north- or northeastward-flowing (Hilpert 1969:70).No relationship between Jackpile sandstone outcrops and prehistoric site location was recognized 
in the course of this study.
Cretaceous Strata

Rocks of the Jurassic system are unconformably overlain by a sequence of near-shore marine and fluvial formations of Cretaceous age deposited during a series of southwestward transgressions and northeastward regressions of a sea that covered all of northwestern New Mexico (Sears et al. 1941). This sequence consists of gray shales, brownish-gray sandstones, and interbedded carbonaceous shale. Cretaceous strata range in thickness from about 915 m (3,000 ft.) in Socorro and Catron Counties (Dane et al. 1957) to about 2,130 m (7,000 ft.) in northern San Juan County.
From base to top, Cretaceous formations are the Dakota Sandstone, Mancos Shale, and Mesaverde Group (Gallup Sandstone, Crevasse Canyon Formation, Point Lookout Sandstone, Menefee Formation, and Cliff House Sandstone). Younger Cretaceous strata (Lewis Shale, Pictured Cliffs Sandstone, Fruitland Formation, Kirtland Shale, and Ojo Alamo Sandstone) overlie the Mesaverde Group elsewhere in northwestern New Mexico, but are not present in the study area.

Dakota Sandstone
An erosional surface separates the Dakota Sandstone from underlying Morrison Formation sediments. The sometimes irregular distribution of Morrison outcrops is partially explained by the fact that some Morrison deposits have been locally thinned or removed. The
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Dakota was deposited in shallow near-shore and neritic marine environments. The formation consists of tan and yellowish fine- to medium-grained sandstone interbedded with subordinate 
gray and black shale. Sandstones are typically sparsely fossiliferous, though shark teeth are locally abundant in shales. A quartz pebble conglomerate is commonly present at the base of the unit. The Dakota is variable in thickness, but in the study area is typically 14 to 18 m (45 to 60 ft.) thick. Depositional environments for the Dakota were similar to those of the lower Mancos 
Shale (see below) and in field observations the two may be easily confused because of their 
similar character and appearance.

The Dakota Sandstone is present only in the southern part of the study area and in the 
Arroyo Cuervo drainage. In the vicinity of Salado Canyon (South) and the Arroyo Cuervo, sandstones of this formation and the lower Mancos Formation form prominent structural benches 
especially favored as site locations by Archaic and Basketmaker occupants.
Mancos Shale

The Mancos Shale (Cross 1899) overlies the Dakota Sandstone and is the most ubiquitous formation in the middle Rio Puerco Valley, with outcrops throughout most of the study area.The formation has been divided into an upper and lower part by Santos (1975) for mapping 
purposes.

The upper part consists of a massive marine sandy shale with subordinate amounts of sandstone more than 230 m (750 ft.) thick deposited in deeper Cretaceous seas. The shale is predominantly gray, but black, yellow, and white colors are also present. Upper Mancos deposits outcrop extensively throughout the area and are largely responsible for the easily eroded nature of much of the middle Rio Puerco Valley terrain. Topography developed on Mancos shales varies from badlands terrain northwest of Casa Salazar to broad, relatively flat, open valleys in the Hay Meadow Canyon area to deeply eroded, closely spaced, V-shaped valleys northwest of Mesa 
Prieta. While upper Mancos Shale resources may have been extensively exploited, few prehistoric sites are situated on upper Mancos deposits that are not in close proximity to sandstone outcrops of over- or underlying formations. Broad areas of exclusively shale outcrops appear to have been studiously avoided, in fact, and few indications of any type of prehistoric exploitation have been recognized.
Mesaverde Group

In northwestern New Mexico the Mancos Shale interfingers with, and is overlain by, strata of the Mesaverde Group. These strata are about 300 m (1,000 ft.) thick and comprise, in ascending order, the Gallup Sandstone, Crevasse Canyon Formation, Point Lookout Sandstone, Menefee Formation, and Cliff House Sandstone ( Beaumont et al. 1956; Collier 1919; Holmes 1877). Exposures of the Cliff House Sandstone are not present in the general area of the middle Rio Puerco Valley. Lithologies of the Mesaverde Group are prominent along the flanks of Mesa Chivato but, with the exception of the lowermost members, do not outcrop extensively within the study area.
Members of the Mesaverde Group and the Mancos Shale were deposited during a series of transgression and regressions of the Cretaceous sea. Because of this, some Mesaverde Group sediments were deposited simultaneously with Mancos Shale sediments elsewhere. Such a relationship exists in the middle Rio Puerco Valley, where the Gallup Sandstone, Crevasse Canyon Formation, and Hosta Tongue of the Point Lookout Sandstone are each under- and overlain by Mancos Shale.
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Gallup Sandstone. The Gallup Sandstone (Sears 1925) is the basal member of the 
Mesaverde Group, and is a pale buff or yellowish-buff colored, fine-grained, slightly friable 
sandstone about 25 m (80 ft.) thick. The Gallup Sandstone was deposited in near-shore 
environments during a regression of the Mancos Sea, simultaneously with Mancos Shale deposits 
in deeper offshore environments.

In the middle Rio Puerco Valley, Gallup Sandstone outcrops occur from the north end of 
Mesa Prieta to the Guadalupe-Casa Salazar area and along the west side of the valley on the slopes of Mesa Chivato southwestward to the vicinity of Cebolleta. This sandstone unit forms prominent bluffs in the area north of Hay Meadow Canyon and its distribution figures prominently in the location of both springs and prehistoric sites.

Crevasse Canyon Formation. The Crevasse Canyon Formation overlies the Gallup Sandstone and consists of a sequence of lenticular sandstone units and light-colored clay. Coal beds are present in nearby areas, though no significant coal deposits have been observed in the middle Rio Puerco Valley area. The formation is exposed in only a limited area on the west side of the Rio Puerco Valley. It does not appear to have been either a significant resource for prehistoric exploitation or a factor in site location.
Point Lookout Sandstone. The Point Lookout Sandstone (Collier 1919) is underlain in some areas of the Rio Puerco Valley by the Crevasse Canyon Formation and in others by the Mancos Shale. The Point Lookout Sandstone is approximately 30 m (100 ft.) thick in the middle 

Rio Puerco Valley and consists of “gray-brown to white fine- to medium-grained thin- and parallel-bedded sandstone” (Hilpert 1969:22).
The Hosta Tongue represents a recessional episode of the Mancos Sea and, where present in the middle Rio Puerco Valley, is separated from the main body of the Point Lookout by the Satan Tongue of the Mancos Shale. The Hosta Tongue is present in a limited area on the northeastern corner of the study area and along the western flanks of Mesa Chivato. Springs are present in some areas at the base of the Hosta Tongue but are not known to have been significant factors in site location. Both the Hosta Tongue and Point Lookout Sandstone are locally 

cliff-formers, but any significance to distribution of prehistoric sites in the study area is unassessed.
Menefee Formation. Deposits of the Menefee Formation (Collier 1919) are the youngest Cretaceous rocks to be exposed in the general area of the middle Rio Puerco Valley. The Menefee consists of “gray, brown, and greenish-gray siltstone and shale, gray to buff lenticular crossbedded sandstone and coal” (Hilpert 1969:22). Although very limited areas of outcrop are present in the extreme northwestern comer of the study area, for all practical purposes the formation is absent. Mesozoic rocks younger than the Menefee Formation are not present in the study area.

Plio-PIeistocene Volcamics
Volcanic rocks occur throughout the area as flow remnants capping Mesa Chivato and Mesa Prieta and as numerous, isolated volcanic necks. These volcanics are related to the volcanism responsible for Mt. Taylor, west of the study area, and are part of a series of volcanic fields that occur intermittently along the margin of the Colorado Plateau (Hunt 1967). Mt.Taylor “forms a composite accumulation of rhyolite, trachyte, alkali andesite, and other mafic rocks erupted in late Cenozoic time, and it is surrounded by fields of older and younger monogenetic, dominantly basaltic cinder cones and flows” (Crumpler 1982:291). Although
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volcanism in the general area of Mt. Taylor began as early as 4 million years ago (mya) and continued to perhaps as recently as A.D. 700, basaltic rocks on Mesa Chivato have been dated at 2.8 ± 0.2 mya and 2.7 ± 0.3 mya and flows atop Mesa Prieta have been dated at 2.2 ± 0.3 mya 
(Crumpler 1982).

Quaternary Geology
Although numerous investigators have examined various aspects of the geology of the Pvio Puerco Valley (Bryan and McCann 1936, 1937, 1938; Hunt 1938; Love et al. 1982; Wright 1946), most of these studies were focused on hydrology, fluvial processes, or bedrock geology, and not Quaternary stratigraphy. As a consequence, the Quaternary stratigraphic record in the middle Rio Puerco Valley is fragmentary, consisting mainly of Pleistocene pediment surfaces and 

alluvial terraces and a Holocene alluvial terrace and associated deposits. In this study, limited emphasis was placed on the Pleistocene record, with field work concentrated on Holocene alluvium and aeolian sediments. Emphasis was placed on understanding patterns of deposition, chronology, and the relationships between inferred Holocene paleoenvironmental conditions and geomorphic processes of erosion and deposition.
Pleistocene Geomorphic Surfaces

Bryan and McCann (1936, 1937, 1938) were among the earliest to conduct geomorphological studies relating to the middle Rio Puerco Valley. In the process of their investigation of the history of the Rio Puerco, they recognized a total of five erosional surfaces consisting of three pediments and two terraces.
The oldest geomorphic surface recognized by Bryan and McCann (1938) is the Ortiz erosional surface (Wright 1946). This surface apparently extended from the flanks of Mt.Taylor, forming a continuous surface across present-day Mesa Chivato to Mesa Prieta and the Ceja del Rio Puerco, from which it sloped into the depression of the Rio Grande Valley. In the vicinity of the middle Rio Puerco Valley, basaltic eruptions occurred after the formation of the Ortiz surface, and flows may have once formed a continuous cover from Mesa Chivato across the Rio Puerco Valley, to Mesa Prieta and eastward toward the Ceja del Rio Puerco (Bryan and McCann 1937, 1938; Hunt 1938). The present course of the Rio Puerco was formed within the last 500,000 years (Hawley, Love, and Wells 1983) by headward extension of western tributaries to the Rio Grande.
Bryan and McCann (1936) recognized two pediments younger than the Ortiz in the lower Rio Puerco and Rio San Jose Valleys. The older of these surfaces, the La Jara pediment, is located 55 to 62 m (180 to 205 ft.) above the modem valley floor, whereas the younger Rito Leche pediment is 23 to 27 m (75 to 90 ft.) above the valley floor. In addition, two terraces were identified by Bryan and McCann at elevations of 7.6 to 9.1 m (25 to 30 ft.) and 3 to 4.5 m (10 to 15 ft.) above the former floodplain of the Rio Puerco.
No effort was made to improve upon Bryan and McCann's sequence of Pleistocene pediments and terraces, but it appears that some differences may occur in the study area. In the middle Rio Puerco, the valley is narrower and steeper than in downstream areas, and pediment surfaces are not as well developed. An additional complicating factor is that the alternating sequence of sandstones and shale is conducive to the formation of structural benches, often capped by Pleistocene alluvial gravels. These benches are easily confused with true terrace surfaces, and as is typically the case, it is extremely difficult to differentiate erosional from depositional terraces (Ritter 1986).
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Holocene GeomorptioSogy and Deposits
Geomorphic processes are significant to Holocene prehistory for several reasons:
1) alluvial and aeolian deposits provide a stratigraphic framework for correlating and evaluating

various types o f data, e.g. paleoenvironmental, paleoclimatic, archaeological;
2) geomorphic processes recorded in Holocene deposits provide an important indication of

paleoenvironmental and paleoclimatic conditions; and
3) a knowledge o f variations in Holocene processes allows a more informed estimation of

archaeological site transformation processes.
The major effort of this investigation was concentrated on alluvial deposits, though this chapter is not intended as a comprehensive discussion of the alluvial geomorphology of the valley.

Bryan (1925) was among the earliest of Southwestern geologists to recognize that alluvial 
sediments exposed in modem arroyos were divisible into several depositional units, and that these same sediments preserved a record of prehistoric arroyos in west-central New Mexico. 
Subsequent work by Bryan (1928, 1941) and others (e.g., Albritton and Bryan 1939; Hack 1942; Haynes 1968; Leopold and Miller 1954) showed that a similar sequence of Holocene deposits occurred throughout much of the Southwest. Numerous other investigators have derived alluvial 
sequences throughout the Southwest, some more complex than originally defined by Bryan, 
others less so.

Observations of Rio Puerco alluvial stratigraphy for this project began in the summer of 1971, with additional work during various portions of the summers of 1972 to 1978. It soon became apparent that a “sequence” of alternating sand and clay-rich Pleistocene/Holocene 
alluvial strata was repeated in many localities of the middle Rio Puerco Valley near its confluence with Salado Creek and the Arroyo Cuervo, and in those two tributaries (Figure 3.3). Subsequent investigations showed that the same sequence was repeated in upstream areas of the 
Rio Puerco, as well. Because the sequence was repeated in many localities, and because individual strata could often be traced for distances of several miles or more, each of the strata was assigned an informal and temporary “horizon” name. It is recognized that some of these horizons represent differing sedimentary facies and might not be of stratigraphic significance over large areas. Named units, however, appear to be consistent within the area of the middle Rio Puerco Valley and appear to be of local chronostratigraphic significance.

Since the initial designation of horizon names, studies by the author (e.g., Nials 1972; Nials et al. 1979, 1989) elsewhere in northwestern New Mexico have shown that in many locations the same basic sequence of deposition is repeated. Despite the seemingly uniform and widespread nature of alluvial deposition recognized in the middle Rio Puerco Valley, individual horizons are poorly dated, and correlations with alluvial strata elsewhere remain tenuous until further dating is accomplished. Nomenclature designations consequently remain at the informal level. In ascending order, the horizons recognized are: Cuervo, Salado, Salazar, Puerco Dam, Tapia Creek, and Guadalupe (see Figure 3.3). The Cuervo horizon appears to be of Late Pleistocene age, the others Holocene.
Cuervo Horizon

The Cuervo horizon, originally identified in the Arroyo Cuervo drainage, is the oldest and most poorly represented sedimentary horizon recognized in Rio Puerco alluvium. The deposits are usually clay-rich, although local sands and/or gravels are present in minor channels and near
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the valley margins. Cuervo horizon deposits are usually modified to some degree by 
pedogenesis. The upper boundary is erosional in some locations, and in others it is gradational 
into overlying Salado horizon deposits.
Salado Horizon

The Salado horizon (Figure 3.3) typically comprises one-third to one-half the thickness of any given arroyo wall exposure. Sediments are variable in character, depending upon topographic position within the valley and relative age of deposits within the horizon. In 
valley-center locations, older sediments near the bottom typically consist of laminated and 
crossbedded fine sand, silt and clay. In most areas, the deposits become increasingly sandy from bottom to top. In positions removed from the valley center, sediments often consist of massive to 
crudely bedded sands and gravelly sands derived from valley-margin locations and deposited by slopewash and water-spreading processes.

These deposits are interpreted as reflecting progressive filling of the valley bottom with coarse alluvial sediments. It appears that the valley bottom was initially either unchanneled or that channels were diminutive, with water spreading over much of the valley bottom. Locally derived slopewash sediments provide the major complement of valley fill near the channel margins, whereas relatively coarse sands and (minor) gravels associated with alluvial channels were deposited along the axis of the valley, especially toward the top of the horizon. There are no thick accumulations of clay in this horizon. The increasing sand content toward the top of the horizon may suggest conditions of progressively less effective moisture, i. e., “flashy” runoff, through time.
Deposition of the Salado horizon culminated in a period of arroyo cutting and erosion. Paleoarroyos are filled with channel sands and gravels, point bar deposits, and aeolian sand. A weak soil is developed atop Salado horizon deposits in some locations in the middle Rio Puerco Valley. This soil was originally correlated with the "Altithermal" soil (Nials 1972), but subsequent studies lead me to believe that this correlation is erroneous.

Salazar Horizon
The Salazar horizon is relatively thin and consists of laminated and thin-bedded clay-rich fluvial sediments. Although the clayey sediments of this horizon are mostly similar in character and distribution to overbank deposits and seemingly indicate shallow flows of water moving sluggishly over the valley bottom, some Salazar horizon sediments fill previously cut channels in some localities.
The validity of this horizon as a separate stratigraphic unit is open to question. It was so designated because it is sometimes separated from the underlying Salado horizon by an erosional unconformity and is markedly different in character from Salado horizon sediments and deposits of the overlying Puerco Dam horizon when that unit is present. It is often separated from these deposits by an unconformity, is widely distributed throughout the middle Rio Puerco Valley, can often be traced for miles, and covers much of the former valley floor. However, the underlying unconformity is not always present, and in places the Salado and Salazar horizons seem to grade into one another. The distribution of clay-rich sediments seems too widespread to simply represent a local channel-marginal facies, consequently the horizon designation. Placement within Haynes' (1968) alluvial sequence is problematic, as no absolute dates are yet available.
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Puerco Dam Horizon
When present, the Puerco Dam horizon invariably consists of sandy or gravelly channel 

sands and gravels or sandy point bar sequences. This mid-valley association of sediments grades 
into slopewash and alluvial fan sediments nearer valley margins. During the interval represented 
by this horizon, arroyos developed to approximately the same depth as modern arroyos, and paleoarroyos of this age are ubiquitously present in the Rio Puerco and all larger tributaries. I he Puerco Dam horizon is thought to have formed during a period of intense drought or ineffective 
precipitation.
Tapia Creek Horizon

This horizon is usually almost identical to the Salazar horizon in that it is composed of 
clay-rich materials, is fluvial in origin, and contains some pedogenic clays. Archaeological associations suggest deposition of this horizon in a relatively moist period ending approximately 1,200 years ago. The upper boundary of the horizon approximately represents the surface at the 
time of Pueblo development in several areas in the northern part of the study area.
Guadalupe Horizon

The Guadalupe horizon usually consists of slopewash and colluvial sands or coarse alluvial sands, thought to have been deposited in a period of relatively less available moisture than for the underlying Tapia Creek horizon. Deposition appears to have been slow during the early stages of development of the Guadalupe horizon. Including the modern, at least three 
erosional episodes occurred during the deposition of this horizon, each accompanied by extensive arroyo-cutting (Figure 3.3). Archaeological associations in the northern portion of the study area suggest that arroyos may have begun forming ca. A.D. 1030 and again ca. A.D. 1175 to 1200. Inception of the modern arroyo is not known, but apparently pre-dates the mid-1800s.

Conclusions
Bedrock in the study area consists of little-deformed Mesozoic strata, overlain by Tertiary volcanics. The differing resistances to erosion of these strata produces the topography characteristic of the area and is of significance to archaeological site patterning.
Modern arroyo-cutting has exposed Holocene alluvial strata in all but the smallest of tributaries. These alluvial strata (Figure 3.3) reflect the nature of depositional processes and provide insight into some environmental factors that may have been of significance to prehistoric occupants of the valley. The strata are locally variable because of local facies changes, but the basic stratigraphic sequence can be traced throughout the entire middle Rio Puerco Valley except in the area of Hay Meadow Canyon, upstream from sandstone outcrops that form local base levels.
The significance of this stratigraphic sequence is that the widespread clay-rich strata (Cuervo, Salazar, and Tapia Creek horizons) are thought to represent deposition during periods of relatively effective precipitation (Chapter 4), when runoff volumes were lower. The widespread sand-rich strata (Salado, Puerco Dam, and Guadalupe horizons) are thought to represent periods of relatively ineffective precipitation, i.e., increased runoff. All episodes of arroyo-cutting recognized in the study area were initiated during episodes characterized by deposition of sandy colluvium near valley slopes and sandy alluvium in the valley bottoms.
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CHAPTER 4
ENVIRONMENTAL CHANGE IN THE MIDDLE RIO PUERCO VALLEY

by
Fred L. NiaSs and Stephen R. Durand

. . . what now remains of the once rich land is like the skeleton of a sick man, all the fat and soft 
earth having wasted away, only the bare framework is left. Formerly, many of the present 
mountains were arable hills, the present marshes were plains full o f rich soil; hills were covered 
with forests, and produced boundless pasturage that now produce only food for bees . . .
Moreover, the land was enriched by yearly rains, which were not lost, as now, by flowing from the 
bare land into the sea; the soil was deep, it received the water, storing it up in the retentive loamy 
soil . . . (Plato, a description of Attica in the fourth century B.C.)

Introduction
Even to the casual observer, the deep arroyos that incise most valley bottoms are among the most striking features in the Rio Puerco drainage basin. These great ravines, as much as 75 feet deep, and hundreds of feet wide, have ravaged the landscape, causing inestimable damage to valley-bottom environments. The arroyos not only create impediments to travel and communication, but also lower water tables, reduce base flow and vegetation cover, and erode sediments and soil that has taken thousands of years to accumulate. Piping vents adjacent to the 

arroyos make many valley bottoms not only dryer, but unsafe for livestock and humans, and impossible for agriculture. Much of the desiccation is not caused by a lack of precipitation, but rather by the brief residency of water in the environment. Ironically, the same arroyos that lead to the drying of the valley-bottoms also form conduits for the rapid conveyance of runoff so that 
floods are of greater magnitude than occurred before the arroyos formed.

The presence of a large, continuous arroyo system is not unique to the Rio Puerco Valley, for arroyos are among the most common of valley-bottom landforms in New Mexico and throughout much of the Southwest. Nor is the modern arroyo unique in the geologic history of the Rio Puerco Valley, for examination of alluvial deposits (Bryan 1928; Leopold, et al. 1964; Nials 1972; Love et al. 1982) reveals evidence of multiple generations of paleoarroyos long since 
filled with sediment. Several episodes of arroyo-cutting occurred during the Puebloan occupation of the valley. Given the profound effects of these features on the environment, there were probably significant effects on the human population as well. The causes of arroyo-cutting, however, remain controversial. It seems obvious that an understanding of the nature and potential causes of arroyo formation may be fundamental to understanding the dynamics of some types of human response to environmental change in the Rio Puerco Valley. With this in mind, this study is focused on the potential cause(s) of arroyo cutting and the cultural response to 
arroyos and their causes.

The causes of arroyo cutting are incompletely understood, but are undoubtedly related to some aspect of environmental change. An understanding of paleoenvironmental variation is an integral part of geomorphological and archaeological investigations. Many techniques have been used to reconstruct aspects of past environments and climate. These include analyses of pollen (Mehringer and Haynes 1967; Pippin 1987), contents of woodrat middens (Betancourt and Van Devender 1981), faunal remains, dendroclimatology (Rose et al. 1981), and the study of geologic- erosion and deposition patterns (Love 1980; Haynes 1968).
The techniques vary in temporal and environmental sensitivity. Each technique yields a different perspective on past environments and each has inherent advantages and disadvantages.



Pollen analysis provides an indication of regional vegetation history but may be a relatively insensitive indicator of local changes. Studies of alluvium and other sediments may provide a history of local erosion and deposition, but the causes of these events are often incompletely understood and difficult to decipher. Analysis of woodrat middens allows accurate reconstruction of localized vegetation communities and paleoenvironmental conditions, but 
records are discontinuous and often temporally spotty. Some fauna are quite sensitive to environmental change, but few sites provide sufficient faunal elements for detailed paleoenvironmental analysis. Dendroclimatology provides a vehicle for reconstruction of annual 
local and regional precipitation and runoff patterns, but records spanning periods of archaeological significance are not available for many areas. Ideally, in reconstructing climate and environment, one would use all of these lines of evidence and more.

Many of these techniques for assessing paleoenvironmental conditions cannot be used in the Rio Puerco area at present. Surface sample transects showing the distribution of modern pollen in the landscape were collected by Pippin (1987), and continuous pollen records are available from the Jemez Mountains (Cienega Frambuesa) and San Juan Mountains (Petersen 
and Mehringer 1976). The absence of lengthy, representative, well-preserved and well-dated local pollen records, inhibit the effective use of palynological analysis in the area. Sampling of woodrat middens has been done on a limited basis, but no analysis of temporally representative middens has been done and not enough information is available to develop detailed paleovegetation community information. Pippin (1987) and, especially, Roler (1999) are comprehensive studies of the middle Rio Puerco Valley archaeofaunas but paleoenvironmental faunal analysis has not been conducted in the immediate area. Several studies of alluvial sediments have been conducted (Bryan 1928; Love et al. 1982; Nials 1972), however; and dendroclimatic data for the years A.D. 800 to 1970 has been calculated (Rose 1979). Because of the types of data available, paleoprecipitation patterns are derived primarily by dendroclimatological reconstructions, and prehistoric geomorphologic processes are inferred from examination of sediments in various depositional environments (Chapter 3).

Generalized relationships between precipitation patterns and geomorphological process have been established in geological literature (e.g., Chorley, Schumm, and Sugden 1984; Langbein and Schumm 1958; Schumm 1965). The nature and extent of these relationships are critical to understanding cultural response to environmental change. A model relating paleoprecipitation patterns and erosion will be presented and potential effects of paleoenvironmental change on Anasazi agriculture will be discussed.

Setting
The Rio Puerco, which, from its great length upon the maps, we had conjectured to be a flowing 
stream of some importance, we found to contain water only here and there, in pools - the water 
being of a greenish, sickening color, and brackish to the taste. The width of its bottom, which is a 
commixture of clay and gravel, is about one hundred feet. Its banks, between twenty and thirty 
feet high, are vertical, and had to be graded down to allow the artillery and pack animals to cross 
them. The six-pounder had to be unlimbered and dragged up on the west side by men at the 
prolongas (Lt. J. H. Simpson, daily journal for August 24, 1846; Simpson 1850).

The middle Rio Puerco Valley study area is located on the southeastern margin of the Colorado Plateau between Mesa Chivato and Mesa Prieta (Figure 2.1). Precipitation averages approximately 25 mm per year, with the majority occurring in the summer as intense
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convectional thunderstorms. Mean annual temperature is approximately 6.7° C (Folks and Stone1968).
Bedrock consists primarily of alternating Mesozoic sandstones and easily eroded sandy shales (Chapter 3). Tertiary basalts form a cover on Mesa Chivato and Mesa Prieta (Crumpler 

1982). Pleistocene erosion has locally produced rugged topography characterized by sandstone 
and basalt cliffs separated by lower slopes on the easily eroded shales. In addition, numerous volcanic plugs and dikes are present. Episodic valley erosion is reflected by multiple terrace and pediment surfaces.

Pleistocene terrace surfaces are typically capped with basalt-dominated gravels. Valley- bottom alluvium merges with fan and slopewash deposits near the margins of the valley. Severe 
modem erosion has dissected Holocene deposits, and arroyos 5 to 15m deep are present in most valley bottoms. Dissected Holocene alluvial deposits form a terrace along the Puerco and its major tributaries.

Potential Causes of Arroyo-Cutting
A reader of the prodigious arroyo literature may be justifiably perplexed by the shifting currents of 
conflicting arguments, the discharge of unsubstantiated assertions, the pools o f controversy, and the shoals 
of abandoned hypotheses (Cooke and Reeves 1976:15).

Landforms are an expression of the land-surface response to climate-driven geomorphic processes and gravity. Given sufficient time under a uniform climate, landforms will attain a condition of equilibrium between surface materials (bedrock, regolith) and prevailing climatic parameters. Bedrock in the study area contains a high proportion of relatively impermeable sandy shale which provides little resistance to surface change and supplies unusually large amounts of runoff and sediment to valley bottoms. Valley-bottom sediments contain few gravels and are easily eroded and shaped by running water. As a consequence, details of many alluvial landforms in valley bottoms are relatively non-resistant and respond rapidly to climate change within graded or steady time spans (Schumm and Lichty 1963; Trudgill 1976). These “details” 
include arroyos. Although “climate” encompasses many factors, present data from the Rio Puerco Valley is inadequate for accurate evaluation of prehistoric climatic parameters other than precipitation.

Uniformitarianism has provided the basic underpinning for the development of most concepts of prehistoric arroyo evolution. The near ubiquity of modern arroyos in the Southwest and the intensity with which they have been examined since the turn of the century has produced a wealth of data to serve as paradigms for arroyo formation. The use of modern arroyos as models of prehistoric arroyo development, however, is complicated, if not compromised, in most instances by one critical factor: Prehistoric and historic land use patterns differed markedly in nature, intensity, and location. Although numerous disparate mechanisms have been cited as “the cause” of modern arroyo-cutting, few investigators would completely eliminate human intervention as a potential factor in arroyo initiation. Despite the limitations of using modern arroyo-forming mechanisms as a model for prehistoric arroyos, the wealth of modern environmental data and the relative paucity of comparable prehistoric data demand consideration of modern arroyos.
“The nature and causes of arroyo formation have been a matter of concern and debate for many years among interested individuals in such disparate fields as geology, range management, archaeology, and climatology” (Cooke and Reeves 1976:vi). Typical investigation concerns have
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included the date of arroyo inception, relationships between arroyos and various environmental elements, and the mechanics and rates of erosion. Despite the intensity of study, however, 
investigators have arrived at different, often conflicting conclusions about virtually all aspects of 
arroyos. Cooke and Reeves (1976) have provided one of the more comprehensive and insightful syntheses of arroyo-related literature. Their investigation of arroyos was focused primarily on 
southern Arizona and California. Although these areas are climatically different from central 
New Mexico, many of their findings are pertinent to this study, and their book was relied upon extensively in the preparation of some portions of this chapter. As summarized by Cooke and Reeves (1976:6), most explanatory hypotheses of modem arroyos fall into one of three categories:

1) human landuse changes;
2) random environmental variations; and
3) secular climatic changes.

Human Landuse Changes
There is widespread agreement that human modification of modern vegetation, surface sediments, and soils through overgrazing, farming, deforestation, and the presence of roads and trails have all played a role in arroyo formation (Antevs 1952; Bailey 1935; Cooke and Reeves 1976; Cooperrider and Hendricks 1937; Dodge 1902; Duce 1918; Leopold 1951, 1976; Melton 1965; Rich 1911; Thomthwaite et al. 1942). There is also general agreement that farming was a widespread prehistoric practice and that prehistoric peoples constructed and maintained roads and trails in northwestern New Mexico. Some investigators believe that prehistoric occupants may have also deforested some areas of northwestern New Mexico (Betancourt and Van Devender 1981). There is question, however, about the impact of these activities on the formation of prehistoric arroyos in the Rio Puerco Valley.
Although prehistoric residents of the middle Rio Puerco undoubtedly created and used roads and trails, only limited evidence of such features has been recognized. In the few instances where prehistoric roads have been recognized, there is no apparent relation to prehistoric or modern arroyos (Obenauf 1983). Prehistoric agriculture in the valley appears to have been relatively non-intensive. Documented prehistoric water-control features are of types that would foster soil conservation and enhancement of vegetation rather than erosion and vegetation 

destruction. In addition, there is no evidence and little likelihood of large-scale human-caused deforestation in the area, and grazing was not practiced prehistorically. It appears that prehistoric Puerco Valley occupants did not have the capability for extensive destruction of vegetation except by fire. Evidence of widespread burns in the Salado Creek (south) and Tapia Creek drainages has been found, but only in pre-Puebloan alluvial deposits. Evidence of most of these apparently large-scale burns is preserved in paleoarroyos, indicating that the burning occurred after arroyos formed, and not before, perhaps because of the desiccative effects of the arroyos themselves. There is no evidence to suggest that the fires were human-related, nor is thereevidence of widespread burning in the valley during Puebloan occupations, when population was greatest.
In summary, human landuse changes have undoubtedly affected the modern runoffregime and influenced the formation of arroyos. While it is possible that prehistoric activitiesmay have similarly affected the prehistoric environment, no testable evidence has been found thatsuggests human activities contributed significantly to prehistoric arroyo-cutting in the Rio Puerco drainage basin.
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Random Environmental Variations
Random environmental variations form a set of possible explanations of prehistoric 

arroyo incision that cannot be tested except by inference. Cooke and Reeves (1976) describe four such mechanisms: 1) floods and unusual storms (Gregory 1917; Hunt et al. 1953; 
Thornthwaite et al. 1942; Wooley and Alter 1938), 2) differential flows through the drainage net 
(Dellenbaugh 1912), 3) disadjustments in longitudinal profiles (Schumm and Hadley 1957), and 4) lateral shifts in channel positions (LaMarche 1966). Of the listed mechanisms, floods and unusual storms are most likely to have been a factor in the formation of prehistoric arroyos in the 
middle Rio Puerco Valley, but they are difficult to document with available data.

Numerous investigators have stressed that floods and unusual weather patterns had a role in the initiation of some modem arroyos and have affected prehistoric cultures (Gregory 1917; Hunt et al. 1953; Kennan 1917; Nials et al. 1979, 1989; Thornthwaite et al. 1942; Woolley and Alter 1938). Floods may serve to initiate arroyo formation in two primary ways: direct erosion by floodwaters, and by covering valley bottoms with a thick mantle of sediment that kills valley- 
bottom vegetation, thus facilitating future erosion. Hunt et al. (1953) cite the example of a huge arroyo developing literally overnight as a result of a single storm in the Henry Mountains of 
Utah. Similarly, Kennan (1917) described the effects of floods that occurred along the New and Alamo Rivers in California in 1906 where more than 400 million cubic yards of sediment were eroded in a period of nine months. These floods produced more than 15,000 acres of deep channels, removing nearly four times as much sediment as was removed in the Panama Canal (Cooke and Reeves 1976). Large El Nino-related floods appear to have decimated prehistoric populations in coastal Pem (Nials et al. 1979), causing downcutting that rendered most irrigation systems in the valley inoperable. Large prehistoric floods in the Salt River drainage of Arizona (Nials et al. 1989) similarly affected prehistoric irrigation systems in that area. Individual large 
floods have been observed along unentrenched tributaries of the Rio Puerco that covered valley bottoms with a thick mantle of alluvium, killing vegetation and setting the stage for future erosion.

Floods and unusual weather patterns have unquestionably played a part in causing major erosion episodes; it remains to be demonstrated, however, that all arroyos are related to similar events. Unfortunately, individual floods are not readily amenable to detection in the paleoenvironmental record in many instances. Some spectacularly large floods, e.g., the Spokane Flood, and some weather-induced floods, may be recognized by such evidence as the distribution of slack-water sediments, trim lines, and transported boulders at elevations well above the valley bottom (Baker 1973; Patton et al. 1979; Patton and Dibble 1982). Such features are only occasionally preserved in an erosional regime, however. Unfortunately, preservable geologic evidence of most paleofloods may be almost as ephemeral as the floods themselves.
Tree-ring records may allow one to recognize increased probability of paleofloods under certain conditions (Nials et al. 1989). This is complicated, however, by the fact that an intense individual storm may produce huge amounts of runoff, but the portion that infiltrates and becomes available for tree growth may be minimal. Because of this and other physiological factors, recognition of random individual floods from dendrochronological evidence is tenuous, and calculation of magnitude is impossible.
In the absence of geological or dendroclimatological data, the evidence for paleofloods is circumstantial and inconclusive. It seems unlikely that major arroyo-causing floods would occur simultaneously over very large areas, though El Amo-related storm systems are feasible. This premise led Thornthwaite et al. (1942) to conclude that the apparently random temporality of
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periods of erosion in the Polacca Wash drainage was the product of intense storms. In contrast, however, the presence of a widespread “alluvial chronology” (Haynes 1968) in the Southwest 
suggests a more pervasive climate-related cause or causes.

It is possible to say that certain types of precipitation are more likely to be intensive, resulting in flooding. For example, in the Rio Puerco basin, modem summer rainfall is generally more intense than winter precipitation. Seasonal precipitation can be reconstructed from dendroclimatological evidence, but seasonal changes are more appropriately associated with 
secular changes in climate, discussed below. With further study, it should eventually be possible in some instances to track the progress of isolated unusual storms or storm groups such as those 
produced by an El Nino event.
Secular Climate Change

If there is any single question in hydrology in greatest need of an answer, it might be this: How 
great a change in what climatic factors is needed to change by a measurable amount production of 
water and sediment from a basin (Leopold 1976:557)?
Secular climate change, referring to change that persists over a period of time, is one of 

the most frequently cited mechanisms for the formation of arroyos. Demonstrable, long- established hydraulic equations (Chow 1959) and relationships between climate and vegetation (Schumm 1965); vegetation, discharge and sediment yield (Langbein and Schumm 1958;Schumm 1965); discharge and erosive capability (Chorley, Schumm, and Sugden 1984; Leopold. Wolman and Miller 1964; Ritter 1978); and climate and channel form (Schumm 1968) all clearly indicate the potential for climate-induced erosional cycles. The lack of evidence that activities of prehistoric peoples in the Rio Puerco Valley were of sufficient import to initiate arroyo-cutting suggests the involvement of climatic factors. The question then becomes: What type o f climate change can initiate arroyo-cutting? As summarized by Cooke and Reeves (1976), three types of 
change are most frequently cited as possibilities. These are increases in available moisture, decreases in available moisture, and variations in rainfall intensity.

Increases in Available Moisture
In an early Arizona study, Huntington (1914) suggested that increased available moisture would increase vegetation, reduce sediment yield, and produce streams relatively devoid of sediment load. The stream, in an attempt to establish new conditions of quasi-equilibrium, would erode its channel. Martin (1964) also believed that erosion periods may have been wetter than usual in Arizona. More recently, Hall (personal communication 1984) suggested that increased precipitation was responsible for erosion in the Chaco Canyon area, but the exact nature of the increased precipitation was left unclear. In general, however, the idea of increased available moisture as a mechanism of arroyo formation has not been well-accepted (Cooke and Reeves 1976).

Decreases in Available Moisture
This idea, perhaps most clearly stated by Bryan (1928, 1941, 1954), is a part of the basis of the precipitation effectiveness model discussed at length below. The basic premise is that reduced water availability leads to a decrease in vegetation, which results in increased slope 

runoff and sediment yield. Increased discharge through the valley bottom results in increased water power, and hence, erosion. It is important to note that a decrease in available moisture
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does not necessarily imply reduced precipitation. Changes in the seasonal distribution and/or intensity of precipitation (discussed below) can similarly result in reduced availability of water 
(Schumm 1965).
Variations in Rainfall Intensity

Many climate-related explanations are primarily based on a change in mean annual or weighted mean annual precipitation. Leopold (1951) realized that less obvious changes in precipitation patterns may have similar geomorphic consequences without altering the total annual precipitation value. Using data from New Mexico, he showed that for the period 1850 to 
1930 the frequency of light rains increased, partially matched by a decrease in the frequency of 
heavy rains (Leopold 1951; Leopold et al. 1966). Martin et al. (1961) also state that periods of intense summer precipitation coincided with prehistoric arroyo cutting in southern Arizona.

Which of the factors is (are) most important in a particular area may depend on initial pre-arroyo conditions. Schumm (1965), for example, argues persuasively that, depending on the initial condition, either increased or decreased effective precipitation can increase sediment yield. It may well be that available paleoenvironmental data are simply inadequate to detect the actual causative mechanism(s). In summary, the causes of arroyo formation are still a matter of debate, and each of the factors described above may have played a role in the formation of arroyos in 
given situations. In the following sections we have attempted to test one possible explanation of arroyo development based on the effectiveness (availability) of precipitation. A model to test this explanation was constructed using dendroclimatic data, and results were evaluated by comparing model predictions with modem dendroclimatic data and the alluvial chronology.

Dendroclimatic Data
As noted above, precipitation pattern data obtained through dendroclimatological analysis provides an important source of paleoenvironmental information, and precipitation retrodictions 

derived by this method are the basis for all non-geological paleoclimatic inferences used in this study. These data cannot be blindly accepted, however, for there are limitations on the level of interpretation that is possible.
Many environmental variables affect tree growth and ring width that may limit the accuracy of retrodicted climatic calculations. For example, a single intense storm occurring during a prolonged drought, though geomorphologically important, may not be reflected in the growth rings of the tree because most of the precipitation runs off and is unavailable for uptake by the trees (Fritts 1976:230). Physiological responses of the trees might similarly limit accuracy. For example, if the amount of food available for tree growth has been reduced by a protracted period of drought, subsequent “wet” years might produce narrow rings even though temperature and moisture are not limiting factors (Fritts 1976:230-231). In addition, numerous constraints other than water and temperature may affect tree growth, e.g. substrate type, topography, elevation, cloudiness (Fritts 1976:207-245). Some variations in precipitation intensity not related to seasonal distribution of precipitation may not be detectable using tree- rings. These examples emphasize the point that there is not necessarily a one-to-one relationship between tree-ring width and precipitation.
Dendroclimatic data used here were prepared by the University of Arizona Laboratory for Tree Ring Research (Rose 1979). Four areal reconstructions were prepared by Rose. This analysis utilizes data from the Southwest Mountain region, the area geographically and 

geomorphologically closest to the Rio Puerco Valley research area. The data consists of annual
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and seasonal precipitation calculations for the period A.D. 900 to 1969. Seasonal data is broken into three four-month seasons for each year: spring, winter, and (prior) summer, to avoid the “masking” problem associated with using annual data. Precipitation values were derived using 
the procedure referred to in Rose et al. (1981:107-108). This procedure improves upon previous techniques by deriving independent variables from a grid of monitoring stations across a region. The judicious use of multivariate statistical procedures allows control of as much variation as is possible, and the predictive equations (response and transfer functions) are measurably more 
accurate.

In dendroclimatological analysis, a regression model is used to predict (retrodict) specific 
climatic parameters. These predictions are compared with tree rings from areas having documented weather data to estimate the reliability of the regression model (Fritts 1976; Rose et al. 1981). The statistics used for calculation explain only a portion of any variation that may occur, although a statistically significant portion. In this study it was therefore assumed that retrodicted precipitation figures indicate general trends and not exact values. At the interpretative stage, it should be noted that retrodictive precipitation figures should tend to err in the direction of under-representation, i. e., large-magnitude precipitation events will tend to be under-represented in the tree ring record. With these limitations and potential sources of error in mind, it is possible to consider the relationship between retrodicted precipitation and sedimentation patterns in the middle Rio Puerco Valley.

Effectiveness of Precipitation as a Potential Factor in Erosion
The availability of precipitation for infiltration and plant uptake are factors in the erosion of sediments. This availability, “effectiveness,” is controlled, in part, by seasonal distribution and intensity of precipitation. Two contrasting simplistic conditions of the effectiveness of precipitation may be visualized. In each of these hypothetical conditions it is assumed that initial total annual precipitation and temperature are similar to those of today.
In the “effective” precipitation condition, precipitation is less intensive, perhaps distributed more uniformly throughout the year or somewhat more winter-dominant than present, and runoff is reduced in quantity. Because less precipitation is lost to runoff, vegetation can more effectively utilize the precipitation that does occur, and plant cover would be relatively increased, further retarding the rate and quantity of runoff.
Under conditions of limited runoff, a large proportion of the sediments eroded from slopes are transported only to the base of the slopes and a short distance beyond. There, reduced gradient and consequent loss of energy and water results in deposition of most sediments on alluvial fans and/or mantles of slopewash deposits. Only the finer-grained components will be transported to larger streams or central areas in larger valley bottoms, and the sediment load of streams would have a high proportion of suspended sediments and limited bedload. Hydrographs of streams would show a somewhat more protracted runoff period with a relatively lower peak 

flow (Figure 4.1 A). Reduced peak flows would result in less erosion of the stream channels, and any arroyos which might have been present initially would theoretically gradually become choked with sediment and “heal”, although some form of shallow channel would probably be present at most, if not all, times. If this precipitation pattern were to continue for a protracted period of time, the valley bottoms would slowly accumulate a layer of clay-rich sediments having the characteristics of overbank deposits.
Under conditions of “ineffective” precipitation, rainfall patterns are visualized as intensive, probably summer-dominant rainfall and large amounts of runoff. More of the

42



precipitation that falls is lost to runoff and evaporation, consequently less is available for plant growth, and vegetation cover would be reduced, except locally in valley bottoms. Reduced vegetation cover and higher runoff from slopes would result in increased sediment yield. 
Relatively coarse sediments would be deposited well out onto the valley bottom prior to initiation 
of arroyo-cutting. Locally, tributary streams might deposit large amounts of sediments at their confluence with the master stream and some drainage adjustment might result. Runoff would 
become better integrated and a higher proportion of coarse sediment would be transported into 
the stream system rather than deposited locally. Sediment load in streams would show a relative increase in bedload to suspended load.

Fan-head trenches would be emphasized, and valley-bottom erosion would tend to be localized along vertical-walled, flat-bottomed arroyos. The arroyos provide a conduit for rapid removal of water, and hydrographs would show a relatively reduced period of flow with increased peak flows (Figure 4. IB). If this precipitation pattern were to continue for a protracted period of time, arroyos would dissect most or all valley bottoms, and eventually flush previously accumulated alluvial sediments from the valleys.

Figure 4.1. Hypothetical hydrographs showing the effects of arroyos on discharge distribution in an arid environment, (A) prior to arroyo formation, and (B) after arroyos form (modified fromChorley etal. 1984:553).
Precipitation Effectiveness Model

A simple model based on dendroclimatic precipitation retrodictions was prepared to examine the hypothetical effective and ineffective precipitation models described above as a possible mechanism in the initiation of arroyos in the middle Rio Puerco Valley area. The intent 
of this exercise is to test the postulated effective/ineffective precipitation geomorphic response by explicitly modeling the implications of the explanation that apply to precipitation patterns.

Because rainfall occurring in different seasons may have markedly different effects on surface geology and vegetation, seasonal precipitation data was the primary focus of analysis (Chorley et al. 1984; Leopold et al. 1966; Schumm 1965). Precipitation averages approximately
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25 mm per year, with the majority occurring in the summer as intense convectional thunderstorms (Folks and Stone 1968). Modern winter precipitation in the Rio Puerco Valley tends to occur in small quantities, is non-intensive in character, is typically produced by frontal storms, and occasionally falls as snow (Tuan 1966; Tuan et al. 1973). Spring precipitation likewise tends to be low-volume, non-intensive, typically produced through frontal storms, and 
seldom produces significant quantities of snow. Conversely, summer precipitation usually occurs as intense convectional thunderstorms, which are often heavy and produce rapid runoff 
(Gillespie 1985:14-19). These conditions fit the ineffective precipitation condition described 
above.

Because of the similarity in character of winter and spring precipitation, and because they induce similar vegetation responses, the two seasons were combined for purposed of this analysis. If one assumes that prehistoric seasonal precipitation intensities were similar to modern conditions (an admittedly dangerous assumption, e.g., Leopold et al. 1966), winter/spring precipitation would have been “effective,” non-intensive moisture, whereas summer precipitation would have been more “ineffective.” Basic statistics were first computed on annual, summer, and winter/spring precipitation for the 460-year period, A.D. 900 to 1359 (Table 4.1). The histograms of these three variables indicate that the precipitation values are normally distributed. 
This is also evident from the summary statistics; means and medians are virtually identical for each of the three variables (Table 4.1). Thus, the long-term mean was considered to be a valid statistic in the modeling process.

Table 4.1. Summary statistics on Southwest Mountain Region dendroclimatological data,A.D. 900 to 1359.

Annual Summer Winter Spring
Winter + 

Spring
N 460 460 460 460 460
Mean 11.3 5.4 2.5 2.5 5.0
Standard Deviation 1.94 .88 .58 .73 1.24
Median 11.3 5.4 2.5 2.5 5.0
Minimum 6.3 3.2 0.8 1.0 1.9
Maximum 16.9 8.1 4.1 4.9 8.2
Range 10.6 4.9 3.3 3.9 6.3

In the second phase of model construction, a precipitation effectiveness index (PEI) was calculated for each year based on deviations from the mean for each of the two seasons. The PEI formula is:
PEI = (Summernican- Summervalue) + (WinterSpringvaluc - WinterSpringmea„)

PEI = (5.42 - Summerva|ue) + (WinterSpringva|ue - 5.00)
Large summer precipitation figures result in a negative value for the left term of the PEI equation, whereas low winter/spring precipitation results in a negative value for the right term. A negative value in either term is interpreted as indicating ineffective precipitation conditions. 
Conversely, low summer precipitation results in a positive value in the left term of the equation, and large winter/spring precipitation figures result in a positive value for the right term. Positive values in either term are interpreted as indicating effective precipitation. When the entire
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equation is calculated, a negative PEI indicates ineffective precipitation, conditions theoretically 
favoring arroyo formation, whereas positive PEI values indicate effective precipitation. The precision implied by the index magnitude is not meant to be interpreted literally, but rather as an increasing tendency toward a particular condition.

Figure 4.2 shows calculated PEI values for the 450 years from A.D. 900 to 1350. Trends in the data are apparent, but the high-frequency variation makes interpretation difficult. To simplify detecting trends of various frequencies, the values were smoothed 60-year spline 
smoothing function (Figure 4.3). In both time series plots (Figures 4.2 and 4.3) the y-axis is relative; above zero is effective precipitation and below zero is ineffective precipitation.

Examination of alluvial stratigraphy (Nials 1972) shows the presence of several generations of paleoarroyos that overlap the modeled time frame. Paleoarroyos are documented at several localities on tributaries to the Rio Puerco that date to the 11th century. A paleo-piping vent is exposed in the wall of Tapia Creek. The depth of the vent suggests a shallower arroyo than present-day Tapia Creek, perhaps 3m to 4m in depth. An Anasazi structural site was located on the edge of the former vent and trash from the site was deposited in the vent, almost completely filling it. This trash represents the earliest ceramics from the site, and has a Mean Ceramic Date of AD 1033 (AD 1017 to 1055). It seems unlikely that a site would have been 
constructed within a meter of a piping vent more than 2 m in diameter and 3 m deep. The fact 
that the vent is filled with some of the earliest trash from the site suggests that the vent developed shortly after construction of the site.

A second erosional period, dated by archaeologic associations in the northern part of the study area, appears to have started ca. A.D. 1175 to 1200. This set of paleoarroyos appear to have persisted until at least some time in the fourteenth century, when infilling of at least some paleochannels is thought to have occurred. It must be emphasized, however, that arroyos may have been locally present at virtually any given time, especially in the tributaries, because of unique local conditions. These were probably relatively localized features.
The model appears to conform quite well to the alluvial chronology during the model time frame and cannot be rejected on the basis of the geological evidence. Additional, and thorough, dating of paleoarroyos in the area is required to thoroughly evaluate the apparent conformity of the two sets of data. The assumptions used to build this reconstruction were stated as derived from a geomorphic explanation of arroyo formation based on effective/ineffective precipitation. Because of this inherent bias and the loose confirmation of this model, precipitation effectiveness is suggested as a quite possible causal factor in arroyo formation in the middle Rio Puerco Valley.
Analysis of dendroclimatic data for the modem period, during which arroyos are known 

to have been present since at least the mid-1800s, should provide an additional test of the model. Figure 4.4 presents the smoothed PEI values for the period A.D. 1500 to 1970. The data fit is inconclusive, however, for several reasons. It is extremely difficult to date the initiation of a period of erosion. In addition, the more “smoothed” the data, the greater the possibility that removal of “noise” may have removed evidence of a significant climatic event. Assuming the precipitation efficiency model to be correct, the reconstructed PEI shows that the time most “favorable” for initiation of arroyos should be that period from the mid-1600s to the mid-1800s. Extensive historical documentation indicates the presence of a (presumably) widespread arroyo in the Rio Puerco Valley by the mid-1800s, thus perhaps reinforcing the validity of the model.
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Figure 4.2. Plot of raw Precipitation Effectiveness Indices, A.D. 900 to 1350.

Figure 4.3. Precipitation Effectiveness Indices smoothed with a 60-year spline function.

46



The decades of the 1880s and 1890s are cited by many researchers as the time of initiation of most major arroyos in the Southwest. Those decades are unremarkable in the raw 
PEI data or in any of the forms of smoothed data. One may speculate that the arroyos were initiated earlier and simply exacerbated by grazing, agriculture, and other types of land-use that 
expanded dramatically in the 1880s, or that the modem arroyos are entirely the product of human 
activities. The possibility also exists that the rationale behind the derivation of the PEI is faulty, 
or that the causes of arroyo formation are different for the modem generation of arroyos. Antevs (1952), for example, suggested a climatic origin for prehistoric arroyos, but he believed that 
modem arroyos were the product of man and animals.

1500  1550  1600  1650  1 7 0 0  1750  1800  1850  1 9 0 0  1950

Year, A D.

Figure 4.4. Smoothed PEI values for the period A.D. 1500 to 1970.
In summary, independent evidence tends to support the model during the AD 900 to 1350 period. Results for the recent period are less conclusive, reinforcing the idea that there may be multiple causes of erosion. The effective/ineffective precipitation model is considered to be one way to explain this kind of alteration of the landscape.

Potential Effects of Arroyos on Prehistoric Occupants
The ancient farmer fitted his artificially created agricultural ecosystems into nature and used 
landscape and topography to his best advantage . . . man learned from his natural environment and 
applied what he had observed by imitating nature and sometimes improving on it. This is most 
obvious in the case of runoff agriculture. Most o f the plant associations in the natural desert 
ecosystems live on runoff water. A good observer will notice this and may apply this knowledge 
to grow cultivated plants to his own benefit (Evenari, Sanan, and Tadmor- The N eg ev: The 
C h a llen g e  o f  a  D esert).

The middle Rio Puerco Valley has been occupied by successive populations of Archaic, Basketmaker, Puebloan, and Navajo peoples, and ultimately by settlers of European descent.
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Occupation of the valley has not been static, with uniform populations and settlement loci, but rather seems to have waxed, waned and shifted through time and space. Several episodes of arroyo-cutting appear to have occurred during Puebloan occupation of the valley. Given the effects of arroyos on the environment, these erosional events may have had pronounced effects on subsistence practices, especially agriculture.
Geomorphic features characteristic of erosional episodes are easily discerned, but the 

dating of the inception of erosional episodes is problematic at best, and usually difficult to relate to material culture. The temporally precise nature of dendrochronologic data theoretically should permit more inferential precision in dating environmental changes, including arroyo formation. When coupled with the precise ceramic chronology that has been developed for the area (Chapter 6), this should allow unusually close precision in evaluating any effects on prehistoric subsistence practices. The Precipitation Effectiveness Index (PEI) model presented in this chapter permits evaluation of contemporary cultural and environmental changes that may have occurred. A causal explanation of culture change in the Rio Puerco Valley is not the purpose of this evaluation; the objective is rather to examine perceived cultural and natural changes from a temporally comparable perspective in order to better understand any relationships that may exist.
Several assumptions shaped our view of Puebloan occupation and the effects arroyos may have had on prehistoric activities. We assume that Puebloan subsistence was based primarily on agriculture and on gathering of natural vegetation resources. We assume that all other factors being equal, the Puebloans would have minimized travel distance as much as possible. In times of “favorable” climatic conditions, we assume that the relative abundance of suitable sites may lessen the predictability of site location.
Those natural resources most important to Puebloan site location have been variously considered to be water, vegetation, agricultural lands, construction materials, lithic resources, fuel wood, small and large game, and numerous combinations of these and many others. With limited exceptions, the distribution of all these resources is controlled by the distribution of 

topographic and geologic elements in the landscape. If one assumes that Puebloan subsistence was primarily based on agriculture and gathering of natural vegetation, then examination of the requirements for these activities and analysis of the landscape should allow delineation of areas favorable for site location.
Any agricultural venture has three basic requirements: 1) water, 2) proper substrate, and3) a growing season of sufficient length to allow maturation of crops. In arid and semi-arid

climates, water is usually the limiting factor. The past and present aridity of the Rio Puerco area,combined with a lack of permanent streams, demands reliance on runoff moisture for assuredsuccess of agricultural ventures. Obviously, the more reliable the source of runoff, the morefavorable a site is for farming. In addition, the runoff must be of sufficient volume to meetagricultural demands. Paradoxically, however, sites of relatively abundant moisture, i. e., runoff,are commonly subject to severe erosion and channel entrenchment, so that often the very factorallowing agriculture may at the same time be detrimental to its practice. Farming dependentupon runoff moisture in an area such as the Rio Puerco Valley is risky, and requires an intimate knowledge of the environment.
In the middle Rio Puerco Valley region, areas of runoff concentration are also areas of relatively rapid sedimentation, if not breached by arroyos. As shown in Figures 4.5 and 4.6, 

these locations are also predictable. Although problems are encountered in trying to reconstruct paleovegetation characteristics for site catchment analysis, vegetation density, distribution, and type are generally controlled by many of the same factors governing arability, especially runoff.
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Again, the factors controlling runoff are slope, substrate, and drainage basin characteristics. If both arability and the distribution of natural vegetative resources can be reduced to a function of 
runoff, and runoff is a function of topographic and geologic characteristics of the landscape, then 
let us examine these characteristics of the Rio Puerco Valley.

The Rio Puerco landscape initially seems a sporadic, rugged, sere collection of landforms 
with little order or regularity. Closer observation, however, reveals that the topography of the area is an orderly, precise, and predictable set of landscape elements. Sets of specific processes tend to occur on each of these elements, and the predictability of these processes (Figure 4.5), 
especially those relating to runoff water availability, is presumed to have been a factor in 
prehistoric land use patterns and site locations.

Bedrock in the area consists of relatively flat-lying sandstones and shales. The same basic combinations of slope and bedrock or sediment type are regularly repeated (Figure 4.6). This predictability forms the basis for subdivision of the landscape into what are here called landform-environment classes (LECs). This classification is based on the fact that by using the combination of slope and substrate type, a landscape can be divided into discrete spatial units characterized by specific types and relative amounts of runoff for a given climatic regime (see 
Nials 1974; Rooke 2000).

If the cultural assumptions listed above are correct and the precipitation effectiveness model obtains to the actual climate, it may be predicted that farming strategies would have adapted to changes in climate by shifting location. Depending on the precipitation regime, various segments of the landscape are considered to be particularly advantageous for runoff farming. Under conditions of effective precipitation, larger alluvial fans and the sandy sediments on floodplains of tributary streams would be well-watered and would be more amenable to agricultural endeavors. In contrast, the arroyo incision associated with an ineffective 
precipitation regime would limit water availability on the former floodplain surfaces. Farming would be concentrated in places receiving runoff water, but less subject to dissection. These locations are concentrated on small alluvial fans, and especially at the base of long shale slopes 
that border floodplains (Figure 4.5). The more limited runoff associated with these areas during effective precipitation conditions would make them less suitable for farming during that regime.

As we shall see, the settlement patterning fits this prediction rather well, although the reader is again cautioned that the apparent correspondence of model and evidence does not necessarily mandate a causal mechanism for site patterning. We prefer to think of it in the sense that the model is not disproven and may be suggested as a general model of culture change for this very fluid time in Southwestern prehistory.
The tenth century is characterized in our model as a period of effective precipitation (Figure 4.7). Favorable agricultural locations in this climatic regime should be in areas of water concentration, especially small, relatively flat tributary valley bottoms having a narrow sandy floodplain. These areas, although not numerous, are relatively extensive where they do occur. This prediction appears to be confirmed by settlement patterning in the northern part of the research area. Settlements tend to be clustered; and as site frequency increases, the mean distance between sites conversely decreases (Chapter 9). The areas that are occupied are in the valley bottoms near the confluences of major drainages with the Rio Puerco (Chapter 8).
The eleventh century is characterized as a prolonged period of ineffective precipitation. The increased intensity of summer precipitation postulated as a factor in the formation of arroyos would increase runoff from slopes, especially those underlain by shales, suggesting that locations
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Figure 4.7. Site frequency in the northern part of the middle Rio Puerco Valley study area (dotted line) plotted against the Precipitation Effectiveness Indices (solid line) smoothed with a60-year spline function.
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Figure 4.8. Site frequency in the southern part of the middle Rio Puerco Valley study area (dotted line) plotted against the Precipitation Effectiveness Indices (solid line) smoothed with a60-year spline function.
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at the base of slopes and near the floodplain-slope contact areas would have been successful for farming. These areas tend to be relatively small, but they are widely distributed across the landscape. Small floodplains that had not been dissected would become even more favorable, though perhaps more subject to flooding. With some water management, some portions of 
alluvial fans would become more favorable. Arroyo formation would progressively diminish the number of areas suitable for agriculture. Some dispersal of sites would be expected into lands 
more suitable for agriculture under an ineffective precipitation regime. Dispersal would also be 
expected as replacements are found for plots destroyed by erosion. The observed settlement pattern again shows striking accord with predictions (Figure 4.7). An increase in site frequency occurs during the eleventh century, while mean distance to nearest site also increases (Chapter 9). Settlement is thus dispersed over a wider area (Chapter 8), possibly utilizing the larger number, but smaller size, of areas favorable for farming in a regime of ineffective precipitation.

In the twelfth century the trend is again toward increasingly effective precipitation, but site frequency experiences a drop from peak site frequency (Figure 4.7). A possible explanation is that this precipitation pattern results in decreased runoff and would lessen the suitability of the basal slope and floodplain margin areas for farming, resulting in their eventual abandonment and 
re-aggregation around the floodplains as they again became farmable. During this period the southern part of the research area shows a continuing upward trend in site frequency (Figure 4.8). The south is characterized by only one major tributary stream, Salado Creek, and occupation of the region is focused on this drainage. A wide variety of landform environments occur along the Rio Salado, however; and it is thus not surprising that the site frequency continued to increase through the differing precipitation regimes.

A second peak in site frequency in the northern part of the research area occurs in the thirteenth century. The increase is again correlated with the beginning of another period of ineffective precipitation. The most suitable agricultural areas would have again been in less extensive but more widely dispersed areas at the base of slopes and near the floodplain margins. 
This period of ineffective precipitation lasts through the end of the occupation of the region in the late thirteenth century, and it is difficult to avoid the conclusion that environmental and climatic degradation was at least partially causal in the abandonment of the valley.

Conclusions
Arroyos are significant landforms in most Southwestern valleys. Despite their ubiquity and the amount of study focused on their origin, much remains to be learned about the mechanisms that foster their initiation. Numerous studies have shown that a variety of factors may play a part in arroyo initiation. Because of the complexities involved and the problems of dating the initiation of an erosional episode, it is difficult to isolate individual arroyo-forming factors. If climatic factors could be identified and characterized, however, it would lead not only to an increased understanding of arroyos, but would also facilitate archaeological interpretations of prehistoric settlement and land-use patterns.
The model of arroyo initiation presented in this chapter is based on the postulate that the relative effectiveness of precipitation plays a major role in the formation of prehistoric arroyos in the middle Rio Puerco Valley. The model theoretically tests, albeit crudely, the hypotheses that a change in available moisture or a change in intensity of precipitation may have caused arroyos to form. Dendroclimatic data provides the basis for paleoprecipitation reconstructions. Despite the limitations inherent to interpretation, dendroclimatology provides the most precise, comprehensive, continuous data set available at the present time, and is the only method that allows interpretation of seasonal paleoprecipitation.
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Examination of modeling results (PEIs) shows striking correspondence between predicted periods of ineffective precipitation and dated paleoarroyos — when the dendroclimatic data is smoothed by a long-term year running average. Correspondence with the raw PEI distribution, or with distributions smoothed by higher frequency filters, is less clearly defined. The possibility must be entertained that one or more large floods, perhaps undetectable in the dendroclimatic record, exceeded the erosion threshold and initiated arroyo formation.
As an additional test, the model was applied to modem arroyos in the area. 

Correspondence with historic arroyo-cutting is inconclusive. A variety of explanations are possible. The modern arroyos may be predominantly the product of historic land-use activities, including overgrazing, farming, and creation of roads and trails in the valley bottoms. Alternatively, the model may not explain modem arroyos either because the assumptions behind the model are faulty or climate has changed in some manner not detectable in the data.
The model offers a clear demonstration of the response of prehistoric occupants to some elements of paleoclimate and provides an explanation of observed archaeological site distribution and frequency patterns. Increased site frequency and dispersal occurs during periods of ineffective precipitation as floodplains are destroyed by erosion and manageable runoff is concentrated at the base of slopes. Sites tend to be more closely aggregated in locations suitable for utilization of narrow floodplain environments during periods of effective precipitation.
Although this particular model conclusively answers few questions, it demonstrates the efficacy of the method and provides encouragement and direction for future efforts. In addition, it gives further demonstration of the utility of dendroclimatological data in archaeological investigations.
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CHAPTER 5
TYPOLOGICAL ANALYSIS OF CERAMICS 

FROM THE MIDDLE RIO PUERCO OF THE EAST
by

Winston B. Hurst
This chapter reports the methods and findings of a typological rough sort of 238,115 potsherds from approximately one thousand sites in the middle Rio Puerco Valley. The rough 

sort provided the raw database from which the temporal seriation and classification of all ceramic assemblages in the valley were derived and will therefore be discussed in detail. In Chapter 2, 
Baker has briefly described other ceramic analyses initiated during the history of the Rio Puerco Valley Project (RPVP). Those analyses were conceptually and methodologically unrelated to the 
rough sort and will not be discussed here.

Introduction
When carefully applied, a traditional typological approach seemed the most practical and efficient strategy for generating a suitably precise temporal ordering of a maximum number of assemblages, for several reasons. First, various studies, including attribute studies of Rio Puerco pottery, had demonstrated the usefulness of traditional typological data as an indicator of relative and (via chronometric associations) absolute age (e.g., Dunnell 1982:196). Furthermore, the work of Matson and Lipe (1977) in southeastern Utah had shown the potential for successful fine-grained mathematical seriation of typological data. On the other hand, attribute analyses had 

proven enormously costly in analysis time and produced unwieldy, “noisy” data sets. Second, although the literature on Southwestern pottery types is confusing, imprecise and contradictory, the confusion seemed to be more the product of incautious scholarship than of unsurpassable complexity in the variability of the pottery itself. Buried beneath the chaotic morass of published verbiage lay a universe of real pottery whose variation did lend itself to relatively straightforward and temporally sensitive typological classification. Third, the typological approach to the classification of native Southwestern ceramics is most useful as a tool in the pursuit of the traditional time-space distributional questions for which it was explicitly developed. When 
cautiously applied, it addresses these questions with considerable success. Since the development of a good temporal framework was our primary objective, our aims were not incompatible with those of the thirties (cf. Dunnell 1978:196). Finally, since the vast bulk of published literature on the prehistoric Southwest utilizes traditional ceramic typological language, this approach was expected to facilitate extra-regional, culture-historic comparison and 
discussion.

This chapter attempts to present information essential to the evaluation, replication, and comparison of the seriated data and the conclusions which we have drawn from the results of the 
seriation. Because typological data are qualitatively generated, their replicability is dependent upon clear and concise definition and upon communication of classificatory criteria and their implications. Unfortunately, clear explication and consistency have not been characteristic of all published discussions of Southwestern ceramic typology. In order to enable some degree of compatibility with published literature, this chapter begins with definitions of essential terms and concepts and is followed by summary descriptions of the various ceramic types and sorting categories utilized in this study. The chapter concludes with a traditional, ceramics-based, culture-historical summary of the middle Rio Puerco Valley.



Definitions and Organizing Concepts
In order to simplify and facilitate the following discussion, it is useful to first define basic 

terms and concepts which will be used repeatedly throughout the chapter.
As utilized in the American Southwest, a ceramic type is a named, classificatory category 

which encompasses all pottery specimens that share a specified combination of features, traits or 
qualities, such as design motifs, design layout, surface treatment, paint properties, paste 
properties (color, texture), “temper” additives, etc. There is no standard set of variables used in all type definitions, nor is there a standard hierarchy of priority among the variables. Different types are defined with emphasis on different variables, and some types encompass much more variability than others. In the absence of any standardized criteria for differentiating or describing ceramic types, there has evolved a mosaic of hundreds of variously defined and variably inclusive or restrictive types, often with blurred and imprecise typological boundaries. Types are named using a standard format, prefixed with the name of a type locality and suffixed with a ware description (McElmo Black-on-white, Kana'a Gray, Wingate Polychrome, etc.).

The term ware is used in this report in three different ways, with reference to a very 
general functional or technological category, a specific technological tradition from a specific production area, or a broad morphological grouping with evolutionary/temporal significance. In its most loose and general usage, a ware is a very broad and generalized functional or descriptive category, such as “culinary ware” versus “service ware,” or “grayware” versus “whiteware” versus “redware,” etc. This usage contains no implicit information regarding age or geographic/cultural origin.

In its most formal usage, the term “ware” is part of a name for a defined grouping of ceramic types, generally an evolutionary series of types which share certain properties indicative of a common area of manufacture. Examples are “San Juan Redware,” “Tusayan Grayware,” 
“Cibola Whiteware,” etc. Formal wares represent broad technological categories and large areas of production. Such a ware is generally defined on the basis of physical attributes which are characteristic of the property of a specific geographic region, such as temper, paint type, etc. A given production area generally produced more than one ware at the same time. In the northern San Juan (“Mesa Verde”) culture area, for example, the various recognized pottery types are grouped into several wares, including “San Juan Redware,” “San Juan Whiteware,” and “San Juan Grayware,” each encompassing a series of temporally sequential types. At any given time, a production area was generally producing one or more grayware and whiteware types, and sometimes one or more redware types as well. Formally named wares in the Four Corners area represent broad cultural affiliations such as Navajo or Hopi, and in the case of prehistoric Anasazi wares, broad subcultural/geographic regions.

The major Anasazi ceramic production regions are: 1) the northern San Juan or Mesa Verde, encompassing the right-bank of the San Juan River and its tributary drainages between the Animas River and the Colorado River; 2) the Kayenta or Tusayan, encompassing the left banks of the San Juan and Colorado Rivers and their tributary drainages between Chinle Wash and the Little Colorado River; the Chuska Valley, encompassing the slopes of the Chuska Mountains and the lower Chaco River drainage; and the Cibola, encompassing the rest of the San Juan Basin of New Mexico south of the San Juan River and adjacent areas of the Rio Grande and upper Little Colorado River drainages. The middle Rio Puerco of the East lies within the Cibola area, and the dominant types treated in the following discussion are those of the various Cibola-area wares, especially the Cibola Whitewares.
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Finally, the term whiteware is used here in combination with the modifiers “early,” 
“intermediate,” and “late” to refer to three very general morphological groupings of whiteware types. Early whiteware refers to the painted and unslipped pottery of the Basketmaker 111 and 
early Pueblo I periods from throughout the Anasazi world. It is characterized by the visibility of 
temper particles in the unslipped surface, and an unslipped surface which may have a satin or glossy polish or no polish at all. Temper varies from coarse and irregularly protruding on the Lino Style types (see below), to relatively uniform and evenly gritty in the polished or unpolished surfaces of White Mound Black-on-white, to fine and subtly visible in a velvety, smoothly 
polished surface in such types as Kiatuthlana and Red Mesa Black-on-white. Rims are tapered and either squared or rounded. This definition is inadequate because all of the above traits can 
occur on intermediate whiteware as well, and we are unable to objectively define how these later variations differ from the earlier ones. As a poor substitute for a meaningful definition, we can say that early whiteware is a generic category which encompasses those materials which, even in the absence of painted design, experienced Southwestern ceramists will recognize as representing the Basketmaker III and Pueblo I periods, before the advent of slipping. Intermediate whiteware is a broadly generic category encompassing the various narrow-medium wall (3 to 6 mm), tapered rim, variably finished pottery which is typical of the Pueblo II and early Pueblo III periods. Late whiteware refers to the thick-walled types with bluntly rounded or squared rims which come to dominate Anasazi assemblages in most areas after A.D. 1250, and some areas during the A.D. 1100s. In general, late whiteware encompasses McElmo and Mesa Verde Black- 
on-white and a host of morphologically similar types, such as late Cebolleta/Kowina Black-on- white and late Socorro Black-on-white from the southern Cibola and middle Rio Grande areas, Vallecitos Black-on-white from the Jemez area, and Galisteo Black-on-white from the Santa Fe area.

Perhaps the most useful but least used organizing concept in the study of Southwestern ceramics is the concept of design style (Colton 1953; Colton and Hargrave 1937:14; Sullivan 1984:82). As used here, style refers to a limited range of recurrent design or form properties that are recognizable macroscopically, may vary independently of technological properties which 
define wares, and may crosscut production areas and therefore wares. Grayware styles refer to vessel form and plastic manipulation of the vessel surface, whereas styles in the painted wares refer to graphic design, defined by motif arrays and layouts. Styles are generally temporally sensitive, just as wares are indicative of production areas. It is useful, therefore, to visualize the universe of Anasazi ceramics as a two-dimensional matrix within which each type represents a specific combination of ware and style. For example, the type “Cortez Black-on-white” encompasses all specimens having the technological properties which identify San Juan Whiteware, and a graphic design utilizing the motifs and organizational principles of the Red Mesa style, which was utilized on whiteware pottery from various production areas during the tenth century. At the same time that Cortez Black-on-white was being produced in the Northern San Juan area, the Red Mesa style was being utilized on the Cibola Whiteware type Red Mesa Black-on-white in the San Juan Basin and adjacent areas, the Tusayan Whiteware type Wepo Black-on-white in the Kayenta area, and other types in other areas. Throughout the Four Corners area, the types decorated in Red Mesa style during the tenth century were replaced by types decorated in the generalized Dogoszhi and Sosi styles during the eleventh century. Design styles thus constitute relatively short-lived horizon styles (Kroeber 1944:108-1 1; Willey and Phillips 1958:31-33), and wares constitute geographically distinct technological traditions (Willey 1945:53; Willey and Phillips 1958:34-35) which persist through time.

Different types sharing similar decorative styles are termed analogous types (Colton 1953:70). Whereas ware affiliation may require microscopic analysis of temper inclusions or a subjective familiarity with the subtle differences in the properties of ceramics from different
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areas, style distinctions are strictly macroscopic and lend themselves to graphic representation. 
Design styles can be represented effectively in photocopies or drawings, whereas ware distinctions cannot. It is therefore much easier to learn to recognize design styles than it is to 
differentiate wares. Because determination of type requires prior recognition of ware, it is much 
easier to define and differentiate temporally sensitive but geographically generic design styles, 
than to identify temporally and geographically sensitive types.

Design Styles
The following design styles are utilized in type descriptions and discussions throughout 

this chapter (Figure 5.1a-e). This list is not intended to encompass all variability in Cibolan pottery, but rather it describes certain design systems which recur in meaningful patterns. Other 
styles could and probably should be named and defined, and much material falls outside the 
definitions of any of these styles:
Lino Style, Basketmaker III - early Pueblo I (Colton 1953:46-49; Sullivan 1984:79)

This is the whiteware horizon style for the Basketmaker III - early Pueblo I period (A.D. 500 to 850). It declines rapidly in all areas after A.D. 800, persisting in small quantities into the 900s. Lino style occurs almost exclusively on early whiteware bowls. Lino style designs are related to the bowl center rather than the rim, and band designs are absent. Designs most commonly involve two or three radiating pairs of straight or stepped, parallel lines 1 to 2 cm apart, in association with small (1 to 2 mm) dots or “basket stitch” elements (Zs or sigmas) and/or small triangles, fringes or barbs. Lines may also be used to outline isolated motifs such as crosses, dots, or occasionally triangles. Drafting is often, but not always, sloppy. Lines average 4 to 6 mm in width, with line width characteristically varying within the same line. Lino style is the diagnostic design on the following types: Lino Black-on-gray (Kayenta), Chapin Black-on- white (Mesa Verde), La Plata Black-on-white (Cibola), Crozier Black-on-white (Chuska mineral 
paint) and Theodore Black-on-white (Chuska carbon paint).
The Pueblo I - Pueblo II Multiple-line Styles

This family of styles encompasses a variety of related styles which share a design structure based on series of parallel very-fine to medium lines, in rectilinear meanders or abutting sets, nested with or opposed to solids in various configurations and with various embellishments. Included in this style family are White Mound, Kana'a, Piedra, Red Mesa, and Puerco styles.
Piedra Style

This style is named for the San Juan (Mesa Verde) Whiteware type Piedra Black-on- white, which was produced in the northern San Juan area during the A.D. 800s and early 900s (Breternitz et al. 1974). It shares with White Mound, Kana'a, Red Mesa and Gladwin's Puerco styles, the use of multiple parallel fine-to-medium lines in angular meanders or abutting sets, as the foundation for the design. Piedra style is differentiated from these other styles by the embellishment of the outer lines with elongate fringes, or (more commonly) long, acute, barblike or pennant-like triangles. Draftsmanship is variable, but tends to be mediocre. Layouts are relatively simple, but the overall effect tends to be busy, with a decidedly barbed appearance.This style first appears in association with Lino style in late Basketmaker assemblages, is most common during the Pueblo I period, and persists in small frequencies into the Pueblo II period (A.D. 750-900+). It is most common on Chapin Black-on white and Piedra Black-on-white from the northern San Juan (Mesa Verde) area, but may also occur on: White Mesa Black-on-white
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UNO STYLE

WHITE MOUND STYLE

Figure 5.1a. Whiteware pottery styles.
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Figure 5.1 b. Whiteware pottery styles.
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BLACK MESA STYLE

DOGOSZHI STYLE

Figure 5.1c. Whiteware pottery styles.
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RESERVE STYLE

TULAROSA STYLE



PUEBLO III BAND STYLE

MESA VERDE BAND STYLE

RIO GRANDE BAND STYLE

Figure 5.1e. Whiteware pottery styles.

63



(western Mesa Verde); La Plata, White Mound and Kiatuthlana Black-on-whites (Cibola); Crozier and Drolet Black-on-whites (Chuska mineral); Theodore, Pena and Tunicha Black-on- whites (Chuska carbon); and Lino and Kana'a Black-on-white (Tusayan).
White Mound Style (Sullivan 1984:79)

This style is named for the Cibola Whiteware type White Mound Black-on-white 
(Gladwin 1945). It consists of multiple parallel stepped lines, parallelling and nested with the edges of triangular solids. The solids are formed by filling in the angle formed by the outer stepped line. These solids may be quite small, filling a small part of the area bounded by the angling lines, or quite large, completely filling the angles formed by the lines, and even extending beyond to form massive solids with stepped or toothed edges. Ticking (small pendant dots) may occur occasionally on lines or rarely on solids, but never on opposing solids. Isolated small dots, small triangles or Z/sigma motifs may occur as a holdover from Lino style, and lines may be embellished with small triangles or pendant/key motifs similar to those on Lino and Piedra styles. These are not characteristic, however, and the design usually consists of the parallel stepped lines and filled angles only. In its simplest and most common form, White 
Mound style consists of contiguous isosceles triangles pendant from the bowl rim or a horizontal structural line, nested with zig-zag series of parallel very fine to medium lines. This style is most common in the southern Anasazi area during the Pueblo I period, ca. A.D. 750 to 900, continuing sporadically into the A.D. 900s. The essential elements of this style persist as a frequent structural base for the later Kana'a and Red Mesa styles, both of which differ in the addition of various embellishments and motifs. It occurs on early whiteware as White Mound Black-on- white and on the intermediate whiteware type Kiatuthlana Black-on-white, both from the Cibola area. It may also occur on intermediate whiteware types from other areas, including Kana'a Black-on-white (Kayenta), Cortez Black-on-white (Mesa Verde), White Mesa Black-on-white (western Mesa Verde), Red Mesa Black-on-white (Cibola), Drolet and Naschitti Black-on-whites (Chuska mineral), and Pena-Tunicha and Newcomb Black-on-whites (Chuska carbon).
Kana'a Style (Colton 1953:46-49; Sullivan 1984:80-81)

This style is named for the Pueblo I period Tusayan (Kayenta) Whiteware type Kana'a Black-on-white (Colton 1955: Ware 8B-Type I). It consists of multiple fine or very fine lines in parallel, meandering sets, nested around geometric solids which are commonly embellished with dot ticking. The lines are commonly very fine (1 mm) and widely spaced, ca. 1 cm apart. Solids are commonly split so as to form a negative diagonal space, containing barbed or ticked lines opposed to barbed or ticked straight edges of the solid. This ticking of solids, especially in diagonal spaces formed by opposed straight sides, differentiates Kana'a from White Mound style. Kana'a style differs from Red Mesa style in its more open, spaced appearance and the absence of interlocking scrolls or hachured ribbons. Kana'a style occurs most often on Kana'a Black-on- white from the Tusayan (Kayenta) area, but also occurs on Kiatuthlana Black-on-white (Cibola); White Mesa Black-on-white (western San Juan Whiteware, western Mesa Verde area); Cortez Black-on-white (eastern San Juan Whiteware, Mesa Verde area); Red Mesa Black-on-white (Cibola); Pena-Tunicha and Newcomb Black-on-whites (Chuska carbon); and Drolet and Naschitti Black-on-whites (Chuska mineral). It is a horizon marker for the Pueblo I and very early Pueblo II periods (A.D. 800 to 950).
Red Mesa Style (Sullivan 1984:81)

This style is named for the Cibola Whiteware type Red Mesa Black-on-white (Gladwin 1945; Windes and McKenna 1989). It is best conceived as an evolved, later variant of Kana'a
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style, more elaborate and dense in its layout, and more complex in its motif combinations. Sets 
of multiple, parallel lines forming continuous meanders or in abutting sets continue to form the basic structure for the design in most cases, though band designs without multiple fine lines become increasingly common. The hachured ribbon motif that will later become the basis of Dogoszhi style makes its appearance in the form of ribbons of widely spaced squiggle or (rarely) straight line hachure, always in combination with other Red Mesa style motifs. Interlocking 
hooks or scrolls, extending from the edges of opposed, ticked triangles, are common. Dots used 
to embellish the edges of solids are generally larger than before, sometimes forming a scalloped edge. Areas of checkerboard may occur in combination with typical Red Mesa style motifs. This is the decorative style that prevailed throughout Anasazi country during the tenth century. It occurs on the following types: Red Mesa Black-on-white (Cibola); Cortez Black-on-white (San Juan Whiteware, eastern Mesa Verde area); Wepo Black-on-white (Tusayan Whiteware, Kayenta area); Naschitti Black-on-white (Chuska mineral); and Newcomb Black-on-white (Chuska 
carbon).
Puerco Style (Carlson 1970:88-89; Doyel 1984; Wasley 1959:268-273)

This style is named for the type Puerco Black-on-white as it was originally described by Gladwin and Gladwin (1931). It represents the persistence through late Pueblo II and even into 
early Pueblo III times of the early Pueblo use of multiple parallel fine lines as the structural basis for the design. In Puerco style, the multiple lines occur in abutted sets of straight lines, in combination with unembellished solids and/or wide-line designs similar to those employed in Sosi style. The outer lines of the parallel line sets serve as structural lines for the solids. The solids may be ticked in the manner of Black Mesa style. The interlocking scrolls and hachured ribbons of Red Mesa Style are both absent. Designs are generally simpler than in Red Mesa style, and sometimes look like late, evolved versions of Piedra style. The term “Carlson's Puerco style” is used in reference to a subset of the generalized Puerco style, in which vertical or diagonal sets of parallel lines are used as dividers to segment a design band into design panels containing solid or wide-line motifs (Carlson 1970:89). Specific types which may be decorated in this style include: Late Red Mesa Black-on-white as used in the present study, and Puerco/Escavada Black-on-white (Cibola Whiteware); Mancos and McElmo Black-on-whites (San Juan Whiteware); Taylor Black-on-white (Chuska Whiteware mineral paint series); and Toadlena and Nava Black-on-whites (Chuska Whiteware carbon paint series).
The Pueblo II - III Solid and Hachured Styles

This family of styles is composed of various combinations of wide lines, geometric solids and/or ribbons or areas filled with hachure. Variations on these styles are detailed below.
Black Mesa Style (Colton 1953:46-49)

This style is named for the Tusayan Whiteware Pueblo II type Black Mesa Black-on- white (Colton 1955:Ware 8B - Type 2). It continues the use of edge-ticked solid elements which characterized the earlier Kana'a and Red Mesa styles, but in a different kind of design system. In its most classic version, Black Mesa style consists of ticked wide lines or ticked solids based on wide lines. This version resembles generalized Sosi style, with the addition of edge ticking.Black Mesa style also encompasses grids, checkerboards, negative rhomboids, etc. containing dots. Black Mesa Style is most common and most discrete in its occurrence as a discrete style in the western Anasazi area (Kayenta, Little Colorado, Virgin) during the mid to late Pueblo II period (A.D. 950 to 1100). In an evolved form, it occurs on early examples of late whiteware types during the A.D. 1100s. Variations of Black Mesa style may occur on the following types:
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Black Mesa/Shato Black-on-white (Tusayan Whiteware, Kayenta area); Taylor Black-on-white 
(Chuska Whiteware, mineral series); Toadlena Black-on-white (Chuska Whiteware, carbon series); Mancos and McElmo Black-on-white (San Juan and Mesa Verde Whiteware, Mesa 
Verde area); and Puerco/Escavada and Chaco-McElmo Black-on-whites (Cibola area).
Sosi Style (Colton 1953:46-49)

This style is named for the late Pueblo II to early Pueblo III type Sosi Black-on-white of the Tusayan Whiteware (Colton 1955: Ware 8B - Type 3). It consists entirely of wide lines with 
or without attached solid triangles with no embellishment. The lines and their appended solids generally form continuous or interlocking frets or key motifs but may form curvilinear or rectilinear spirals, concentric circles or rectangles, etc. The Sosi style design is generally elegantly simple in its use of a single, bold motif, but its layout and execution may be intricate and complex. Together with its usual companion, Dogoszhi style, Sosi style is a horizon marker for the late Pueblo II to early Pueblo III period (A.D. 1000 to 1150/1200) throughout the Anasazi territory. The best examples of the style occur on intermediate whiteware, but evolved Sosi style occurs on some late whiteware types as well. This style can occur on Sosi Black-on-white (Kayenta area); Holbrook/Chevelon Black-on-white (Little Colorado area); Mancos and McElmo Black-on-white (Mesa Verde area); Taylor, Toadlena and Nava Black-on-whites (Chuska area); Puerco/Escavada and Chaco-McElmo Black-on-whites (Cibola area); Cebolleta Black-on-white (southern Cibola area); and Socorro Black-on-white (middle Rio Grande area).
Dogoszhi Style (Colton 1953:47-49)

This style is named for the Tusayan Whiteware type Dogoszhi Black-on-white (Colton 195 5: Ware 8B - Type4). With its co-traveler Sosi style, it is a primary horizon marker for the mid-Pueblo II to early Pueblo III period (A.D. 1000 to 1150+) throughout the Anasazi area. It consists of innumerable arrangements and variations the near-exclusive use of hachure-filled ribbons, formed by two parallel structural lines which are connected by numerous parallel lines. The bounding structural lines may be equal to or greater in width than the hachure lines, and the spacing between the hachure lines may be equal to or greater than the width of the lines.Hachure lines are more widely spaced (up to ca. 10 mm) and more perpendicular to the border lines in earlier applications, becoming more closely spaced and diagonal later. Late variants may also exhibit wider framing lines (up to 4 to 5 mm), and the design layout on late examples often involves an interplay between the hachured ribbons and unpainted background areas to form a “yin-yang” style negative repetition or mirroring of the positive design. The hachure fdler lines are occasionaly drawn in two directions to form “cross-hachure,” especially in the northern San Juan area. A specialized substyle of the generalized Dogoszhi style, termed the Chaco style, utilizes fine lines (up to ca. 2 mm) for the ribbon borders, and tightly spaced, very fine lines for the hachure filling. True Chaco style occurs mostly on the Cibola Whiteware type Chaco Black- on-white (Windes and McKenna 1989:48-50), and occasionally on such types as Socorro and Mancos Black-on-whites. The other variations of Dogoszhi style can occur on the following pottery types: Dogoszhi Black-on-white, Tusayan Black-on-red, Cameron Polychrome and Dogoszhi Polychrome (Kayenta area); Mancos and McElmo Black-on-white and Deadman's Black-on-red (Mesa Verde area); Padre Black-on-white (Little Colorado area); Brimhall and Chuska Black-on-whites (Chuska area); Kwahe'e Black-on-white (upper Rio Grande area); Socorro Black-on-white (middle Rio Grande area); and Gallup Black-on-white (Cibola area).
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Sosi-Dogoszhi Style
This style refers to the occasional combination of Sosi-like wide lines and solids with 

Dogoszhi-like hachured spaces on the same vessel, in a manner not consistent with the definition 
of Wingate/Reserve style as defined below. Generally, this involves employment of the two styles in different areas of the vessel, or the use of a wide line to parallel hachured ribbons. It is a 
residual category and encompasses styles which can be expected to occur wherever Sosi and Dogoszhi styles occur during the same time period. It may be more common during the later years of those types' popularity, and it is certainly more common in the south than in the north.
Wingate/Reserve Style (Carlson 1970; Doyel 1984:9)

This style is equivalent to Carlson's (1970) “Wingate style” as applied to White Mountain Redware designs, and constitutes a subset of “Tularosa style” as defined by Colton (1953:47-50). It represents a southern and specialized variation of the Sosi-Dogoszhi style complex, during the late Pueblo II - Pueblo III period (A.D. 950 to 1200+). Reserve style consists of opposed and interlocking triangular elements, with hachure-filled triangles of hachure forming a background for smaller wide-line and solid elements. Most often it involves series of solid triangles opposed to and interlocking with series of hachured triangles, with hachured areas equal in size to or larger than the solids. Hachure consists largely of diagonal lines of medium width (ca. 1 to 3 mm) The overall effect is one of balance between hachure and solid areas, or a predominance of 
hachure. This style could be usefully divided into a Wingate and a Reserve style, the former encompassing the hachured background style, the latter including the balanced and interlocking hachured and solid triangular elements. Thus divided, Reserve style is largely restricted to Reserve and Cebolleta Black-on-white and Wingate black-on-red/Polychrome of the southern Cibola area, whereas Wingate style occurs on Wingate Black-on-red, Wingate Polychrome and St. Johns Polychrome from the southern Cibola area, Mesa Verde Black-on-white from the upper San Juan and northern Cibola areas, and Crumbled House Black-on-white from the Chuska area. Reserve Style also occurs on Socorro Black-on-white in the middle Rio Grande area.
Tularosa Style

As used here, this style is defined following Carlson (1970) and encompasses only part of 
the Tularosa style as defined by Colton (1953). This style is a distinctive, late evolution of the Reserve style. It consists of complex, busy, dense compositions of opposed and interlocked hachured and solid motifs, with the hachure being finely drafted and narrowly spaced or parallel to the long dimension of the area being filled, and smaller than or equal in size to the solid areas. Tularosa style occurs on late whiteware and redware from the southern Cibola area, on the following types: Tularosa Black-on-white, St. Johns Black-on-red, St. Johns Polychrome, and other southern Polychromes of the late A.D. 1200s and 1300s. This style does not occur on any 
of the pottery types from the Four Corners region.
The Pueblo III Framed Styles

This family of styles encompasses a range of designs which share the use of wide lines to bound the design field. The design is usually laid out in an encircling band configuration, with the wide framing lines parallelling the outer structural lines of the band. The upper framing line lies immediately below and parallel to the rim on bowls, and immediately below and parallel to the neck on ollas. The band may contain almost any combination of motifs, including various revivals of the old multi-line and Sosi, Dogoszhi, Reserve, and other styles. In addition to a broad range of undifferentiated Pueblo III Framed styles, two specific styles are recognized within this
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category. Mesa Verde Band style consists of the generalized Pueblo III framed style with the addition of one or more narrow lines between the wide outer framing lines and the design band. 
This style is largely restricted to Mesa Verde Black-on-white from the northern San Juan and Cibola areas, Crumbled House Black-on-white from the Chuska Valley, and Galisteo Black-on- 
white from the upper Rio Grande. The Rio Grande Band style is distinguished from other Pueblo III framed styles by two treatments of the motifs in the design band: First, meandering ribbons of Dogoszhi-like hachure in the band utilize the outer structural line of the band to bound 
those sections of the hachure ribbons that lie contiguous with the edge of the band. Second, solid motifs in the band are slashed by a diagonal negative line. The Rio Grande Band style occurs on a number of types in the great and bewildering carnival of late Pueblo III period types in the upper Rio Grande and surrounding areas, including Wiyo, Galisteo, Loma Fria, Vallecitos and various related Black-on-white types.

Descriptions of Ceramic Sorting Categories
Admittedly, the[se] . . . descriptions . . .[are] less than satisfying in assisting us 
toward a penetration of the taxonomic miasma that suffuses this sector (Watson 
Smith 1971:283).

Cibola Whiteware, as used here, generally follows Colton’s definitions (1965). Very generally, it encompasses the Anasazi black-on-white pottery produced from the Rio Grande Valley in New Mexico west to the Chuska Mountains and Little Colorado drainage in Arizona, and from about the San Juan River south to the vicinity of Socorro and Reserve. This is a vast and diverse universe in which the pottery shares a predominance of sand/sandstone and/or 
potsherd temper and (except on a few rare eleventh century types) mineral paint.

The following discussion makes no pretension to comprehensiveness. It focuses primarily on the pottery of the late Pueblo I through early Pueblo III periods, with only sporadic attention given to the early and late whiteware types as defined above. These types have suffered much less from inconsistency and miscommunication than those of the Pueblo II period. This discussion also focuses primarily on that segment of the Cibola Whiteware that has come to be known as the “Chaco Series” (Colton 1941; Windes 1984), which is essentially the Cibolan pottery of the San Juan Basin and some immediately adjacent areas of New Mexico. Less 
consideration is given to other Cibolan manifestations pertinent to the universe of Rio Puerco ceramics, such as the Zuni/White Mountain, Prewitt, Socorro/Cebolleta, and Kwahe'e/Taos series. This review also largely ignores changing date estimates and culture-historical interpretations. The focus is explicitly on the description and differentiation of ceramic types.

The history of Cibola Whiteware typology is best conceptualized as a poorly defined struggle between two typological schools: those who would use “technological” (generally surface treatment) characteristics as the primary variable for type differentiation, and those who would subordinate technological properties (such as surface treatment) to design style. In the former case, a type would encompass a limited range of surface variability but a wide range of 
decorative style. In the latter school the opposite might be true: a type could encompass a relatively limited and well-defined design style, but may encompass a variety of surface 
treatments. It is not quite that simple, of course. The proponents of each school relied to varying degrees on the priorities of the other, and the technology-versus-design dichotomy was seldom explicitly recognized. For the most part, disciples of both schools have simply proceded as though there was little or no disagreement, blithely using the same terms with different meanings.
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There is little point to trying to summarize the history of Cibola Whiteware typology. Let it suffice to say that it is a needlessly convoluted history (Hurst 1991:119-162). It has produced a tragically conftising and nigh impenetrable tangle of contradictory and obtuse literature.
The Rio Puerco Valley Project's “Quick-and-Dirty Rough Sort” analysts recognized 132 

separate sorting categories, including traditional types, varieties, and various residual categories. 
Many of those accounted for only traces of material, and were either ignored or lumped with 
closely related materials into categories used in the seriation. Others related to time periods and 
occupations post-dating the end of the Pueblo III period and the period of interest to this study. The following brief descriptions are provided only for those categories which were defined for purposes of seriation and assemblage classification as discussed in this report. They collectively account for the large majority, but not the entire population, of ceramics in the Rio Puerco Valley Project collections. It should be noted that during the course of the analysis, typological categories evolved somewhat, especially with regard to boundary definition. Due to time and funding limitations, planned follow-up analysis to clean up resultant inconsistencies was never accomplished. The following descriptions largely ignore vessel form, focusing instead on 
characteristics observable at the potsherd level.
Grayware

Grayware constitutes the overwhelming majority of culinary pottery in the Rio Puerco assemblages. Specific types and sorting categories are defined on the basis of varying surface treatment, especially of the neck/rim portion of vessels, with temper and paste characteristics treated as secondary, non-diagnostic variables. Various sands and sandstones dominate the tempers of the Puerco Valley graywares, sometimes accompanied by clay/shale inclusions. Crushed potsherd temper is common in fully developed indented-corrugated sherds from the late Pueblo II and some Pueblo III assemblages.
Plain Gray Body Sherds (est. A.D. 450/500 to 1050/1100)

This is a residual category for those sherds exhibiting no slip, paint or surface decoration, and not assignable to a more specific category. These materials are generally body sherds with little or no neck or rim present, from the basal portions of Lino Gray, neckbanded or neck-corrugated vessels. Two subjective varieties were recognized within this category, differentiated on the basis of relative coarseness: Coarse grayware surfaces are generally irregular and bumpy due to noticeable protrusion of temper particles, from which irregular small surface cracks may radiate. Temper drag marks are common in a surface which shows irregular thinning/smoothing and sometimes polishing streaks. Refined grayware may be rough, but it has little protruding temper and is more uniform and generally harder than the coarse variety. These varieties were not consistently differentiated and were lumped in final tallies.
This category was not included in the seriation assemblages due to its long lifespan and dominance of Basketmaker III - Pueblo I assemblages and the resultant flattening or masking effect it would have on the measurement of variability among assemblages.

Lino Gray (est. A.D. 450/500 to 900)
Lino Gray is the dominant culinary ware in Rio Puerco assemblages of the Basketmaker III and Pueblo I periods. The definition followed here is consistent with traditional usage (e.g., Colton 1955; Windes and McKenna 1989). Lino Gray is characterized by an absence of unobliterated coils, plastic decoration or painted decoration of the surface, being plain gray from
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the vessel rim to the base. Rims are tapered or bluntly rounded and somewhat unevenly finished. 
Jar handles consist of blunt, thick protruberances which are pierced vertically by holes, presumably for suspension from a cord handle. Jar necks may show vertical scraping and thinning marks. The Lino Gray category was reserved for sherds from the neck/rim portions of plain gray vessels-plain gray body sherds were assigned to a residual grayware body sherd 
category, as described above.

Temper and surface characteristics are of secondary importance, being shared with some 
other culinary types. Temper in Lino Gray is coarse sand or sandstone of various kinds, sometimes accompanied by significant quantities of medium or fine sand or sandstone. When the coarse sand occurs with the finer sand, both are represented in significant quantities, roughly co-dominant (visually, not by count) with a clearly bimodal, discontinuous size distribution. Surface characteristics are typically but not exclusively those described above for coarse 
grayware.

Three special varieties were distinguished on the basis of specialized surface treatment: First, fugitive red has a thin coating of red pigment which washes off in water, and is often evident only in surface cracks and pores under magnification. Second, a slipped red variety was frequently noted, which is unlike anything heretofore described. The thin, opaque, dark red slip 
is hard, fired on, and unpolished. Although this variety was referred to as affinis Tallahogan Red, its rough, unpolished surface and typical grayware base make it very different from both 
Tallahogan and its Mesa Verde analogue, Dolores Red (Lucius and Wilson 1981). Finally, a smudged variety was recognized, accommodating those specimens which appeared to have been intentionally smudged to a deep, black gloss on the interior surface. These surface treatments appear to have occurred only in association with Lino Gray, and body sherds with these 
properties were not tallied separately from rim/neck sherds.
Kana'a Gray (est. A.D. 850 to 1050)

This broad category encompasses all neckbanded grayware with sand or sherd-and-sand 
temper (compare Colton 1955:Ware 8A, type 5; Windes and McKenna 1989). Structural coils are left unobliterated on the exterior between the rim fillet and shoulder of the vessel. RPVP analysts recognized two varieties of Kana'a Gray, differentiated on the basis of coil morphology. Early Kana'a Gray is equivalent to the Mesa Verde type Moccasin Gray, with relatively wide, flat coils, showing slight or no clapboarding. Late Kana'a Gray encompasses those whose neckbanded specimens whose coils are overlapped in a distinct clapboarding, and are 6+ mm in width. These varieties were combined for purposes of seriation and assemblage classification.
Exuberant/Neck-corrugated/Narrow-banded (est. A.D. 900 to 1050)

This category encompasses 1) all neck-banded specimens with narrow (ca. .5 mm or less) coils; 2) indented corrugated materials which have the distinctive bold, deep, sometimes elongated or wave-like, neatly patterned corrugations characteristic of the early Pueblo II period; or 3) show evidence of having been corrugated only above the shoulder with a plain gray base. This category undoubtedly encompasses some material classifiable as Tohatchi Banded, a poorly defined type which was not recognized in the Puerco analysis (Olson and Wasley 1956:385-389; Windes 1977:340-342; Windes and McKenna 1989). It certainly encompasses Coolidge Corrugated as defined by Windes and McKenna (1989; see also Hawley 1939; McKenna and Toll 1984; Olson and Wasley 1956). Undifferentiated corrugated sherds from above the corrugated-neck/plain-base juncture would be unrecognizeable and classified into the residual PII-III Corrugated category.
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Pueblo II - III Corrugated (est. A.D. 950 to 1300)
This is a residual category for indented-corrugated sherds which do not fit the criteria for 

inclusion in the Exuberant/Neck-corrugated category. This category encompasses a wide range 
of indentation styles, and includes sherds from Chaco Corrugated and Coolidge Corrugated (Windes and McKenna 1989), neither of which types were utilized in this analysis. Definition of 
an evolutionary series of subdivisions based on rim eversion following that used in the Mancos-Dolores-Mesa Verde series (Blinman and Wilson 1989; Bretemitz et al. 1974) would have allowed differentiation of temporally significant varieties within this category, but such 
distinctions were not made. This category was not included in the seriation assemblages due to its long lifespan and dominance of Pueblo II-III assemblages and the resultant flattening or masking effect it would have on the measurement of variability among assemblages.
Whiteware

This general category includes numerous mineral-painted black-on-white types. Many of these types were produced locally within the middle Rio Puerco Valley, however, vessels of these varieties also appeared as intrusives. Several different design styles were used in decorating these types.
La Plata - White Mound Black-on-white (est. A.D. 600 to 850)

La Plata Black-on-white (Figure 5.2) typically exhibits a rough, unpolished surface with 
irregularly protruding, coarse sand temper and Lino style designs in mineral paint. White Mound Black-on-white (A.D. 750 to 850) also has a rough surface with protruding temper, but the surface is generally more unformly gritty than that of La Plata Black-on-white, and is decorated with designs in variations of the White Mound, Kana'a, and Piedra styles. White Mound Black-on-white may be unpolished or polished-unpolished specimens were classified into the La Plata - White Mound category, whereas polished specimens were assigned to the Polished White Mound category, discussed below. Good examples of the La Plata and unpolished White Mound types are readily distinguishable, but much early whiteware in the Puerco Valley was greatly reduced by livestock trampling and difficult to assign to a specific type. Because the great 
majority of the clearly typable sherds fit the White Mound description, the RPVP analysts tended to lump doubtful specimens into that category. Some inconsistency in distinguishing between the types, plus a small representation of good La Plata Black-on-white, led to the decision to combine the two types for the purposes of this study. There is little doubt that a careful reanalysis would result in the recognition of La Plata dominated assemblages and more La Plata among the White Mound assemblages, but not enough to significantly change the outcome of the present study.
Polished White Mound Black-on-white (est. A.D. 750 to 925)

A significant percentage of White Mound Black-on-white exhibits a good polish (Figure5.2, center and lower left; Figure 5.3), sometimes on a floated surface (polished while wet, concentrating fine particles at the surface and creating a pseudo-self-slip). Temper particles continue to protrude in all but the most highly floated and polished surfaces, and the mineral paint designs are essentially the same as those on unpolished White Mound Black-on-white. This type fits A. Helene Warren's (1978) definition of San Marcial Black-on-white, but does not fully equate with the definitions of that type by Mera (1935) and Marshall (1980).
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There is an increasing incidence of gray surfaces in late White Mound assemblages, accompanied by the appearance of slipping and sherd temper. This material is classified into the White Mound category only if slip and Red Mesa style design elements are both absent.
A note on San Marcial Black-on-white

Although a few sherds were classified as San Marcial Black-on-white during the course of the Puerco rough sort, this type was neither well understood nor commonly recognized by the RPVP analysts. By the late stages of the sort, however, it was clear that the White Mound sorting categories encompassed a significant amount of good San Marcial Black-on-white, corresponding to the definition since published by Marshall (1980:178-82). The San Marcial Black-on-white specimens have relatively bold line (ca. 5 mm) designs in mineral paint that 
ranges from black through a deep oxblood red. In the best examples, surfaces are well polished, the vessel walls are relatively thick, and the paste is a creamy white color. A small percentage of San Marcial Black-on-white sherds appear distinctly southern in character, with thick vessel walls, bluntly rounded (as opposed to the more common tapered) rims, and a predominance of dark red paint.

Sherds classified as San Marcial Black-on-white have stylistic and morphological qualities somewhat reminiscent of Three-Circle Red-on-white in the Mogollon area, and they are probably intrusive from the southern margins of the San Marcial production area in the lower Puerco-Socorro area. Good White Mound Black-on white, in contrast, has generally finer line work (ca. 3 mm) in black or dark brown mineral paint, with a gray or clear white paste.
Unfortunately, time did not permit a reexamination of the massive project collections to determine the relative proportions of these varieties, or their usefulness with regard to temporal seriation by percentage. It is the impression of the analysts that the classic examples of the two are represented in approximately equal proportions along with much intermediate, more generalized material. Proportions would vary depending on the criteria by which the analyst divided the more generalized White Mound material which dominated the collections.
Classic San Marcial Biack-on-white was defined on the basis of collections from the lower reaches of the Rio Puerco, near its confluence with the Rio Grande, some fifty miles south of the present study area (Marshall 1980:181-182; Mera 1935:25-26). Pure San Marcial assemblages have also been reported from the Artificial Leg site near Albuquerque (Frisbie 1967), and significant amounts of San Marcial Black-on-white with an absence of White Mound Black-on-white have been reported at the Denison Site near Isleta Pueblo (Vivian and Clendenon 1965) and at a site near Santa Ana Pueblo (Allen and McNutt 1955). It is difficult to evaluate the latter two reports, as the authors present no photographs. Frisbie's figures appear to include good examples of both White Mound Black-on-white sensu-strictu and San Marcial Black-on-white. Both varieties appear to have been correctly recognized at the “Sheep Chute” and “Joe and Matthew” sites near Santa Ana (Ferg 1983; Hammack 1983).
It is this writer's impression that the 1958 Cibola Whiteware conferees were correct in 

recognizing White Mound Black-on-white and San Marcial Black-on-white as contemporaneous varieties of a widespread Cibolan type, though good San Marcial Black-on-white may be attributable to a northern Mogollon population. In the assemblages from the middle Rio Puerco of the the East and adjacent areas to the northeast, east and southeast, classic examples of both may be intrusive imports from areas to the south (San Marcial) and west/northwest (White Mound).
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Figure 5.2. White Mound Black-on-white, White Mound Variety.
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Figure 5.2. White Mound Black-on-white, San Marcial Variety.

74



Available data do not permit the determination of whether one or the other or both varieties were manufactured in the middle Rio Puerco Valley. Since both varieties are characterized by the same diverse group of varying paste and temper combinations, it may be that their areas of manufacture overlapped considerably.
Kiatuthlana - Early Red Mesa Black-on-white (est. A.D. 850 to 900)

It is very difficult to tell for certain from a reading of the existing literature, but it appears 
that most applications of the term “Kiatuthlana” follow Gladwin (1945) in applying it to material with an early Red Mesa or Kana'a-like design in mineral paint on a white slipped and well- 
polished surface. Virtually everyone who has tried to follow that usage has had difficulty distinguishing this so-called “Kiatuthlana Black-on-white” from Red Mesa Black-on-white, and some have resorted to dropping the term altogether or combining Kiatuthlana and Red Mesa Black-on-whites as we have done here. The few sherds classified as Kiatuthlana Black-on-white (Figure 5.4, top) in the RPVP rough sort analysis would not be mistaken for Gladwin's Kiatuthlana or Red Mesa Black-on-whites, but conform more closely to Roberts' description of the pottery from the Kiatuthlana pit houses. As used in the RPVP analysis, Kiatuthlana Black- on-white encompasses those sherds which have a sparse and open Pueblo I design system in a White Mound or Kana'a design style, on a white, unslipped surface which is highly smoothed or lightly but uniformly polished to a uniform, velvety lustre without temper protrusion. Temper is fine sandstone and/or sherd temper in a white-firing paste. Such sherds were rare, and were grouped with early Red Mesa Black-on-white for seriation and assemblage classification.

Early Red Mesa (Red Mesa I) Black-on-white (Figure 5.4, second row) as defined for the RPVP rough sort analysis is characterized by a relatively sparse Red Mesa style design on a chalky white wash which thinly and evenly covers but fails to obscure a gray paste. Polish ranges from absent to high and complete, but the slip is always thin and evenly applied. The conservative use of a white firing clay in a thin wash over a gray-firing body is a radical change 
from the White Mound and Kiatuthlana Black-on-white types with their clear, white body paste and absence of slip. While clear, white clays continued to be used for vessel bodies in the Cebolleta/Acoma region, they appear to have become a rare and precious commodity in the middle Rio Puerco Valley and Chaco regions during the late Pueblo I period, coincidentally with the appearance of Red Mesa Black-on-white (c f Windes 1984:100). This change marks the beginning of the true Chaco Series of Cibola Whiteware, and possibly the initiation of actual pottery production by local residents of the middle Rio Puerco Valley. Such a scenario is suggested by the first appearance of Red Mesa style design elements on polished gray vessels in assemblages dominated by White Mound Black-on-white. This material is rare and short-lived, giving way almost immediately to fully developed early Red Mesa with white clay slip.

The shift from a white firing clay in White Mound Black-on-white to a gray firing clay with white wash in early Red Mesa Black-on-white is accompanied by the general appearance of crushed sherd temper and significant changes in the distribution of vessel forms. Whereas bowls had dominated earlier whiteware assemblages almost to the exclusion of jars, jar forms became common and sometimes dominant in Red Mesa Black-on-white assemblages.
Red Mesa I Black-on-white is distinguished from the late, gray White Mound Black-on-white by the presence of slip, Red Mesa design elements, or sherd temper. It differs from later Red Mesa II by its thin, somewhat transparent slip, as opposed to the thicker, opaque, enamel-like polish and often thicker slip of the later type. It differs from Red Mesa III in its uniform, even slip and surface treatment, as opposed to no slip or uneven slip on Red Mesa III. It is noteworthy that this viewpoint, based on experience with stratigraphic sequences in the middle
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Figure 5.4. Kiatuthlana Black-on-white (top row), Red Mesa I Black-on-white (second row), 
RedMesa II Black-on-white (third row), Red Mesa III Black-on-white (bottom row).
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Rio Puerco Valley, is inconsistent with the prevailing dogma in the literature. Most authors indicate that early Red Mesa Black-on-white has a hard, white, polished surface which deteriorates into later Red Mesa Black-on-white (Windes 1984:103). Here, we see the hard, 
white surface as diagnostic of an intermediate Red Mesa phase. The implication is that our early Red Mesa Black-on-white is contemporaneous with Roberts' Kiatuthlana pit house material, which perpetuates the use of white body clay to the south of the Chaco/Puerco area. The highly 
polished, enamel-like material which Roberts (1927) called “Transitional” and Gladwin (1945) unfortunately named “Kiatuthlana” is then equivalent to our Intermediate Red Mesa Black-on- white (Red Mesa II) as defined below.
Intermediate Red Mesa Black-on-white (est. A.D. 850 to 1050)

In stratified middens of the middle Rio Puerco Valley, the even, chalky slip of Early Red Mesa Black-on-white gives way rapidly to classic Red Mesa Black-on-white, which is identified by its relatively thick (for Chacoan ceramics), opaque white slip and high, even polish. This material is designated Intermediate Red Mesa or Red Mesa II Black-on-white (Figure 5.4, third row), and is presumed to be similar to Roberts' (1927) “Transitional,” Gladwin's (1945) 
“Kiatuthlana” and much of Vivian's (1965) “Kiatuthlana/Red Mesa.” Designs on Intermediate Red Mesa Black-on-white represent the full flower and range of Red Mesa style. Temper continues to be dominated by crushed potsherds and sandstone, with a distinctive fine-grain, white matrix sandstone making its appearance in this type.
Late Red Mesa Black-on-white (est. A.D. 1025 to 1100)

This category represents a perpetuation of the Red Mesa design style, sometimes in an attenuated, Puerco style, on a gray, sporadically slipped and variably polished surface. The Late Red Mesa Black-on-white (Red Mesa III) surface is typically incompletely polished, with the gray surface being darker from compaction in polished areas, somewhat like floated and polished cement. In some cases, the surface is almost completely unpolished and coarse. Most specimens are slipped, but the slip lacks the uniformity of the earlier Red Mesa Black-on-white varieties. Some good Puerco style specimens were incorrectly classified into this category.
Red Mesa III is distinguished from other Red Mesa Black-on-white varieties by its careless, hit-and-miss slip and polish and gray surface, and from other intermediate whiteware types by its Red Mesa style design. It differs from Kwahe'e I Black-on-white, which is characterized by a dirty, off-white, uneven slip.

Gallup Black-on-white (est. A.D. 970 to 1150)
Gallup Black-on-white is defined as intermediate Cibola Whiteware decorated with mineral paint in the Dogoszhi style, excluding those specimens having the properties of Kwahe'e I Black-on-white as defined below. Three stylistic varieties of Gallup Black-on-white were differentiated in the RPVP rough sort analysis on the basis of design structure. The hachure ribbons on Early Gallup (Gallup I) Black-on-white (A.D. 970 to 1070) is rendered with fine lines (1 to 2 mm), with hachure lines widely spaced (ca. 4 times wider than the lines) and often approaching perpendicular to the structural framing lines (Figures 5.5, 5.6, top row). This style of hachure occurs occasionally in association with Red Mesa motifs on Red Mesa Black-on-white.
Intermediate Gallup (Gallup II) Black-on-white (A.D. 1000 to 1150) is decorated with Dogoszhi style hachure ribbons rendered in fine-medium lines (1 to 3 mm), with hachure and
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structural framing lines of equal width, spaces approximately twice as wide as the hachure lines, and hachure lines usually meeting structural framing lines at a diagonal (Figure 5.6, second row).
Late Gallup (Gallup III) Black-on-white (A.D. 1111 to 1150) is similar to intermediate 

Gallup Black-on-white, but with structural framing lines two or more times wider than the hachure lines (Figure 5.6, third row; compare to Chaco Black-on-white, below). All of these varieties share a wide range of design layouts, surface finish and paste/temper variability within 
the general parameters of intermediate Cibola Whiteware.
Puerco/Escavada Black-on-white (est. A.D. 1025 to 1150)

This category encompasses those intermediate Cibola Whiteware specimens decorated with mineral paint in either the Puerco or Sosi style, excluding those having the properties of Kwahe'e I Black-on-white as defined below (Figure 5.7). Three stylistic varieties were differentiated, but lumped for seriation and assemblage classification purposes. The three styles are wide-line (lines >10 cm), narrow line (lines <10 mm), Carlson's Puerco (as defined under styles earlier in this chapter). Materials included in this category include both Escavada and Puerco Black-on-whites as defined by Windes and McKenna (1989), the former having cursory or no slip and polish, the latter having a more complete slip and better polish. No such distinction was made in the RPVP analysis, though it would probably have been useful.
Chaco and Chaco-McElmo Black-on-white (est. A.D. 1075 to 1150)

These types (Windes and McKenna 1989) represent the pinnacle of excellence in the Chaco series of Cibola Whiteware. Both have a limited distribution and occur only in traces in 
the middle Rio Puerco Valley. The two types share surface and paste properties, but differ in other characteristics. The surface is thinly covered with a thin, even wash, and well polished.The paste is hard, well-fired and well-mixed, with finely crushed sherd temper. Chaco Black-on-white (Figure 5.6, bottom row) is decorated with mineral paint in the Chaco style as defined earlier in this chapter. Chaco-McElmo Black-on-white is decorated with well-controlled carbon paint in designs reminiscent of Sosi and Black Mesa styles.
Kwahe'e I Black-on-white (est. A.D. 1120 to 1200)

This designation is applied with reservations to a diverse set of mineral painted ceramics that share a dirty looking, gray-to-tan, occasionally white slip which varies from thick to absent on the same vessel and is unpolished or polished in an erratic, haphazard and almost random manner (Figure 5.8). The fundamental technology is a continuation of the earlier Chaco series, with sherd and/or sand/sandstone temper, variable (often coarse) paste and intermediate whiteware morphology. Designs are generally crude and simplified versions of the earlier styles. Generalized Sosi style predominates, but coarse Dogoszhi, Puerco and (rarely) Red Mesa style occur as well, in addition to a variety of generic, unnamed styles including coarse checkerboards, large pendant triangles, etc. Paint is often brown rather than good black, and carbon ghosting of unsuccessful mineral paint is common. The slip often pools in low spots so thickly that localized crazing results.
Of all the sorting categories used in the RPVP rough sort, this one is the most doubtful and dangerous. Attempting to define temporally or spatially sensitive pottery types on the basis of relative sloppiness is always risky business, as a “sloppy” type is likely to become the receptacle for a motley variety of materials from diverse periods or production areas whose crudeness reflects haste or inexperience on the part of individual potters rather than patterned

78



Figure 5.5. Early Gallup - Red Mesa III Black-on-white jar..

79



Figure 5.6. Gallup I Black-on-white (top row), Gallup II Black-on-white (second row), 
Gallup III Black-on-white (third row), and Chaco Black-on-white (bottom row).
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Figure 5.7. Puerco-Escavada Black-on-white.
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Figure 5.8. Kwahe’e I Black-on-white.

82



spatial or temporal variability. Kwahe'e I Black-on-white as defined here certainly suffers from that problem, as evidenced by its sporadic occurrence in middle Rio Puerco Valley assemblages 
of various periods.

There is a legitimate core to this category, however, consisting of degenerate intermediate 
whiteware produced during the cultural doldrums of the middle-to-late twelfth century. This 
material constitutes an evolutionary bridge in the middle Rio Puerco Valley between the classic 
Pueblo II Chacoan whitewares and the carbon paint ceramic complex of the Rio Grande expression of the Pueblo III period. It is designated “Kwahe'e I Black-on-white” largely by default, and perhaps unfortunately, because it appears to be related to the development of the Rio Grande Pueblo III complex, and because it resembles some of the photographs of Kwahe'e Black-on-white in McNutt's report on the Tesuque bypass (McNutt 1969:Plate IV). It seems to differ somewhat from Mera's (1935) original definition of Kwahe'e Black-on-white, however, in its exaggerated crudeness and more substantial slip.

This type was lumped together with Kwahe'e II Black-on-white for purposes of seriation. 
It's estimated date range is that of Kwahe'e Black-on-white as estimated by Breternitz (1966).
Kwahe'e II Black-on-white (est. A.D. 1120 to 1200)

In essence, Kwahe'e II Black-on-white is an intermediate whiteware with mineral paint on an unslipped or thinly slipped gray base, and a homogeneous, fine, Santa Fe - like paste (more below). Material classified into this category is less common that Kwahe'e I Black-on-white in the middle Rio Puerco Valley, and generally somewhat superior in workmanship. Surfaces tend to be relatively well-smoothed and may or may not be polished, but are uniformly finished. Unslipped surfaces or surfaces under slip range from a blue-gray to medium gray, sometimes 
with a brown cast, and are the same color as the paste. When slip is present, it is thin but more evenly applied than that on Kwahe'e I Black-on-white. Design work may be crude, but is sometimes finer and better controlled, with more use of thin lines, than is seen on Kwahe'e I 
Black-on-white. Designs are variable, ranging from attenuated Sosi/Dogoszhi/Puerco styles to a generalized Reserve Style combining solids and hachure in a manner reminiscent of contemporaneous Socorro Black-on-white and early Santa Fe Black-on-white. Temper foreshadows true Santa Fe Black-on-white (Santa Fe II in this analysis), consisting of abundant siltstone, often with calcium carbonate inclusions, or finely powdered pumice/tuff. Either temper class may be accompanied by sparse larger sand inclusions.

This class of pottery is assumed to have been manufactured in the Rio Grande Valley at about the same time as Kwahe'e I Black-on-white, perhaps continuing for some time after Kwahe'e I Black-on-white and was displaced in the middle Rio Puerco Valley by its carbon painted descendant, which we have tentatively named Casa Salazar Black-on-white. It appears to be identical to Kwahe'e Black-on-white as described by Sudar-Murphy et al. (1977:23) and probably overlaps or encompasses “Borrego Black-on-white” as defined by Lange (1968:119). Dates for this type are derived from Breternitz (1966:81.)
Southern Whitewares

This general category encompasses several types thought to be intrusive into the middle Rio Puerco Valley from areas to the south and southwest. These types were included in the Socorro and White Mountain Series as defined by Colton (1965), and/or the “Mogollon Whiteware” as discussed by Marshall (1980).

% 83



Socorro Black-on-white (est. A.D. 1050 to 1275)
This is one of the most distinctive and easily recognized types in the Southwest, with its igneous rock temper, hard, gray paste, unslipped surface and well-controlled mineral paint (Figure 5.9, top three rows). We cannot improve on Marshall's description (1980:183):
The material is usually quite distinctive; it is characterized by a gray to blue-gray paste and surface 
color, a hard and often subvitrified paste, the presence of fine black rock temper fragments, and a 
broad line and fine hatched style. The vessel walls are often quite thin and hard, and the sherds 
will usually ring when struck. Vitrification is often visible in the wall and subglazing of the 
mineral paint may also occur. The paste color may range from light gray to dark blue-gray 
throughout. The inclusions of black crushed crystalline rock, apparent homblende-latite, is 
characteristic but a few specimens fail to contain such. Other temper constituents are opaque and 
translucent quartz and occasional clay pellets. Designs often employ large solid areas and fine 
hatched forms which are well executed. A Red Mesa-like style is also recognized . . .
Socorro Black-on-white is consistently well crafted, with an intermediate whiteware morphology giving way in later assemblages to a thicker, squared-rim variety with similarities to late whiteware. Designs are well executed on a uniformly finished surface which may be unpolished or evenly polished to a velvet, matte lustre. The paint commonly exhibits a distinctive crazing, somewhat like that of Cebolleta Black-on-white, but is generally more 

granular in appearance and only rarely shows brown coloration.
Classic Socorro Black-on-white as first described by Mera (1935) and then Marshall (1980) is common in middle Rio Puerco Valley assemblages dating to the twelfth and early thirteenth centuries, especially in the southern portion of the study area. In the present study, we also included in this category a variety of materials which departed somewhat from the classic expression. These generally shared the morphological, surface and design properties of classic Socorro Black-on-white, but appeared to be made of materials from different sources. These materials exhibited such qualities as brown, uncrazed paint, lighter paste, sherd temper, lack of sintering, etc. They are assumed to represent local attempts to mimic classic Socorro Black-on-white, or expansion of Socorro potters into areas where the customary raw materials are not available. Dates for this type are derived from Smiley et al. (1953) and Breternitz 

(1966:96).
Cebolleta Black-on-white (est. A.D. 1125 to 1225)

This sorting category encompasses a distinctive set of late whiteware material which is characterized by light gray to white paste and well polished white surfaces, with variable designs in well-controlled mineral paint (Figure 5.9, bottom row). Surfaces and paint tend to be lightly crazed, the paint sometimes resembling that on Socorro Black-on-white. Temper is crushed sherd with various accessory material including sand and sometimes igneous inclusions. Designs 
consist of Sosi style or generalized Reserve style with the use of wide lines, solids and hachure. Dogoszhi style does not occur. Paint ranges from a good black to a brown or occasionally dull red.

Vessel walls are relatively thick and well polished, and rims are bluntly rounded or square and sometimes decorated with ticks or slashes. Overall, this material is reminiscent of McElmo Black-on-white from the Mesa Verde area, but with a distinctively white-firing paste and more consistently controlled, crazed mineral paint. In its typical expression, this type cannot be confused with any other whiteware.
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Figure 5.9. Socorro Black-on-white (top three rows) and Cebolleta Black-on-white.
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As used in the RPVP rough sort, this category encompassed some intermediate whiteware specimens with paste and paint properties similar to those in the classic variety, but with tapered rims and generalized Reserve style designs reminiscent of Socorro Black-on-white. It also included some highly polished specimens with longitudinal hachure opposed to solids, which 
seem to fit Dittert's Tularosa (Acoma) Black-on-white (Dittert 1959:400-402). Most of the material reported and described here as Cebolleta Black-on-white was, in fact, originally classified as Tularosa (Acoma) Black-on-white, but lumped into the Cebolleta Black-on-white category for seriation and assemblage classification at the suggestion of Dittert, after he 
examined a representative collection.

There is little information on dates for this type in the literature. The estimated dates offered above are based on the distribution of Cebolleta Black-on-white in the RPVP Seriation 
Groups.
Tularosa Black-on-white (est. A.D. 1125 to 1225)

A few specimens bearing thick, well-polished white slip over white or gray paste and 
mineral paint designs in the Tularosa style, were classified into this category. The type was numerically unimportant and warrants no further description. Some specimens classifiable as Tularosa (Acoma) Black-on-white (Dittert 1959) were included in the Cebolleta Black-on-white category, described above. Given the small number of sherds assigned to this category and the similarity with Cebolleta Black-on-white, the estimated age (in the middle Rio Puerco Valley) of 
this type is assumed to be the same as Cebolleta Black-on-white.
The Late Carbon Paint Types

During the Pueblo III period, carbon-painted late whiteware displaced mineral painted intermediate whiteware throughout most of the eastern Anasazi world. In the northern San Juan River area and in the San Juan Basin, this trend gave rise to the McElmo/Mesa Verde family, or the Mesa Verde Whiteware (Abel 1955). In the Rio Grande area, it gave rise to Santa Fe Black-on-white and a host of its late descendants, with a late admixture of McElmo/Mesa Verde material in the form of Galisteo Black-on-white. The result was a kaleidoscopic mosaic of carbon painted whitewares from the thirteenth century Rio Grande area which has never been effectively elucidated (Peckham 1981:122). In the middle Rio Puerco Valley, ceramic 
developments during this period generally parallel those of the Rio Grande Valley, with the addition of a strong, mid-thirteenth century development of a local expression of the McElmo Black-on-white complex, which we have named Loma Fria Black-on-white (Burns 1978).

The typological literature discussing the Pueblo III carbon paint complex in the Rio Grande Valley is confusing, contradictory and inconsistent, but reveals increasingly localized technological variability with an overlay of stylistic similarity. The widespread technological standardization of ceramics that characterized earlier periods gave way to great diversity and the apparent development of extremely localized developments. The RPVP analysts make no claim to understanding this variability or to competence in the differentiation of many of the types that have been defined. The following sorting categories represent our effort to find order in the Pueblo III period ceramics represented in the middle Rio Puerco Valley. They are not always consistent with the views of earlier students and are not expected to contribute a great deal to the elucidation of the general ceramic history of the Rio Grande area.
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Casa Salazar Black-on-white (est. A.D. 1150? to 1230?)
The indigenous carbon paint tradition first makes its appearance in the middle Rio Puerco 

Valley in the form of a crudely made and crudely painted class of material to which we have assigned the provisional name Casa Salazar Black-on-white, after the old Spanish settlement of that name in the middle Rio Puerco Valley. This category is perhaps too broad and variable to warrant full type status, but it represents a distinctive complex of ceramics which do not fit into 
any existing defined type.

Casa Salazar Black-on-white is our name for a heterogeneous population of ceramics that are similar to Kwahe'e I Black-on-white as described above, but decorated in carbon paint (Figure 5.10). The designs are generally bold and somewhat crude, parallelling those of Kwahe'e 1 Black-on-white. The carbon paint varies from good black to a thin, washy gray. This category constitutes a distinctive transition in the middle Rio Puerco Valley between the earlier mineral painted types and the subsequent fluorescence of refined carbon-painted types. Specifically, it 
shares its basic vessel technology and design with Kwahe'e I Black-on-white, and its paint with Santa Fe I Black-on-white and later types. Some sherds assigned to this category approach good Santa Fe I Black-on-white in hardness, slip and polish, but bear sloppily executed designs. In retrospect, those should probably have been assigned to the Santa Fe I Black-on-white category.

Casa Salazar Black-on-white occurs occasionally in almost pure assemblages in small sites, and also in both Kwahe'e I and early Santa Fe components. The estimated dates for this material are the product of pure guesswork, based on association with preceeding and succeeding 
types.
Santa Fe I Black-on-white (est. A.D. 1150+ to 1250)

This category encompasses intermediate whiteware ceramics with sherd temper, thin white slip, moderate to high, even polish, and reasonably well-controlled carbon paint (Figure5.11). The paste, temper, slip and polish are all reminiscent of the late Chaco Series types of the Classic Bonito Phase. Designs are diverse, composed of various combinations of fine-to-medium line hachure and solids. The base paste is gray-to-light-gray and visible through the white wash in a manner reminiscent of Chaco and Chaco-McElmo Black-on-whites. Overall, this material feels and looks like a version of Chaco McElmo Black-on-white with Santa Fe Black-on-white designs. It appears to be identical with Sundt's “Santa Fe Black-on-white with . . . Sherd Temper” (Sundt 1984:Figure 1) and Bice's and Sundt's “Santa Fe Black-on-white Variety 4” from the Prieta Vista site (Bice and Sundt 1972:121-132).
A self-slipped, possibly late, version of this material was included in Santa Fe I Black-on- white during the early stages of the analysis, then assigned its own category (termed “Loma Fria I Black-on-white” during the analysis). This material tends to be unpolished or lightly polished on bowl exteriors, well polished and often lightly crazed on bowl interiors. Technologically and morphologically, it may be seen as a transitional form between Santa Fe I Black-on-white and Loma Fria Black-on-white. Unfortunately, time limitations prevented correction of the inconsistency in classification of this material, and the “Loma Fria I Black-on-white” was grouped with the true Loma Fria Black-on-white in the seriated and classified assemblages. This material may be identical to that termed “Santa Fe Black-on-white Variety 1” by Bice and Sundt from the Prieta Vista site in the Arroyo Cuervo, and should probably have been lumped with Santa Fe I Black-on-white for this analysis.
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Figuie 5.10. Casa Salazar Black-on-white.
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Figure 5.11. Santa Fe I Black-on-white.
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Santa Fe I Black-on-white first appears in Casa Salazar Black-on-white assemblages and apparently represents a refinement of that type. Its beginning dates are poorly established, but they are here estimated to be contemporaneous with Casa Salazar Black-on-white because of some inconsistency and confusion in defining the boundary between the two types during the RPVP analysis. The end date is set at A.D. 1250 because of its major decline in Loma Fria Black-on-white assemblages, which are dated at A.D. 1240 to 1260.
Santa Fe II Black-on-white (est. A.D. 1200 to 1270 in the Puerco)

This category accomodates classic Santa Fe Black-on-white with its very-fine to fine, gray, homogeneous paste, abundant siltstone or pumice/tuff temper, smooth surface and 
well-controlled carbon paint designs in a variety of generalized Pueblo III period styles (Figure5.12) . Calcium carbonate inclusions are common in siltstone temper, and either siltstone or pumice/tuff may contain medium-coarse inclusions of sherd, sand or tuff. The paste is extremely uniform and fine-textured, even under 30 power magnification. Because of the homogeneity of the paste, Santa Fe II Black-on-white sherds break along straight cleavages, which may be so smooth as to give an initial appearance of having been worked. Cavities in the paste are generally rounded, unlike the irregular, linear and crevasse-like, as are common in Santa Fe I Black-on-white and the Cibola and San Juan wares. The dense, fine temper gives Santa Fe II Black-on-white a subtly soft feel and earthy quality reminiscent of unfired pottery and 
foreshadowing the later Wiyo and Biscuit types. Like those types, it tends to “clunk” rather than “clink” when dropped or tapped. Harder, “dinky” specimens occur, however, especially in siltstone varieties lacking calcium carbonate inclusions. These may require microscopic inspection to differentiate from Santa Fe I Black-on-white or fine-paste specimens of Loma Fria Black-on-white. Surfaces are generally uniformly well-finished, often with a high, vitreous polish, and may be unslipped, self-slipped or slipped with a thin, even, white wash. Unslipped or self-slipped specimens have a blue-gray color similar to the paste. When a white wash is present, it fails to completely obscure the underlying gray, producing a thin, streaky, uncrazed, well-polished wash similar to those on Chaco McElmo and Santa Fe I Black-on-whites. Earlier examples, with tapered rims and unfinished bowl exteriors, are similar to Santa Fe I Black-on- white with Pueblo III designs and carbon paint on an intermediate white ware vessel (Figure5.13) . Later examples, with thicker walls, and polished exterior bowl surfaces parallelling interior surfaces to a bluntly rounded or squared and often decorated rim, represent the evolution of Santa Fe Black-on-white into a fully developed late whiteware.

In the Rio Grande Valley, this type is dated to the interval between A.D. 1200 and 1350 (Breternitz 1966). While that beginning date seems to hold for the middle Rio Puerco Valley, an earlier ending date is assigned in the Puerco based on a near absence of Santa Fe Black-on-whitefrom seriation group 17 assemblages, which produced tree-ring dates clustering around A.D.1270.
Loma Fria Black-on-white (est. A.D. 1220 to 1270)

In the southern portion of the RPVP study area, Santa Fe Black-on-white was replaced as the dominant whiteware type during the middle thirteenth century by a type of pottery which is technologically and morphologically similar to Mesa Verde Whiteware. This material has the thick wall, parallel surfaces, and blunt or squared rims of good late whiteware and a medium- gray, relatively coarse paste tempered with crushed potsherds and/or sand (Figures 5.14, 5.15). There is some tendency for Loma Fria Black-on-white to be tempered with sand in the northern portion of the study area, and with sherd in the south. Decorated surfaces are self-slipped and often slightly darker than the paste due to polish compaction. Decoration is in carbon paint, in a

90



Figure 5.12. Santa Fe II Black-on-white.
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Figure 5.13. “Loma Fria I” Black-on-white.
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Figure 5.14. Loma Fria Black-on-white.
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variety of Pueblo III Band and other, less standardized, styles, reminiscent of both Santa Fe and 
McElmo Black-on-whites. Jar exterior and bowl interior surfaces are always polished, whereas 
bowl exteriors may or may not be polished. Crazing occurs commonly but is not ubiquitous, and is generally subtle, often visible only when wet-surfaces generally appear uncrazed upon cursory examination. Polish appears to have been applied over the paint, resulting in a characteristic 
blurring and streaking of the edges of the paint.

Two sherds of “Galisteo Black-on-white” pictured by Mera (1935 :Plate XI, top right, top 
center) appear to be examples of Loma Fria Black-on-white as defined here. It is likely in reference to these and similar materials that Mera makes the following comment after quoting at 
length from Amsden's description of the “Crackle Type” mainstream Galisteo Black-on-white 
from Forked Lightning Pueblo at Pecos (Amsden 1931:25-26):

The greatest deviation from [Amsden's] description lies in the smoother, more polished and less
crackled forms that appear to be relatively more common in the central and especially western
portion of the region o f distribution (Mera 1935:21).
It seems very likely that Mera collected Loma Fria Black-on-white pottery and considered it to be a variety of Galisteo Black-on-white. Loma Fria Black-on-white may, in fact, represent 

colonization of the middle Rio Puerco Valley by immigrants from the San Juan drainage, similar to that represented by Galisteo Black-on-white in the Galisteo Basin.
Materials almost identical to our Loma Fria Black-on-white dominated the assemblage at the Prieta Vista site in the Raton Springs area, a short distance southeast of the RPVP study area. That material was designated “McElmo Black-on-white, Chaco Variety” by its analysts (Bice and Sundt 1972:104-120). Because this material is very unlike Chaco-McElmo Black-on-white, we chose to use a less confusing name. Perhaps something like “McElmo Black-on-white, Prieta Vista (or Loma Fria) Variety” would have been a wiser choice, but the opportunity is gone.
As mentioned above under Santa Fe I Black-on-white, the Loma Fria Black-on-white category as employed in the seriation includes a class of self-slipped, intermediate whiteware pottery which was termed “Loma Fria I Black-on-white” during the sort. This material is similar to Santa Fe I Black-on-white in its morphological, technological and stylistic qualities, differing only in its slip. Instead of the white wash characteristic of Santa Fe I Black-on-white, this material has a gray self-slip which is commonly lightly crazed. It should probably have been lumped with Santa Fe I Black-on-white rather than Loma Fria Black-on-white for seriation and assemblage classification purposes. Inclusion of this material in the Loma Fria Black-on-white category is likely responsible in large part for the strong representation of Loma Fria Black-on-white in seriation groups 13-15.
The Loma Fria Black-on-white category was also muddied by inclusion of a class of sand-tempered pottery, mostly from Guadalupe Ruin, which we now believe should have been differentiated as a variety of Vallecitos Black-on-white. Time limitations precluded a planned recheck to separate this material. It is discussed in detail below.
A small number of sherds classified as Loma Fria Black-on-white in the Guadalupe Ruin assemblages, including both sherd/sandstone and Vallecitos Black-on-white sand tempered materials, are slipped with a white clay, ranging from thick and crazed like Galisteo Black-on-white, to uneven and streaky like the Chaco series Cibola Whiteware types. The sherd tempered group could and probably should have been classified as Galisteo, while the latter group may be similar in part to Sundt's “Galisteo Black-on-white, Jemez Variety” (Sundt 1984).
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Loma Fria Black-on-white is dated to the interval A.D. 1220 - 1270+, largely by reference 
to a series of tree-ring dates between A.D. 1233 and 1262 from sites with “Mesa Verde” (almost 
certainly Loma Fria Black-on-white) pottery in the Raton Springs area (Sundt 1984).
Mesa Verde Black-on-white (est. A.D. 1250 to 1300 in the Puerco)

This category was used restrictively in the RPVP analysis, with reference to late whiteware having the properties of classic Mesa Verde Black-on-white from southeastern Colorado. These include a “pearly” gray or white surface resulting from a complete, vitreous polish on a thick, even slip (including self-slip); fine crazing; well-squared rim; and designs within the range of those reported on Mesa Verde Black-on-white in the San Juan drainage. This type occurs in more than trace quantities only in the late assemblages at Guadalupe Ruin and Helicopter Mesa, both of which are believed to have been inhabited by late thirteenth century 
immigrants from the San Juan drainage.

Although this type appears during the A.D. 1100s in the San Juan drainage (Blinman and Wilson 1989; Breternitz et al. 1974), it is believed to post-date A.D. 1250 as a significant type in the middle Rio Puerco Valley. This assessment is based on a series of tree-ring dates ranging from A.D. 1264 to 1275 from Mesa Verde-dominated assemblages at Guadalupe Ruin, and the low incidence of the type in Loma Fria Black-on-white dominated assemblages of seriation groups 16 and 17. It is possible, of course, that seriation groups 16 and 17 are contemporaneous, representing an indigenous or longer-established Loma Fria population and a newly arrived immigrant Mesa Verde population, respectively. That appears unlikely, however (if the type counts reflect reality rather than uncorrected typological bias during the sort), given the near 
absence of Mesa Verde Black-on-white sherds in the Loma Fria assemblages.
Vallecitos Black-on-white (est. A.D. 1270 to 133+?)

This class of material was lost into the Loma Fria Black-on-white category during the rough sort, and planned re-sort to separate it was prevented by time limitations. It figures importantly in the late ceramic history of the middle Rio Puerco Valley, however, and will be discussed in detail.
The Vallecitos-like material (Figures 5.16, 5.17, 5.18) occurs in quantity in the later strata at Guadalupe Ruin, where it replaces sherd tempered Mesa Verde and Loma Fria Black-on- whites through time. It resembles black-on-white material from late Pueblo III - Pueblo IV period sites on the Jemez River, which has been classified as Vallecitos Black-on-white (William M. Sundt, personal communication, 1985). This material is distinguishable by its distinctive, abundant sand(stone?) temper, which at 20 diameters magnification appears as a colorful, medium-fine quartz sand with muscovite and pumice/tuff inclusions. The color of the paste is a gray to tannish-gray, and its texture is fine and homogeneous. The pumice/tuff ranges from moderately large clasts of weathered tuff or pumice to very finely reduced glass shards which may be barely visible or invisible at 45 diameters, the limit of magnification of the microscopes used in the RPVP rough sort. The glass fragments from the pumice/tuff often give the paste a minute sparkle even when the individual glass shards or tuff inclusions are too fine to resolve with a low power microscope. In some instances, neither the sparkle nor the visible pumice or tuff fragments are in evidence, but the distinctive, colorful sand and muscovite inclusions are sufficient for identification. The abundant, homogeneously-sized sand temper gives this paste a look reminiscent of Santa Fe II and Wiyo Black-on-whites, but the sand is coarser and more heterogeneous than the Santa Fe siltstone, and contains different inclusions.
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Figure 5.16. “Vallecitos” Black-on-white.
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Figure 5.18. Two partially reconstructed late “Vallccitos” Black-on-white
bowls from Guadalupe Ruin.
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Sherds with the “Vallecitos” temper described above mimic a number of other types, including Mesa Verde and Santa Fe Black-on-whites. Some have the blue-gray to tan-gray look of Santa Fe Black-on-white, and are decorated in Rio Grande Band style and similar designs representative of fully developed Pueblo III whiteware types in the Rio Grande area. Others are very like McElmo/Mesa Verde Black-on-white, with polished interior and exterior surfaces, squared rim, Mesa Verde style designs, etc. Still others bear simple, somewhat crude, broad-line designs somewhat reminiscent of those on Jemez Black-on-white.
There is a clear tendency for this material to replace true Loma Fria and Mesa Verde Black-on-whites in the late deposits at Guadalupe Ruin, and some rooms (rooms 5 and 8W, for example) contain almost pure deposits of Vallecitos Black-on-white overlying deposits dominated by the sherd tempered Mesa Verde and Loma Fria Black-on-whites. The last pottery deposited at Guadalupe, represented by a number of partially restored bowls, is a fully evolved Vallecitos Black-on-white variety with soft white slip and sloppily executed carbon paint designs in a late Santa Fe-Wiyo-Pindi-Poge-Galisteo design system. This pure Vallecitos Black-on-white assemblage is not reflected in the seriation, and may have lasted into the fourteenth century. Vallecitos-like material is represented only sporadically elsewhere in the valley.
The sherd-tempered and sand-tempered varieties of late whiteware at Guadalupe Ruin were designated “Guadalupe Black-on-white Variety 1 and 2,” respectfully, by Pippin in his comprehensive study of that site (Pippin 1987).

The White Mountain Redware Types
White Mountain Redware has been thoroughly discussed and its types well described by Carlson (1970). It is characterized by thick, well-polished, enamel-like red or orange slips over gray to white, pink or orange paste tempered with coarse sherd and sand. Following Carlson's definitions, RPVP analysts recognized the following types:

Puerco Black-on-red (est. A.D. 1000 to 1200)
This type is decorated in a generalized Black Mesa-Sosi-Puerco design style, on a deep red slip which covers all exposed vessel surfaces. Hachure is absent, and bowl exteriors are undecorated. The date used here is that suggested by Carlson (1970:9).

Wingate Black-on-red (est. A.D. 1050 to 1200)
This category encompasses those vessels with red slip on all exposed surfaces, and black paint decoration in the Wingate/Reserve or (occasionally) Tularosa style. A few sherds mostly from jars, are identical to red-slipped St. John's Polychrome but lack the exterior white designs. Most are true Wingate Black-on-red, however, with Wingate/Reserve style decoration. The estimated dates given above are those offered for Wingate Black-on-red by Bretemitz (1966) and Carlson (1970).

Wingate Polychrome (est. A.D. 1125 to 1200)
Wingate Polychrome as defined by Carlson includes those specimens with bowl interiors decorated in black paint on red slip, and either unslipped white/cream or slipped white bowl exteriors decorated in lines of red slip. It thus encompasses both Houck Polychrome and Querino Polychrome as defined by Colton and Hargrave (1937:121-122). The dates used here are those suggested by Carlson.
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St. Johns Polychrome (est. A.D. 1175 to 1300)
This type encompasses those White Mountain specimens with red or orange slip on all 

exposed surfaces, black painted decoration on bowl interiors, and broad-line designs in white slip 
on bowl exteriors. During the analysis, an attempt was made to differentiate between red- vs. orange-slipped St. Johns Polychrome, since red slip clearly gives way to orange slip through 
time. The dates used here are Carlson's.

Temporal and Spatial Relationships, Trends and Patterns
The methodology used to generate the ceramic-temporal framework used throughout this volume is described in detail in Chapter 6. This section summarizes the ceramic history of the study area as reflected in the seventeen composite ceramic group profiles defined in Chapter 6, and interprets that history in a larger cultural context.

Introduction
It must be emphasized that the seriation and classification of assemblages as described above was based on selected types, rather than full assemblages. In order to minimize the typological “noise” and maximize the numerical variation between assemblages, certain sorting categories were excluded from these analytical assemblages. Overwhelmingly abundant and long-lived materials such as plain gray and corrugated body sherds were dropped because their inclusion would have suppressed percentages of other types and masked significant variation in the distribution of temporally more sensitive types. Likewise, types which occurred only in very small amounts were excluded, because their inclusion would have complicated the seriation without significantly influencing the results. As a result of this selective process, the type 

assemblages generated by the seriation cannot be meaningfully compared to full assemblage profiles normally presented in other archaeological literature, nor can they be used as a basis for the discussion of extra-regional trade patterns.
It is not possible at present to meaningfully examine the obvious problem of contemporaneous versus temporal variation among the assemblages. There is at least an outside possibility that some of the ceramic groups represent contemporaneous differences in the valley, especially among the later groups. For purposes of this discussion, the tightness of the multidimensional scaling curves and near absence of seriation reversals or bimodal popularity distributions by type are interpreted as indicating a unidimensional source of variability, and that dimension is clearly assemblage change through time. The ceramic groups are thus assumed to represent sequential segments of time, or actual calendrical periods.
Some cautionary comments are in order regarding the manner in which the dates for the ceramic groups were derived. The ceramic mean method is simply a mathematical approach to old fashioned cross-dating, with some added potential dangers and interpretive pitfalls. While the paucity of directly-dated materials from RPVP proveniences and from the eastern Cibola area in general necessitates some kind of cross-dating approach, it also increases the risk of dating distortion due to regional variation in the rate of stylistic change. The middle Rio Puerco Valley lies at the eastern fringe of the Chaco-Anasazi territory with its relative abundance of dated assemblages, and near the Rio Grande Valley where there may have been a significant ceramic stylistic lag vis-a-vis the Chaco area. The vast majority of dates from pre-A.D. 1200 assemblages in the Cibola area are from the northern and western regions (the Chaco-Gallup- Zuni-Reserve Provinces). To the east, in the Rio Grande Valley and its tributaries, direct dates are much less abundant. Where they exist, they are often inconsistent with excepted dates from
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other areas. The most obvious example is the apparent persistence of Kana'a Gray neckbanded pottery in the Rio Grande area for at least a century after its disappearance in the Colorado Plateau to the west and northwest (e.g., McNutt 1969:76-77). Likewise, the San Marcial Variety of White Mound Black-on-white in the Zia region to the northeast of the RPVP study area, occurs in pithouses dated to the middle tenth century, nearly a full century after conventional wisdom recognizes White Mound's demise. Here it is important to note, however, that tree-ring 
dates in pre-A.D. 1250 assemblages in the Rio Grande area are extremely rare, and most dates are derived from less reliable means, such as archaeomagnetic or radiocarbon dating. While these kinds of dates have been utilized to determine RPVP ceramic type dates in some cases, ceramic groups have relied primarily on tree-ring datable associations. In the absence of convincing evidence that the eastern Cibola Anasazi were truly so conservative or peripheral that ceramic type dates which are well-demonstrated elsewhere cannot be applied east of Mount Taylor, little choice is left in terms of ceramic dating.

In addition to the problem of the applicability of ceramic dates derived outside the study area, there are five important weaknesses inherent in the mean dating method itself, regardless of the reliability of the type dates used. First, different types last different lengths of time, and mean dates for groups dominated by short-lived types will be much more accurate than those for groups dominated by long-lived types. The longer the lifespan of dominant types, the more the mean dates for assemblages dominated by those types are pulled toward the median dates of those type's life spans. As a result, we can expect that in a series of ceramic groups dominated by a single long-lived type (e.g., Groups 4 through 8, which are all dominated by Red Mesa II Black-on-white), the use of a single median date for the dominant type will have the effect of pulling the earlier and later periods toward the center.
Second, sites with longer occupations will have more heterogeneous collections. The inevitable admixture of materials between components (especially earlier materials in later assemblages) will tend to distort the mean assemblage dates toward one another.
Third, dates for types may be correct for the type as a whole, but not for that type in a specific locality where it occurred commonly for only part of its full lifespan. Fully developed Santa Fe Black-on-white (our Santa Fe II), for example, is common throughout the middle and late thirteenth century in the upper Rio Grande, with an estimated median date of about A.D. 1275. In the middle Rio Puerco Valley, however, which is at the western edge of Santa Fe's territory, the type drops off significantly with the appearance of the Loma Fria Black-on-white dominated complexes, which we have good reason to believe pre-date A.D. 1260. Use of a median date which is correct for Santa Fe II Black-on-white as a whole would obviously distort the actual dates for those assemblages in which it is the dominant type, by pulling them significantly forward in time.
Fourth, the occurrence of significant percentages of one or more types in an assemblage might deductively require a minimum or maximum date outside the range computed for an assemblage by interpolation between ceramic mean dates. Our Ceramic Group 1, for example, has an estimated termination date of A.D. 807, more than four decades prior to our estimated beginning date for Red Mesa II Black-on-white, which accounts for three percent of the assemblage. In this case the anomaly was attributed to sampling error due to small sample size, but the potential for an averaging method to generate logically unacceptable date ranges is obvious.
Fifth, and finally, the definition of period boundaries by interpolation from computed ceramic mean dates implicitly assumes continuous occupation of the study area. Any
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occupational hiatus will be masked by the method. While there were probably no prolonged 
abandonments of the middle Rio Puerco Valley prior to A.D. 1300, project data are insufficient 
to demonstrate conclusively that there were or were not brief occupational hiatuses.

It is important to remember that project time limitations prevented a re-check of the sorted collections to assess and correct data “noise” resulting from changing insights on the part of the analysts through time and inconsistent sorting biases and criteria between analysts. There can be no doubt that a back-check and cleaning of the data on the basis of typological boundary definitions refined with the clarity of hindsight would strengthen and tighten some ceramic group 
definitions and possibly significantly alter others.

Some of the above problems are minimized by criteria used to determine the lifespans and median dates of certain key types (see type descriptions). In general, the ceramic groups and their assigned dates are believed to provide a good representation of the change in ceramic 
associations in the middle Rio Puerco Valley.

Each of the 17 ceramic “periods” derived through sedation (Chapter 6) will be discussed in chronological order, with attention to the character of the assemblage, temporal and cultural implications, and possible hidden problems resulting from the way types were sorted and categories were lumped for the sedation. For convenience, each period is named after the dominant painted ceramic type of the period. The section will conclude with a synthetic summary discussion of trends and patterns in Rio Puerco ceramic distributions, and implications with regard to cultural affiliation and external relationships.
Ceramic Beginnings in the Middle Rio Puerco Valley

(est. range ? to A.D. 600)
There is slight evidence of an initial intrusion of plain brown Mogollon ceramics into the 

middle Rio Puerco Valley prior to the development of the indigenous grayware technology. The sole known assemblage from this early episode is that from the “Vernon Site,” located south and west of the confluence of the Rio Puerco and Salado Creek, at the extreme southern end of the 
research area (Figure 5.19). Excavation at this site (Kinkade 1973) produced a ceramic assemblage composed entirely of Alma Plain ceramics, likely representing a few broken vessels. The remainder of the assemblage includes a series of large, comer-notched points and a surprising diversity of materials, including obsidian, turquoise, and shell.

Occupation of the Vernon Site was tentatively assigned to the Basketmaker III period, largely on the basis of the projectile point styles, the presence of Alma Plain ceramics and the absence of diagnostic Pueblo I or later pottery (Kinkade 1973). The clear absence of Anasazi reduced pottery would seem to permit the narrowing of the occupation date to the period prior toA.D. 600, if not A.D. 500. The correct association would thus seem to be late Basketmaker II - early Basketmaker III, or the period ca. A.D. 300 to 600.
The implications of this single site are not clear. It seems to represent an almost unique event in the valley, although it is certainly possible that other assemblages of this component have been obscured by continued occupation into later periods (when Alma Plain occurs as an intrusive), or later reoccupation.
The diversity of assemblage is interesting. It is tempting to interpret the presence of shell, obsidian and turquoise, in addition to foreign pottery, as evidence of the occupants' involvement
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Figure 5.19. Middle Rio Puerco Valley region with locations identified that are discussed 
in the text. The southwest corner of the map is located at 293000E, 3907000N, Zone 13, 
in the UTM coordinate system.
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in a thriving trade network, long prior to the Chaco fluorescence. Perhaps, even before Basketmaker III times, the Rio Puerco was acting as a conduit for the transport of trade goods.
No other assemblage of this nature was encountered in the Puerco study, and this is not included in the seriation. It appears to predate Ceramic Group 1, which represents an 

undifferentiated Basketmaker III to early Pueblo I occupation.
Ceramic Group 1, La Plata - White Mound Period

(est. range A.D. ? to ca. 828, computed mean 807)
The earliest period represented in the seriation groups is defined from two small assemblages with a total of 62 sherds. It is heavily dominated by the late Basketmaker - early Pueblo I period types La Plata and White Mound Black-on-whites also represented in significant quantities. Red Mesa Black-on-white, generally considered to be a late Pueblo I - Pueblo II type, is represented by two sherds for 6 percent of the seriated assemblage. This seemingly high 

percentage is undoubtedly a result of sampling error due to the smallness of the assemblage, magnified by the importance of painted wares in the seriation assemblages. The two Red Mesa Black-on-white sherds are considered to be intrusive from later occupations. Culinary wares are restricted entirely to Lino Gray and plain gray body sherds (likely from Lino Gray vessels).
La Plata and White Mount Black-on-whites were lumped for seriation purposes, due to some inconsistency in their classification. Careful scrutiny of sorting logs and spot-checking of collections clearly indicates that La Plata Black-on-white is a minor type in the valley, and is virtually always dominated by White Mound Black-on-white. Nonetheless, the lumping of the types and the small sample of material in the seriation group raise the possibility that the assemblages classified in Ceramic Group 1 (as opposed to those actually used in the seriation) may together span a considerable interval, perhaps much of the Basketmaker III period and part of Pueblo I (A.D. 500 to 850). Pure La Plata assemblages were clearly rare in the valley (two small assemblages may represent a pre-White Mound occupation), but there is a strong probability that more are present but masked in sites that were occupied well into White Mound and later periods. It bears noting here that small sherd assemblages dated on the basis of an absence of certain types can be greatly modified by the addition of remnants of a single vessel, and interpretive caution must be exercised.
It is assumed that a more respectable sample of Basketmaker - Pueblo I excavated assemblages would have permitted the subdivision of this ceramic group into several more narrowly and accurately defined assemblages. Bums (1978:22), for example, subjectively recognized three pre- A.D. 875 assemblages in the middle Rio Puerco Valley, based on presence - absence associations . No intrusive pottery types were observed in the two seriated assemblages which comprise this group. Other assemblages classified wholly or in part into this group contain traces of Alma Plain, Lino Black-on-gray and Chapin Black-on-white.

Ceramic Group 2, Polished White Mound - San Marcial Period
(est. range A.D. 829 to 863, computed mean 849)
The significance of this assemblage is minimized by the small number and size of its constituent assemblages (two assemblages from the same locality on Basketmaker Mesa, with a combined seriation assemblage of 41 potsherds, from a total combined assemblage of 425). The assemblage is still relatively simple, with polished White Mound - San Marcial Black-on-whites
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heavily predominant over La Plata - White Mound Black-on-whites. Red Mesa Black-on-white occurs in quantity for the first time in both the early (Red Mesa I, 13 percent) and intermediate (Red Mesa II, 16 percent) varieties. Kana'a Gray does not yet appear, at least in this limited sample, but it may well occur in limited quantities in a larger sample.
The occurrence of such high percentage of Red Mesa Black-on-white in a White Mound dominated assemblage has not been documented elsewhere, and is likely due at least in part to sampling error. Small amounts of Red Mesa Black-on-white in White Mound - San Marcial 

assemblages have been reported, however, from the Santa Ana area 40 km east of the study area (LA 25860, Ferg 1983; and LA 25852, Hammack 1983). Both of those sites produce Kana'a Gray as well. A third site in the same area has been reported to have yielded San Marcial Black- on-white and Kana'a Gray, with no Red Mesa Black-on-white (Allen and McNutt 1955). Unfortunately, the report on the latter site provided neither pottery counts nor illustrations, so it is difficult to evaluate. Nor did it produce independent dates. The Ferg (1983) and Hammack (1983) reports provide both counts and illustrations, and their classification appears to be consistent with that used in this study. The two structures produced archaeomagnetic dates of A.D. 925 ± 15 and A.D. 935 ± 15 (DuBois 1983), which seem as anomalous in their lateness as the assemblages do in their type associations. Nonetheless, a date is a date, and there are few of them in the early components of the eastern Cibola.
These dates raise the possibility that the dates for White Mound - San Marcial assemblages should be extended a full century, to the middle tenth century, and that Ceramic Groups 1 and 2 in the RPVP seriation may be much later than supposed. This seems unlikely, given the available tree-ring associations. Even though there are no tree-ring dates associated with White Mound assemblages east of Mount Taylor, it seems highly unlikely that a hundred year lag would have occurred in the ceramic developments between the east and the west. For the time being, it appears advisable to suspend judgement, pending refinements in the archaeomagnetic dating technique, or the dating of these assemblages by dendrochronological association.
Recognizable intrusives show an increase in Ceramic Group 2, comprising 15 percent of the seriated assemblage and 1.6 percent of the total. Intrusive types are Deadmans Black-on-red (1 sherd), Alma Plain (1 sherd) and San Francisco Red (4 sherds). Ceramic Group 2 is considered to represent a generalized Pueblo I period occupation, ending in the middle ninth century (as indicated by the absence of neck-banded grays and the appearance of Red Mesa Black-on-white).

Ceramic Group 3, Red Mesa - Kiatuthlana Period
(est. range A.D. 864 to 903, computed mean 876)
This group represents a terminal Pueblo I period occupation in the middle Rio Puerco Valley. Like the first two groups, it suffers from sample inadequacy: A seriation assemblage of 72 sherds is drawn from a total combined assemblage of 435, representing a single site on Basketmaker III Mesa.
La Plata - White Mound and Polished White Mound - San Marcial Black-on-whites are still abundant, comprising 18 percent and 22 percent of the seriated assemblage respectively.Red Mesa Black-on-white dominates the assemblage for the first time, with the early and intermediate varieties accounting for over half of the seriated assemblage (28 percent and 24 percent respectively). Neck banded gray (Kana'a Gray) appears in significant amounts (8

106



percent) for the first time. Recognizable intrusives include a single sherd each of Bluff Black-on- 
orange and Sanostee Red-on-orange, comprising 0.5 percent of the total assemblage. External 
connections to the northwest are indicated.

Only one intrusive sherd, an Alma Plain from the Mogollon country, was recognized in 
this assemblage. It is likely that a larger sample would yield a wider array of intrusives.
Ceramic Group 4, First Red Mesa II Period

(est. range A.D. 904 to 937, computed mean 929)
Like all the early seriated assemblages, this group suffers from smallness of sample size. The seriated assemblage consists of 68 sherds from a total assemblage of 219, from two sites on Basketmaker III Mesa and the gravel terrace outlier east of Guadalupe Mesa. Red Mesa Black- on-white has risen to overwhelming dominance, with the intermediate and early varieties accounting for 53 percent and 22 percent of the seriated assemblage, respectively. Kana'a Gray has risen to 12 percent of the seriated assemblage. Indented Corrugated, Red Mesa III Black-on- white and Puerco - Escavada Black-on-white all occur for the first time. Their appearance is likely due in part to mixing from later assemblages, however, as indicated by their near absence or scarcity in the subsequent, sizable Ceramic Group 5 sample. The probability of mixing 

combines with the less-than-adequate sample size, to cast some doubt on the reality of this group as a meaningful assemblage. It may, in fact, represent the same occupation as that represented by Ceramic Group 5, but on long-occupied sites which have quantities of earlier ceramics. This would tend to suppress the percentages of the types which were actually in production and use, and “pull” the assemblage into an intermediate position on the seriation. This would also help 
explain the anomalous early occurrence of the several above-listed pottery types. It thus seems likely that this group represents settlement of previously occupied localities, contemporaneously with the colonization of the previously unsettled locality adjacent to Guadalupe Mesa, represented by Ceramic Group 5.
Ceramic Group 5, Second Red Mesa II Period

(est. range A.D. 938 to 950, computed mean date 945)
This group is the earliest to boast a respectable sample size, with 352 sherds in the seriation assemblage, drawn from a total assemblage of 629. The sample represents proveniences in three sites, all in the Guadalupe Mesa cluster, which was heavily colonized at this time. As argued above, this colonization and its associated ceramic assemblage may be partly or wholly contemporaneous with the Ceramic Group 4 assemblage, if Ceramic Group 4 represents Red Mesa II - dominant occupation in previously occupied sites with earlier ceramic assemblages.
The seriated assemblage is heavily dominated by Red Mesa II Black-on-white (66 percent), followed by Kana'a Gray, which occurs in large quantities (30 percent of seriated assemblage). Red Mesa I Black-on-white has dropped abruptly to ca. 2 percent, and other types are represented only in traces.
Only one foreign sherd was recognized. It was a Cebolleta Black-on-white sherd, likely intruded from a later deposit in company with a single, obviously intrusive, Loma Fria Black-on- white sherd.
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This assemblage is remarkable simple. It essentially consists of one type of painted ware, Red Mesa II Black-on-white, and one type of culinary ware, Kana'a Gray. These two types 
together account for 96.2 percent of the seriated assemblage. If we make the reasonable assumption that plain gray body sherds represent lower portions of Kana'a Gray vessels, then the 
two types account for 94 percent of the full assemblage. This cannot be due to sampling error, because of the large sample, drawn from four provenience units from three separate sites.

This degree of uniformity is startling, and without parallel in the authors' experience. It is interesting that Ceramic Group 5 represents a period of marked settlement change in the valley, with old settlements in places like Basketmaker III Mesa, Gonzales Mesa, etc., being abandoned coincidentally with a large-scale colonization effort around the base of Guadalupe Mesa. That colonization apparently marks the beginning of the “Chaco outlier” community at Guadalupe Mesa, which was to dominate settlement in the middle Rio Puerco Valley for the next two 
centuries. The Ceramic Group 5 assemblage represents early Pueblo II period settlement in the 
study area.
Ceramic Group 6, Third Red Mesa II Period

(est. range A.D. 951 to 968, computed mean 954)
This group continues the overwhelming dominance of Red Mesa II Black-on-white and Kana'a Gray (47.7 percent and 36.5 percent = 84.2 percent of seriated assemblage, and 21 percent + 16 percent = 37 percent of full assemblage; perhaps 70 percent of the full assemblage if plain gray body sherds are assumed to derive from Kana'a Gray vessels.) This assemblage differs from the previous one primarily in the appearance of significant quantities of indented corrugated grayware (recognizably early corrugated sherds, i.e., exuberant etc., comprised 5 percent of the seriated assemblage, and all corrugated sherds account for 14 percent of the total) and Red Mesa III Black-on-white (7.4 percent of seriated assemblage). Later Pueblo II types such as Gallup or Puerco - Escavada Black-on-whites have yet to appear except in trace quantities.
This group is defined from a good sample of 522 sherds in the seriated assemblage drawn from a total combined assemblage of 1,195, representing six excavation proveniences in four sites in the Guadalupe Mesa locality. It is clearly a very solid assemblage, perhaps the strongest 

in the study. It represents a slightly evolved early Pueblo II period occupation of the valley.
Some admixture with later assemblages is indicated by the presence of trace amounts of Santa Fe II and Loma Fria Black-on-whites, and one White Mountain Redware sherd. Some of the indented corrugated sherds are likely intruded as well. Recognizable intrusive trade types account for 0.3 percent of the total assemblage, including one Kana'a Black-on-white sherd from the Kayenta area and two sherds of Deadman's Black-on-red from the northern San Juan.

Ceramic Group 7, Fourth Red Mesa II Period
(est. range A.D. 969 to 990, computed mean date 982)
This group was defined from a good sample of 838 sherds in the seriation assemblage, drawn from a total assemblage of 2,219 sherds. The assemblage is compiled from ten excavation proveniences in seven sites in the Guadalupe Mesa, Terrace Outlier, and Gonzales Mesa localities.
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Ceramic Group 7 shows a significant increase in indented corrugated grayware and Red Mesa III Black-on-white. The ratio of early indented corrugated to Kana'a Gray is approximately 
6:10; the ratio of all corrugated to Kana'a Gray is approximately 3:1 in the full assemblage; Red Mesa III Black-on-white has increased to 21 percent of the seriated assemblage, almost equal to Red Mesa II Black-on-white, which accounts for 23 percent of the seriated assemblage. Gallup 
Black-on-white occurs in significant quantities for the first time (Gallup I, 6 percent + Gallup II, 
2 percent = 8 percent of the seriated assemblage), and Puerco - Escavada Black-on-white appears 
for the first time at just over 1 percent of the seriated assemblage.

A long series of relatively late types represented in trace quantities (2 to 3 percent of the 
total assemblage) indicates some admixture with later assemblages. This “tail” of clearly intrusive types occurs in most subsequent assemblages, reflecting long term settlement stability 
or reoccupation of the larger sites around Guadalupe Mesa.

Recognizably intrusive tradewares are absent from the Ceramic Group 7 assemblage, 
except for the later material intruded from later occupational levels. This group represents a 
middle Pueblo II occupation of the valley.
Ceramic Group 8, Fifth Red Mesa II Period

(est. range A.D. 991 to 1016, computed mean 998)
This group is defined from a good sample of 728 sherds, from a total assemblage of 2,009. The assemblage represents seven excavation proveniences from six sites in the 

Guadalupe Mesa locality.
Red Mesa II Black-on-white continues to be the dominant decorated type, accounting for almost 28 percent of the seriated assemblage. Kana'a Gray is still present in significant amounts 

(ca. 15 percent of the seriated assemblage, 3 percent of the total), but is being eclipsed by indented corrugated (10:1 ratio of indented corrugated to Kana'a Gray in the total assemblage). Gallup Black-on-white has become an important component of the assemblage (Gallup I, approximately 10 percent + Gallup II, approximately 14 percent = approximately 24 percent of the seriated assemblage), while Puerco - Escavada Black-on-white has risen more slowly in popularity (approximately 4 percent of the seriated assemblage).
Over 2 percent of the full assemblage is comprised of Pueblo III period materials which are clearly intruded from late reoccupation levels of the Guadalupe Mesa locality sites. Two sherds of Deadman's Black-on-red from the northern San Juan country are the only recognizable intrusives which are not attributable to the late admixture. This ceramic group represents a Middle Pueblo II period occupation of the middle Rio Puerco Valley.

Ceramic Group 9, First Gallup II Period
(est. range A.D. 1017 to 1055, computed mean 1033)
This ceramic group is defined from a good sample of 608 sherds in the seriated assemblage. The seriated assemblage was drawn from a total assemblage of 2,328 sherds, from eight provenience units representing seven sites from the Guadalupe Mesa, Terrace Outlier, and Pill Terraces localities.
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This group marks the end of the long dominance of Red Mesa II Black-on-white and the ascendancy to dominance of Gallup II Black-on-white in the seriated assemblage. Red Mesa II Black-on-white drops off abruptly, and is dominated in this assemblage by both Red Mesa III and Gallup I Black-on-whites. Kana'a Gray is almost completely dominated by indented corrugated utility ware (ratio less than 1:40). Plain gray body sherds remain common, accounting for 20 percent of all culinary pottery. They are assumed to represent lower portions of neck-corrugated 
vessels.

With the possible exception of minute quantities of Socorro Black-on-white and Puerco 
Black-on-red, the only recognizable intrusive in the Ceramic Group 9 assemblage represent late 
admixtures in re-occupied sites. Ceramic Group 9 represents a middle - late Pueblo II period occupation of the middle Rio Puerco Valley.
Cera ic Group 10, Second Gallup II Period

(est. range A.D. 1056 to 1091, computed mean 1077)
This group is defined from a moderately good sample of 313 sherds in the combined seriation assemblage. The seriated assemblage is drawn from a total assemblage of 1,509 sherds, representing four provenience units from three sites in the Guadalupe Mesa locality and nearby Salado Canyon (north).
Gallup II Black-on-white heavily dominates the seriated assemblage (56 percent; almost 10 percent of the full assemblage). Puerco - Escavada Black-on-white is at the peak of its popularity (approximately 20 percent of the seriated assemblage). The problematical style group which we have designated “Kwahe'e I Black-on-white” is present in significant quantities for the first time (approximately 4 percent of the seriated assemblage). Early examples of carbon painted whitewares occur in small quantities, represented by the crude, transitional material which we have called “Casa Salazar Black-on-white” and the Chaco-McElmo-like earliest Santa Fe I Black-on-white material.
Kana'a Gray has essentially disappeared, and plain gray body sherds comprise only 6 percent of the full assemblage. Recognizable intrusives constitute almost 1 percent of the full assemblage, but all appear to be intruded from late reoccupation levels. Ceramic Group 10 associates with the first serious Anasazi colonization of the southern part of the research area.

Ceramic Group 11, Third Gallup II Period
(est. range A.D. 1092 to 1126, computed mean 1105)
This group is defined from a good sample of 407 sherds in the combined seriation assemblage. The seriation assemblage is drawn from a total combined assemblage of 2,142 sherds, representing five sites in the Guadalupe Mesa, Guadalupe Canyon, Gonzales Ranch, and Keyhole Kiva localities. The latter represents the first appearance of any assemblage from the southern portion of the study area in the seriated assemblages. The assemblage differs from that of the previous group primarily in a significant increase in the occurrence of Kwahe'e I Black-on- white to ca. 6.5 percent of the total combined assemblage. Plain gray body sherds and Kana'a Gray together account for only a trace. Recognizable intrusive types comprise 0.4 percent of the total combined assemblage. Judging from frequency distribution curves, this group marks the real beginning of the massive influx of southern intrusive types which characterizes Pueblo III 

assemblages in the middle Rio Puerco Valley. Recognizable intrusives (each represented by one
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or two sherds, for 0.1 percent or less of the total combined assemblage) include Tularosa Black- 
on-white, Cebolleta Black-on-white, Puerco Black-on-red, Wingate Black-on-red, St. Johns 
Polychrome (red), and undifferentiated White Mountain Redware.

Ceramic Group 11 is associated with an apparent major increase in occupational density in the southern part of the research area, and a significant decline in occupation in the Guadalupe 
Mesa and adjacent localities in the north, including apparent abandonment of the Chacoan structures at Guadalupe Mesa.
Ceramic Group 12, Kwahe'e Period

(est. range A.D. 1127 to 1164, computed mean 1147)
Ceramic Group 12 is defined from an acceptable combined sample of 237 sherds in the seriation assemblage, drawn from a total assemblage of 1,669 sherds. The combined assemblage represents four provenience units, each from a different site in the Rincon, PHI Terraces (both in the north) and Keyhole Kiva (south) localities (Figure 5.19). Gallup II Black-on-white remains common at ca. 15 percent of the seriated assemblage (2 percent of the total assemblage), but is dominated almost 2:1 by the heterogeneous material classified as Kwahe'e I Black-on-white. Puerco - Escavada Black-on-white has declined in popularity to 7 percent of the seriated assemblage, and Casa Salazar Black-on-white has jumped to nearly 12 percent of the seriated assemblage. Though non-intrusive carbon painted pottery has been present in valley assemblages 

since Ceramic Groups 9 or 10, this group marks the beginning of a rapid rise to ascendancy of carbon paint to almost exclusive dominance by Ceramic Group 14.
Ceramic Group 12 also witnesses a tremendous jump in recognizable intrusives to an impressive 3.1 percent of the combined total assemblage. Santa Fe I Black-on-white shows its first rapid rise in popularity (9 percent of the combined seriation assemblage) and Socorro Black- on-white with its associated brownware (Los Lunas Smudged and Pitoche Rubbed-ribbed) suddenly appear in significant quantities in the southern part of the study area. A complex of sites in the Polaski Mesa locality, which lies between the settlement centers of the northern and southern parts of the study area, shows a burst of settlement activity and evidence of efforts to produce a local version of Socorro Black-on-white.
Intrusive types represented, in addition to those mentioned above, include true Chaco- McElmo Black-on-white from the Chaco heartland, McElmo Black-on-white from the northern San Juan, Reserve Black-on-white and Cebolleta Black-on-white from the southern Cibola area, Medicine Black-on-red from the Kayenta Area, and Puerco Black-on-red, Wingate Black-on-red, and undifferentiated White Mountain Redware, also from the southern Cibola area. Non-seriated assemblages of this period also include Tusayan Black-on-red and Sosi Black-on-white from northeastern Arizona, classic Chaco Black-on-white from the Chaco heartland, Toadlena Black- on-white from the Chuska Valley, and Holbrook Black-on-white from eastern Arizona. A 

proliferation of carbon-painted Sosi style types from various parts of the Colorado Plateau is probably related to the production of Chaco-McElmo Black-on-white in the San Juan Basin. The apparent flurry of pottery-moving activities evidenced in this assemblage has been noted in early twelfth century sites elsewhere (e.g., Hurst 1985), and may be related to either a final fluorescence or the collapse of the sociocultural complex centered on Chaco Canyon's Bonilo Phase great houses.
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Ceramic Group 12 corresponds to the beginning of the Pueblo III period as defined by Lang (1977), but is within the Pueblo II period as defined by Cordell (1979:44). It corresponds to the late Developmental Period as defined by Stuart and Gauthier (1981).
Ceramic Group 13, Casa Salazar Period

(est. range A.D. 1165 to 1194, computed mean 1181)
Ceramic Group 13 is defined from a respectable sample of 444 sherds, drawn from a total combined assemblage of 2,632. Nine provenience units are represented, from six sites in the Pueblo III Terraces in the north end of the study area, and the Keyhole Kiva, Salado Creek and Lower Nervio Canyon localities in the south.
Although Kwahe'e I Black-on-white is still common, carbon painted types now dominate the non-culinary assemblage. Casa Salazar Black-on-white predominates, but early, sherd- tempered Santa Fe Black-on-white (Santa Fe I) has increased in popularity. True Kwahe'e (II) Black-on-white continues to occur in small amounts. Socorro Black-on-white reaches the peak of its popularity at approximately 9 percent of the seriated assemblage (1.4 percent of the total combined assemblage) and early examples of Loma Fria Black-on-white, as yet little more than a self-slipped, coarse-tempered variation of Santa Fe I Black-on-white, make their first appearance. Recognizable intrusive types are even more common than in the preceeding group, comprising some 3.5 percent of the total combined assemblage. Types represented include Santa Fe II Black-on-white and Kwahe'e II Black-on-white, both apparently produced in the Rio Grande 

Valley; McElmo Black-on-white from the northern San Juan; and Tularosa Black-on-white. Socorro Black-on-white, Cebolleta Black-on-white, Los Lunas Smudged, Pitoche Rubbed- ribbed, Puerco Black-on-red, Wingate Black-on-red, and St. Johns Polychrome from the southern 
Cibola area. White Mountain Redware types here begin a rapid climb toward a popularity peak in Ceramic Group 16.

Ceramic Group 13 corresponds to the Pueblo II - Pueblo III transition as recognized by Cordell (1979:44) in the Albuquerque area. It marks the end of the Developmental Period as defined by Stuart and Gauthier (1981) for the northern Rio Grande.
Ceramic Group 14, Santa Fe I

(est. range A.D. 1195 to 1216, computed mean 1207)
This ceramic group is defined from an acceptable sample of 203 sherds in the combined sedation assemblage, drawn from a total combined assemblage of 1,081. The assemblages represent six provenience units, from five sites in the lower Nervio Canyon locality and the terraces south of Polaski Mesa, both in the southern portion of the study area.
For the first time, Gallup and Puerco - Escavada Black-on-whites are almost entirely absent. The sedation assemblage is dominated by early (sherd-tempered, white-washed) Santa Fe Black-on-white (Santa Fe I), with Casa Salazar Black-on-white following closely behind.True siltstone or pumice/tuff tempered Santa Fe II Black-on-white is common, as is early Loma Fria Black-on-white. Socorro and Cebolleta Black-on-white are common intrusives, comprising 5.5 percent and 6 percent of the seriated assemblage, respectively. Recognizable intrusives continue to increase, constituting 4.6 percent of the total combined assemblage. Types represented include Santa Fe II Black-on-white from the Rio Grande Valley, and Tularosa Black- on-white, Cebolleta Black-on-white, Socorro Black-on-white, Los Lunas Smudged, Wingate
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Black-on-red, Wingate Polychrome, St. Johns Polychrome, and undifferentiated White Mountain Redware, all from the southern Cibola area. An absence of Mesa Verde and Kayenta area intrusives is noteworthy, in light of the thirteenth century Mesa Verde occupation of Chaco Canyon, and may indicate that the northern San Juan occupation had not yet occurred.
Ceramic Group 15, Santa Fe I-II

(est. range A.D. 1217 to 1238, computed mean 1224)
Ceramic Group 15 is defined from an acceptable seriation assemblage of 289 sherds, taken from a total assemblage of 1,334. Four provenience units are represented, from the Pueblo III Terraces and the terraces east of Casa Salazar, all in the northern part of the study area.
The assemblage differs from its predecessor primarily in a significant decline in Casa Salazar Black-on-white and a commensurate increase in true Loma Fria Black-on-white. Recognizable intrusive pottery continues its inexorable rise in popularity, constituting 5.1 percent of the total combined assemblage. Southern Cibola types continue to dominate the intrusives, but Mesa Verde area types (McElmo and Mesa Verde Black-on-whites) also occur in small amounts. The full list of intrusive types includes Santa Fe II from the Rio Grande Valley, McElmo and Mesa Verde Black-on-white from the San Juan country, and Tularosa Black-on- white, Socorro Black-on-white, Cebolleta Black-on-white, Wingate Black-on-red, Wingate Polychrome, St. Johns Polychrome, and undifferentiated White Mountain Redware from the southern Cibola area.

Ceramic Group 16, Loma Fria
(est. range A.D. 1239 to 1257, computed mean 1251)
This ceramic group is defined from a good seriated assemblage of 637 sherds, drawn from a total combined assemblage of 3,186. Ten provenience units are represented, from five sites in the Loma Fria and lower Nervio Canyon localities in the south, and the Pueblo III terraces locality in the north. This assemblage is marked by a sudden rise to dominance of Loma Fria Black-on-white, which now accounts for approximately half of the seriated assemblage. Santa Fe Black-on-white has declined in popularity and is often less common than the White Mountain Redwares (essentially all St. Johns Polychrome) which now claim nearly 20 percent of the seriated assemblage. Other recognizable intrusives include the usual array of southern Cibola types. Whiteware types from the San Juan country (McElmo and Mesa Verde Black-on-whites) seem to be absent, but some may be lost in the very McElmo-like Loma Fria Black-on-white material.
This ceramic group is associated with a period of major occupational activity in the Loma Fria locality near the mouth of Salado Creek in the southern part of the research area, and a concomitant decline in occupation in the northern part of the research area. It is unclear whether the Loma Fria period represents the immigration of populations from the San Juan country, or the merging of indigenous ceramic style modes with the thick wall, thick slip styles which gained favor from the southern Cibola (Cebolleta Black-on-white and White Mountain Redware types) to the Northern San Juan (McElmo - Mesa Verde Black-on-white) during Pueblo III times.
While the population intrusion scenario is attractive in light of the thirteenth century abandonment of the San Juan drainage, a strong case can be made for in situ acceptance of widely popular ceramic stylistic modes. The strongest evidence for the latter is a consistent
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tendency for Loma Fria Black-on-white to have the technological look and feel of McElmo Black-on-white (i.e., thick wall, bluntly rounded or squared rim, thick slip, parallel interior and 
exterior bowl surfaces, polished bowl exteriors, etc.), but with painted designs more typical of Santa Fe and other late Pueblo III types of the Rio Grande than of San Juan types. It seems most plausible that some populations from the San Juan country joined a heterogeneous population in the middle Rio Puerco Valley during the unsettled times of the late twelfth and early thirteenth centuries. There they evolved their own distinctive variety of McElmo Black-on-white, strongly influencing and influenced by Rio Grande and Southern Cibola pottery style modes. By the middle thirteenth century, these populations had evolved a strong local culture with strong ties to people in both the Rio Grande and the San Juan, as represented in the sites of the Loma Fria period. In the last half of the thirteenth century, these populations were joined by substantial immigrant populations from the San Juan country, and the Loma Fria ceramic complex merged with the more typically Mesa Verdean ceramic complex of the new immigrants, to form the 
varied assemblages of Ceramic Group 17.
Ceramic Group 17, Mesa Verde

(est. range A.D. 1258 to 1275+, mean date not computed)
Ceramic Group 17 is defined from a marginal sample of 143 sherds in the seriation 

assemblage, drawn from a total combined assemblage of 908. Three provenience units are represented, from two sites in the Loma Fria and Helicopter Mesa localities, both in the southern part of the research area. This assemblage is marked by a dominance of true Mesa Verde Black- on-white and McElmo Black-on-white (together comprising over half of the combined seriation assemblage, and 8 percent of the total combined assemblage.) Loma Fria Black-on-white remains strong, making up 40 percent of the seriated collection and about 6 percent of the total assemblage. Loma Fria Black-on-white now represents a subjectively distinguishable variant of a mainstream Mesa Verde Whiteware ceramic complex which dominates the middle Rio Puerco Valley in the late A.D. 1200s. Santa Fe Black-on-white is present only in small quantities, and the White Mountain redwares have fallen in popularity to about 5 percent of the recognizable intrusives and 0.4 percent of the total assemblage. Tularosa Black-on-white is the only southern Cibola whiteware recognized in the assemblage.
This ceramic group represents a population intrusion into the middle Rio Puerco Valley of migrants with roots in the northern San Juan. These groups joined with or replaced populations in some of the Loma Fria sites and at Guadalupe Mesa. They also occupied the highly defensible and forbidding top of Helicopter Mesa, in the southern portion of the research area. They appear to have remained longest at Guadalupe Ruin, where their distinctly Mesa Verdean pottery evolved in place into a distinctive, terminal Pueblo III, sand-tempered pottery complex which is best described as a local variant of Vallecitos Black-on-white (Sundt personal 

communication, these are the varieties described by Pippin [1987] as Guadalupe Black-on- white). The Guadalupe Ruin population appears to have been generating a diverse array of 
ceramic varieties, showing various composite properties of Mesa Verde and Santa Fe Black-on- whites.

Most of the middle Rio Puerco Valley was abandoned by the end of the thirteenth century, though Guadalupe Ruin may have been occupied on a small scale into the early A.D.1300s. There is no further evidence of intensive use of the valley until the eighteenth century, when the Rio Puerco Valley was much used as a corridor and fortified frontier by the Navajo (Keur 1941; Carroll et al. 1979).
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Summary and Discussion
The evaluation of ceramic assemblages in the middle Rio Puerco Valley is best 

understood in the context of geographic location. The valley lies at or near the intersecting 
boundaries of several regions which archaeologists have traditionally thought of as being prehistoric cultural provinces, and it shares in the cultural developments of all of them. To the northwest lies the San Juan Basin and the heartland of the Chaco variant of the Cibolan Anasazi. To the east, beyond the Mesa Prieta, lies the Rio Grande Valley, with its complicated array of post- A.D. 1200 Pueblo III, Pueblo IV, and historic Pueblo occupations. To the south lies the Socorro - Cebolleta Province, with its distinctive, hybrid Anasazi - Mogollon material assemblages. The middle Rio Puerco Valley ceramic assemblages and any interpretations based 
on them are complicated by this crossroads position, however, at a very general level, the 
changing cultural orientation of the valley's inhabitants is clear.

Prior to the middle twelfth century, the middle Rio Puerco Valley may be considered to 
have been part of the Chaco heartland, and fully aligned with cultural development in the San Juan Basin. Following a period of apparent population decline and ceramic deterioration during the middle-late A.D. 1100s, cultural developments in the middle Rio Puerco Valley generally paralleled those which have been documented for the upper Rio Grande Valley. Unlike the Rio Grande Valley, however, the middle Rio Puerco Valley was completely abandoned by the 
opening decades of the A.D. 1300s.

The earliest ceramic manifestation in the middle Rio Puerco Valley is represented by a 
single assemblage of Alma Plain Mogollon brownware, which appears to predate any of the groups defined by the sedation. It probably predates A.D. 600, and may represent light use of the valley by Mogollon peoples or by Basketmaker groups utilizing pottery obtained from Mogollon 
peoples to the south.

The first four ceramic groups defined by the seriation represent a generalized La Plata - White Mound - early Red Mesa Black-on-white, Basketmaker III - early Pueblo II sequence (A.D. 600? to ca. 940). The four ceramic groups in this continuum suffer from inadequate sample sizes, and further testing in valley sites would undoubtedly permit the definition of more 
and better defined ceramic groups.

Pure Basketmaker III assemblages dominated by La Plata Black-on-white and Lino Gray are rare in the valley. Terminal Basketmaker - Pueblo I assemblages dominated by White Mound Black-on-white and Lino Gray are common, although poorly represented among the seriated assemblages. The White Mound assemblages include significant amounts of both classic White Mound and the San Marcial Variety, and all variations of intergradation in between. This would seem to confirm the wisdom of considering San Marcial Black-on-white to be a southeastern variant of a widespread White Mound type, even through good examples of San Marcial Black- on-white are distinctive.
During the middle A.D. 900s, the middle Rio Puerco Valley settled into a long period of ceramic stability, characterized by simple assemblages (few types), steady stylistic evolution and few recognizable intrusives. This is the period of the so-called “Chaco System,” with its road systems and population aggregations around distinctive “great houses.” This phenomenon is represented in the middle Rio Puerco Valley at the Guadalupe Mesa locality, where numerous closely spaced sites were colonized about A.D. 940, followed almost immediately by establishment of the Guadalupe Ruin great house.
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The evolution of ceramic assemblages represented in Ceramic Groups 5 to 12 (ca. A.D. 940 to 1125, the classic Red Mesa - Gallup with Puerco/Escavada Black-on-white sequence) is identical to the sequence described for Chaco Canyon by Frank H. H. Roberts in his 1927 dissertation, with one exception; Classic Chaco Black-on-white (Roberts Hachure), which occurs in Chaco Canyon assemblages during the opening decades of the twelfth century, is very rare in 
middle Rio Puerco Valley sites of any period. The small incidence of recognizably intrusive ceramics throughout this period strongly indicates that whatever commerce the valley's inhabitants may have been engaged in did not involve importation of ceramics from outside the 
eastern or central Cibola area.

During the late eleventh and early twelfth centuries (Ceramic Groups 10 and 11), the southern portion of the study area was colonized for the first time on a significant scale. The settlers produced ceramic assemblages identical to those at contemporaneous sites to the north, and probably represent southward expansion of a growing Chaco Anasazi population.
After about A.D. 1130, approximately the time of the cessation of construction in the Chaco great house towns, middle Rio Puerco Valley ceramics entered a time of confusion, technological deterioration and significantly increased variability. This interval, represented by Ceramic Groups 12 and 13 (ca. A.D. 1125 to 1195) is not well understood. Pure assemblages of this period were not common, and they tended to represent limited occupations of settlements constructed earlier. Occupation of the valley was probably less than room count statistics indicate (Baker, this volume), because room counts were based on whole-site size estimates and dates were based on presence-absence of ceramic groups in midden tests and surface collections (a twenty room ruin in which only two rooms were occupied during this period would result in a twenty room addition to the room counts for the period. Ceramics are deteriorated versions of the Gallup and Puerco/Escavada style black-on-whites, with notably uneven and dirty-looking slip on a cursorily prepared surface, decorated at first with mineral paint in decreasing proportions to the carbon paint medium, and ultimately in pure carbon paint. This material has been designated “Kwahe'e I Black-on-white” (mineral or mineral-carbon paint) and “Casa Salazar Black-on-white” (carbon paint) for this study. These types are accompanied by a growing array of recognizably intrusive pottery types imported from virtually all directions. The shift from almost exclusively mineral to almost exclusively carbon paint, couple with the explosion in the incidence of recognizable intrusive, marks the transition from a typically Chacoan Pueblo II sequence to a distinct Pueblo III sequence paralleling that in the Rio Grande Valley to the east.
The transitional period represented by Ceramic Groups 12 and 13 corresponds to a widespread settlement shift upward in elevation, and a revival of pithouse architecture, (Stuart and Gauthier 1981:415-420). This interval is said to be marked by the abandonment of lower elevations throughout much of the Southwest, and population aggregation in upland areas. It is interesting, in this context, that a small complex of sites in the study area manifests distinctive Socorro-like ceramics, and may represent a migration upstream from the lower Rio Puerco drainage. The limited occupations, together with the high diversity in ceramic assemblages and within supposedly indigenous ceramic types of this period, suggest non-intensive usage of the valley by non-resident or mobile populations.
About A.D. 1200, after seventy-five years of cultural confusion and flux, the middle Rio Puerco Valley was re-colonized on a massive scale by people producing a well-developed material culture. Ceramic assemblages (Ceramic Groups 14 and 15, ca. A.D. 1195 to 1240) were dominated by Santa Fe Black-on-white, accompanied by abundant intrusive types from the Socorro - Cebolleta - southern Cibola areas. The early Santa Fe (I) Black-on-white pottery
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continues the hard, sherd-tempered paste tradition of the earlier Chacoan whitewares, but with a fully developed carbon paint technology and designs which combine fine line hachure and solids in a manner typical of late Pueblo III Rio Grande Valley types. This early material gives way through time to the fine, siltstone and pumice/tuff tempered pasts of typical Santa Fe (II) Black- on-white. It appears to represent the beginnings of Santa Fe out of the carbon-painted experiments represented by the heterogeneous Casa Salazar Black-on-white material. With its 
Cibolan sherd tempered paste and well-polished, thinly slipped surface, it is easy to view it as a late, southeastern variation of Chaco-McElmo Black-on-white, with a design system which 
combines fine-line hachure with the solid elements and wide lines of typical Chaco-McElmo.

The Santa Fe influx into the middle Rio Puerco Valley at the end of the twelfth century closely parallels the ones of the “Coalition Period” (Wendorf 1954; Wendorf and Reed 1955; Stuart and Gauthier 1981:51-52) which has been described for the Galisteo - Santa Fe - Pajarito area to the northeast. Stuart and Gauthier (1981:415-420) have suggested that similar population shifts in different parts of the Southwest represent a movement back into lower elevation areas, accompanied by the resurgence of stone masonry houses.
During the A.D. 1240s and 1250s (Ceramic Group 16), ceramic assemblages were dominated by Loma Fria Black-on-white, which combines the thick wall, thick slip and vessel form of Pueblo III ceramics from the northern San Juan (McElmo and Mesa Verde Black-on- white) with a design style typical of Pueblo III types in the Rio Grande Valley. Santa Fe Black- on-white and a variety of intrusive (notably high percentages of White Mountain Redware types) are present in large amounts. This material is thought to reflect the growing influence of developments to the northwest, notably the southward movement of Mesa Verde White ware assemblages. It likely represents a growing population of immigrants from the San Juan, joining and ultimately dominating an indigenous popu ation of Santa Fe Black-on-white producing peoples, and their development of a local variety of McElmo/Mesa Verde Black-on-white. The ascendancy of the Loma Fria assemblages is associated with some population aggregation in the Loma Fria locality in the south end of the study area. Loma Fria Black-on-white may be 

considered to represent an early, western predecessor to or even a variety of Galisteo Black-on- white (c f  Mera 1935:21). It certainly represents the first wave of direct pressure, and probably actual migration, from the southward-migrating Mesa Verdean populations.
Sometime during the last half of the thirteenth century, several sites in the valley were occupied by immigrants producing a typical, mainstream Mesa Verde Whiteware assemblage. These peoples joined or replaced Loma Fria populations at several sites, and constructed a highly defensible eyrie settlement on Helicopter Mesa, to the north of the Loma Fria locality. It is unclear whether the valley had been recently abandoned by the earlier Loma Fria/Santa Fe 

producing populations, or whether the Mesa Verde peoples were moving into the midst of a valley still inhabited. Whatever the case, the valley was largely abandoned by the close of the thirteenth century. A small population seems to have held on at Guadalupe Ruin, where their Mesa Verde pottery technology blurred with the Santa Fe technology of the neighboring Rio Grande peoples, to evolve into what is best described as a variant of Vallecitos Black-on-white (Sundt, personal communication, 1985). By the early, A.D. 1300s, the valley was utterly abandoned and never reoccupied by Pueblo peoples.

117



118



CHAPTER 6
A REFINEMENT OF ANASAZI CULTURAL CHRONOLOGY IN THE MIDDLE RIOPUERCO VALLEY USING MULTIDIMENSIONAL SCALING

by
Stephen R. Durand and Winston B. Hurst

Introduction
A major emphasis of the Rio Puerco Valley Project (RPVP) has been the investigation of the changing relationships between the Anasazi and their environment as reflected in the changing distribution and morphology of Anasazi settlement. A primary requisite to these kinds of studies is control of the temporal dimension (Irwin-Williams 1977:142). The accuracy and reliability of any such investigation can be expected to vary in proportion to the fineness of 

temporal control.
This chapter describes the method utilized by the Rio Puerco Valley Project to generate a fine-grained temporal framework for classifying Anasazi sites. The method employs ceramic- 

typological data in a three-phase analysis: 1) the seriation, or ordering, of selected analytical proveniences from stratified excavation units using multi-dimensional scaling; 2) segmentation of the scaling scattergram using cluster analysis; and 3) the temporal classification of untested sites using a coefficient of similarity to compare the ceramic collection from each site to composite pottery profiles derived from the cluster analysis. With this technique the vast majority of the Anasazi sites in the valley have been placed into a framework of seventeen temporal units. These units span the full range of Anasazi occupation from Basketmaker III to terminal Pueblo III. Assuming an overall time span of A.D. 600 to 1300, the periods thus defined have an average span of approximately 40 years.
Background

The seriation method is well established in archaeological use; and while it is simply an ordering technique (Marquardt 1978:258), it has more often been used as a dating technique. Marquardt (1978) provides a comprehensive review of the seriation literature, and Dunnell (1970) details the theoretical basis for the method. Though seriation has been characterized as a deceptively simple technique (Marquardt 1978:257), it is considered important to deal, in a rigorous fashion, with the assumptions one uses to infer temporal order. A series of concepts concerning the seriation method will be outlined to explicate this approach to dating.
Dunnell (1970:308) defines seriation as “a method which uses classes to order groups." The terms group and class have specific meanings in this discussion. Class is a formal construct, ideational in nature. Class definitions specify the conditions for membership. Groups are the result of operationalizing class definitions. They are empirical and local (Dunnell 1971). Chronological inference using seriation assumes that the seriated groups function as cultural historic, stylistic classes. By definition, stylistic classes are unimodal and continuous in time. These attributes of stylistic classes are the theoretical principles by which one infers chronological significance. In an occurrence seriation, the units in each stylistic class are continuous. In a frequency seriation, the distribution of units in each class are both continuous and unimodal (Dunnell 1970:308).



The order in a seriation is strictly formal, and its chronological significance must be 
inferred (Dunnell 1970:308). Using stylistic classes fulfills the theoretical requirement of the 
method. A further stipulation of the seriation method concerns the nature of the units one wishes to order. That the order is chronological can be presumed only when the units: “a) represent 
comparable durations of time; b) belong to the same cultural tradition; and c) are drawn from a single local area” (Dunnell 1970:311). Marquardt (1978:297-299) critiques Dunnell's criteria for evaluation. These requirements have tolerance limits. It can be argued that the success and resolution of a seriation is directly proportional to the degree to which these requirements are adhered. For example, Matson and Lipe (1977) seriated surface ceramic assemblages from Cedar Mesa, Utah, with a resolution of four time periods for the Pueblo II/III Anasazi occupation of the region (approximately A.D. 900-1300). They explain the resolution of this application as the result of using surface collections with the potential of representing a long time span. Matson and Lipe's (1977) ordering is valid in that they did not specify chronological units finer than the longest duration units in their sample—an extension of criterion a) above.

Assuming that the classes used are stylistic, the seriation method can be directly applied to incidence or abundance data. The technique is simply to rearrange the rows of the data matrix to conform to the specifications of the method. For example, Table 6.1 specifies the type frequencies for six hypothetical assemblages. Table 6.2 is a rearrangement of the rows to conform to an incidence seriation, and Table 6.3 is a rearrangement to conform to an abundance seriation. Note that in this simple example, assemblages were ordered. It is clear that the
Table 6.1. Hypothetical count and percentage (in parentheses) data for seven assemblages.

Assemblage 1 2 Types3 4 5 6 Total

A 68 0 23 17 6 0 114(59.6) (0) (20.2) (14.9) (5.3) (0)
B 68 5 9 9 0 0 91(74.7) (5.5) (9.9) (9.9) (0) (0)
C 49 33 0 0 0 0 82(59.8) (40.2) (0) (0) (0) (0)
D 0 0 48 9 0 38 95(0) (0) (50.5) (9.5) (0) (40.0)
E 0 0 20 12 8 10 50(0) (0) (40.0) (24.0) (16.0) (20.0)
F 32 11 2 0 0 0 45(71.1) (24.4) (4.4) (0) (0) (0)
G 14 0 14 9 5 5 47(29.8) (0) (29.8) (19.2) (10.6) (10.6)
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Table 6.2. Ordering of assemblages in Table 6.1 considered as incidence data.

Assemblage 1 2 Types3 4 5 6
C 1 1 0 0 0 0
F 1 1 1 0 0 0
B 1 1 1 1 0 0
A 1 0 1 1 1 0
G 1 0 1 1 1 1
E 0 0 1 1 1 1
D 0 0 1 1 0 1

Table 6.3. Ordering of assemblages in Table 6.1 considered as abundance data.

Assemblage 1 2 Types3 4 5 6
C 59.8 40.2 0 0 0 0
F 71.1 24.4 4.4 0 0 0B 74.7 5.5 9.9 9.9 0 0A 59.6 0 20.2 14.9 5.3 0G 29.8 0 29.8 19.2 10.6 10.6E 0 0 40.0 24.0 16.0 20.0D 0 0 50.5 9.5 0 40.0

technique is simple and straightforward. What is not so clear is the notion that only assemblages have been ordered. To extrapolate the order to a larger unit of the archaeological record, e.g., site, is an inferential step. This may seem an insignificant point, but it is often a covert, uncritical, and unwarranted assumption that an assemblage dates some larger unit.
The technique used to operationalize the specifications of the method might be considered manual, as in the example above. Ford (1962) described a manual technique that yields the familiar “battleshape curves” that graphically express the notion of the continuous, unimodal nature of stylistic change. Brainard (1951) and Robinson (1951) were the first to specify a mathematical method to order units based on stylistic types. The technique originally specified in the quantitative approach (Brainerd 1951; Robinson 1951) and continued in all subsequent multivariate applications (e.g., Cowgill 1968; Drennan 1976; Marquardt 1974; LeBlanc 1975) involves the permutation of a similarity matrix. The technique to accomplish the seriation described here is another modification of that approach. Although there are notable exceptions (Cowgill 1968; Dunnell 1970; Kendall 1971; Marquardt 1978), the theoretical basis for the application of “similarity techniques” to seriation has been little discussed. This is unfortunate in that the various techniques applied to produce a seriation of units can (and in fact, must) be related directly to the general theoretical principles of the seriation method.
Dunnell (1970:310) states that the assumption employed in statistical techniques of seriation can be “units which are most similar to one another in terms of historic or temporal classes are closest together in time.” Although this assumption can be considered valid, it is actually unnecessary. If stylistic classes are counted as presence/absence data, then the
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continuous distribution assumption applies; if stylistic classes are counted as abundance data, 
then both the continuous and unimodal distribution assumptions apply. Numeric methods require only abundance data and, therefore, are explained and understood using only the continuous and unimodal distribution assumptions. In fact, Dunnell's similarity assumption 
applies to any sedation technique. For example, in Ford's (1962) graphical technique, battleship curves conform to the specifications of the assumption. The bars of the graph that define the curves in an ordered set and that are more similar to each other are closer together in time. The similarity proposition can also be shown to apply to an occurrence seriation.

Statistical techniques are not fundamentally different from visual techniques. The similarity proposition applies to all seriation techniques, and it is suggested that so called statistical techniques are simply a means of numerically specifying the logic and simplicity of manual and visual techniques. The primary advantage of numerical techniques for seriation is that large numbers of units can be ordered because numerical techniques are compatible with 
computers.

The Classes
The single most important prerequisite in ascribing temporal significance to an order of 

units is that the classes used function as historic, temporal, stylistic classes. More than six decades of serious pottery study in the Southwest have resulted in a relatively comprehensive taxonomic framework with implicit temporal significance. Techniques have been suggested (LeBlanc 1975) that base fine chronological control on attribute-level data. The problem with this approach is that attributes of objects may not change continuously and unimodally through time. Measures of temporal association are therefore ambiguous. For example, in the Cibola Whiteware Series, slip thickness is thin and washed out in the earliest types, becomes thick in late Pueblo I/early Pueblo II times, thins out in late Pueblo II, and becomes thick again in Pueblo III times. Functional attributes may in fact have a continuous, unimodal distribution in time; but there is no a priori reason to suppose that functional attributes will have a unimodal, bimodal, or 
trimodal distribution.

The ceramic analysis was, therefore, conducted within the framework of a traditional Southwestern ceramic typology (see Chapter 5). Established taxonomic nomenclature for types 
or varieties of types were used when possible. In a number of cases, it proved useful to split a type into a series of stylistic or technological varieties. A few varieties were sufficiently distinct from any previously described that they were given new type or variety status. To ensure maximum consistency and typological detail, the analysts relied heavily on the use of 10 - 45X zoom binocular microscopes to examine details of paste and temper.

To maximize the scientific potential of the Rio Puerco Valley Project database, the pottery collections from every site producing more than a handful of sherds were sorted. The result is a massive data file, containing sherd counts by type and provenience unit for approximately 800 sites, representing the vast majority of the known Basketmaker and Pueblo sites in the valley.
The Seriation

The ordering technique used in this analysis is multidimensional scaling. Although explanations of multidimensional scaling can be obtuse, the basic concepts of the technique are relatively simple. Suppose one is given a map (Figure 6.1) and asked to construct a table of distances between points. It is a straightforward procedure to build the distance table by using a
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ruler and the map scale (Table 6.4). Consider the reverse problem, constructing a map from a 
table of distances. Multidimensional scaling is a technique for solving this problem. Figure 6.2 
is the output from scaling the data in Table 6.4. One will note that the map of New Mexico is not 
reconstructed exactly but the relationships between the data remain. In fact, in this example, the 
solution is an exact solution (stress = 0.0) meaning that there is more than one representation of the relationships in the distance table.

The use of multidimensional scaling as an ordering algorithm has been advocated since the middle 1960s (Cowgill 1968; Doran and Hodson 1966; Hodson et al. 1966; McPherron 1967). Kruskai (1971:122) succinctly defines multidimensional scaling as “reconstructing a configuration of points from information about distance between them.” Applied to seriation, if

Figure 6.1. Map of New Mexico with state comers and selected cities labeled.
Table 6.4. Distances in miles between labeled points in Figure 6.1.

A B C D E F G H I J K L M N O P
A 0B 192 0C 342 151 0D 398 242 208 0E 408 247 203 15 0F 383 236 219 25 41 0G 462 325 301 93 98 90 0H 487 343 305 103 104 107 31 0I 519 385 355 151 153 150 60 51 0J 332 373 482 368 384 343 360 390 388 0K 285 322 435 335 351 310 338 369 373 50 0L 240 198 295 211 226 189 244 272 293 186 141 0M 185 180 301 255 270 234 297 326 349 194 143 57 0N 320 131 74 144 142 150 236 245 294 416 370 230 245 0O 353 290 348 190 206 166 175 206 209 186 164 113 169 276 0P 235 128 213 166 177 150 226 252 284 270 223 83 100 148 162 0
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2

Dimension 1

Figure 6.2. Multidimensional scaling output of Table 6.4, 2d configuration,Kruskal stress (formula 1) - 0.0.
the distance between units (assemblages) is based on stylistic classes, then the resulting configuration of points graphically represents temporal variation. Kendall (1971) has shown that temporal variation is graphically represented as a horseshoe-shaped distribution. Figure 6.3 is a multidimensional scaling analysis of the hypothetical data set described earlier in Table 6.1. The order of the output is the same as that in Tables 6.2 and 6.3, and the configuration of points corresponds to the “typical” horseshoe shape.

-1 0 
Dimension 1

1

Figure 6.3. Multidimensional scaling analysis of hypothetical datafrom Table 6.1, 2d configuration.
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The utility of combining multidimensional scaling and cluster analysis to generate an objective, replicable seriation of taxonomic pottery complexes in a regional study has been 
demonstrated by Matson and Lipe (1977). As noted, the resolution of this application was coarse due to the reliance on surface collections. Data from numerous test excavations in the middle Rio Puerco Valley offered an opportunity to refine the results of the method by seriating collections from selected excavated locations.

Sixty analytical proveniences from stratified excavation units were selected for an initial test seriation. A matrix of dissimilarity between all pairs of the analytical proveniences was 
computed from the primary pottery percentage matrix, using Drennan's coefficient of dissimilarity (Drennan 1976). The dissimilarity matrix was then scaled using the KYST-2A multidimensional scaling program (Kruskal et al. 1978). Metric scaling was performed, and the axes were rotated to principal components. The result was a series of scattergrams representing all possible pairs of dimensions in 1 - 5 dimensional space. The scattergram representing dimensions 1 and 2 of the three-dimensional configuration was selected for interpretation (Figure 6.4) because of its acceptable stress value and its conformation to the curvilinear configuration which typically occurs when a group of units is scaled along a single dominant dimension (Drennan 1976:294; Kendall 1971). That the dominant dimension in this case is temporal is 
clearly manifested by the placement of the early (Basketmaker III) pottery complexes at one end, the late (Pueblo III) complexes at the other, and analytical provenience units from common excavations in the correct sequence between. The units which are pulled toward the center represent mixed strata, generally at or near the surface of an excavation unit.

Kruskal Stress = .082

’ n i-------------- i---------------- r- --------------1----------------1
- 1 .5  -1 - .5  0  .5  1

Dimension 1

Figure 6.4. Initial scaling of 60 excavated samples from the Rio Puerco Valley. Dimension land 2 of the 3d configuration.
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Although the initial sedation was itself a very respectable ordering, this success suggested that the techniques could be used to produce an even more detailed ordering. To maximize the 
resolution of the sedation, the initial curve was divided into two equal halves, one comprising the earlier set of units, the other comprising the later units. The units with mixed assemblages were eliminated, and new analytical provenience units were added until the number of units in each group approached fifty. Periods poorly represented in the testing data were supplemented by surface collections from selected sites which evidenced short-term occupation. Ten analytical units, representing the late end of the early group and the early end of the late group, were included in both groups to provide a bridge, or link, between the two groups. New dissimilarity 
matrices were then generated for each of the two groups and scaled independently.

Both groups produced excellent temporal seriations, best represented by the scattergrams 
of dimensions 1 and 2 in 4-dimensional space (Figure 6.5). These scattergrams can be overlapped and joined as depicted in Figure 6.6 to represent the full range of Anasazi occupation in the Puerco.

Several characteristics of the scaling distributions strongly indicate that time is the dimension along which the units are arranged and that time overwhelmingly dominates other sources of variability. First, when the two scattergrams are arranged so that the ten shared units overlap, major ceramic groups are arranged in the proper chronological sequence with 
Basketmaker III proveniences at one end, terminal Pueblo III proveniences at the other end, and intermediate complexes in the correct order in between. Second, stratified series of provenience units from the same excavation are nearly always arranged in the proper relative sequence, with the lower units toward the early end and the upper units toward the late end. In Figure 6.6. units joined by arrows are from the same excavation unit, and arrows are oriented toward the upper units. All stratified units used in the scaling run are depicted. The few reversals are explained by small sample size or (most commonly) by essential identity between sequential units representing a time segment too fine to permit separation. The third and final indication of the dominant influence of time is the strong linear configuration of the scattergrams along a single curvilinear axis, with little lateral dispersion. Segments of the distribution which show maximum lateral spread represent periods of known cultural diversity and flux in the valley. They evidence the disturbing influence of contemporaneous cultural variability.

The scaling scattergrams were segmented by subjecting the Euclidean distances between points in the scattergrams to cluster analysis (Figure 6.7). The resultant dendrogram was interpreted at a level segmenting the scaling distribution into seventeen discrete groups, each representing a relatively short time period. Pottery profiles for each period were then developed by totaling the counts from all units within that cluster and deriving percentages of the pottery types represented. The result is a “typical” distribution of pottery types and their relative percentages for each of the seventeen time periods (Table 6.5).
Temporal Classification of Surface Collections

The definition of initial seriation groups was little more than a parlor game compared to the formidable but critical task of using it as a framework for the temporal classification of site surface collections. Unmixed excavation proveniences not used in the seriation were classified into the 17-group framework using discriminant analysis. That technique was not useful for classifying mixed assemblages, however, because it forces classification of a mixed collection into one and only one category. Since many of the RPVP sites had been occupied intermittently or continuously for hundreds of years, that method would clearly not be sufficient, given the
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Figure 6.5. Scaling of 60 early (top) and 47 late (bottom) ceramic assemblages from themiddle Rio Puerco Valley.
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scale of temporal categories derived from the seriation. A method permitting the recognition of 
multiple ceramic associations in a mixed collection was needed.

The method ultimately employed for classifying the RPVP collection is based on the 
generation of a composite pottery profile for every possible combination of ceramic groups 1 through 17, taken 1 to 17 at a time in order. Each composite profile is then compared to each site 
collection to determine which combination of groups most closely matches the assemblages of 
pottery from each site.

These procedures resulted in the definition of over 131,000 composite profiles. Each site collection was compared to each composite profile using a similarity coefficient derived from 
Drennan's dissimilarity coefficient by simply subtracting the dissimilarity value from 1. The result of each comparison was a value between 0 and 1, with 1 indicating complete identity between the surface collection and the profile, and 0 indicating complete dissimilarity.

Table 6.6. Sample surface classification table. Site - ENM 604.
Similarity Seriation Groups
0 . 6 2 2 5 5 0 0 0 0 0 0 7 0 9 10 0 0 0 14 1 5 0 0
0 . 6 1 9 5 5 0 0 0 0 0 0 0 8 9 10 0 0 0 14 1 5 0 0
0 . 6 1 6 3 0 0 0 0 0 0 0 0 8 9 0 1 1 0 0 14 1 5 0 0
0 . 6 1 0 0 0 0 0 0 0 0 0 0 8 9 10 0 0 0 14 1 5 16 0
0 . 6 0 7 4 5 0 0 0 0 0 0 7 8 9 10 0 0 0 14 1 5 0 0
0 . 6 0 4 2 0 0 0 0 0 0 0 0 8 9 1 0 0 0 0 14 1 5 0 0
0 . 6 0 3 6 0 0 0 0 0 0 0 7 0 9 10 0 12 0 14 1 5 0 0
0 . 6 0 2 2 5 0 0 0 0 0 0 0 8 9 10 0 0 13 14 15 0 0
0 . 6 0 1 0 0 0 0 0 0 0 0 7 8 9 10 11 0 0 14 15 16 0
0 . 5 9 8 7 5 0 0 0 0 0 0 0 8 9 10 0 12 0 14 15 0 0
0 . 5 9 8 7 0 0 0 . 0 0 0 0 7 8 9 10 0 0 0 14 0 16 0
0 . 5 9 8 6 0 0 0 0 0 0 0 7 0 9 10 0 0 0 14 0 16 0
0 . 5 9 8 1 5 0 0 0 0 0 0 7 0 9 10 1 1 0 0 14 1 5 16 0
0 . 5 9 7 5 0 0 0 0 0 0 0 7 8 9 10 11 0 0 14 1 5 0 0
0 . 5 9 6 4 0 0 0 0 0 0 0 0 8 9 10 0 0 0 14 0 16 0
0 . 5 9 6 2 5 0 0 0 0 0 0 7 0 9 10 0 12 0 14 0 16 0
0 . 5 9 5 7 0 0 0 0 0 0 0 0 8 9 0 11 12 0 14 15 0 0
0 . 5 9 5 5 0 0 0 0 0 0 0 7 0 9 10 0 0 0 14 15 16 0
0 . 5 9 5 4 0 0 0 0 0 0 0 0 8 9 0 11 0 0 14 0 16 0
0 . 5 9 5 2 0 0 0 0 0 0 0 0 8 9 10 0 0 13 14 0 16 0
0 . 5 9 5 1 5 0 0 0 0 0 0 7 8 9 10 11 12 0 14 15 16 0
0 . 5 9 5 0 5 0 0 0 0 0 0 7 8 9 10 0 12 0 14 0 16 0
0 . 5 9 4 1 5 0 0 0 0 0 0 7 8 9 10 0 0 0 14 0 0 0
0 . 5 9 4 1 0 0 0 0 0 0 0 0 8 9 10 0 0 0 14 15 0 17
0 . 5 9 4 1 0 0 0 0 0 0 0 7 0 9 10 11 0 0 14 1 5 0 0
0 . 5 9 3 5 0 0 0 0 0 0 0 7 0 9 0 11 0 0 14 15 0 0
0 . 5 9 3 1 0 0 0 0 0 0 0 7 0 9 10 0 0 0 14 0 0 0
0 . 5 9 2 7 0 0 0 0 0 0 0 0 0 9 10 0 0 0 14 15 0 0
0 . 5 9 2 6 5 0 0 0 0 0 0 7 0 9 10 11 0 13 14 15 16 0
0 . 5 9 2 4 5 0 0 0 0 0 0 0 8 9 10 0 12 0 14 0 16 0

T o t a l s 0 0 0 0 0 0 17 19 30 26 10 7 3 3 0 2 0 14 1
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For each collection to be classified, a ranking of the thirty combinations of ceramic groups most closely resembling the collection was generated (Table 6.6). The result is a simple matrix, with each row representing a particular combination of ceramic groups and its associated 
similarity coefficient. Each column of the matrix represents a single ceramic group. Any cell in the matrix can contain either 1) a zero, indicating that the sedation group was not included, or 2) 
the sedation group number, indicating that that ceramic group was included. Thus, any cell in the first column can contain only 0 or 1, any cell in the second column can contain only a 0 or 2. 
and so forth.

Scrutiny of these printouts quickly revealed the danger of relying solely on the top line (z'.e., the single combination of ceramic groups yielding the highest coefficient value) as a trustworthy indicator of the ceramic periods represented in the collection. Given the fact that Table 6.6 represents only the 30 best from among 131,000 possible combination, it is not surprising that there is often an infinitesimal difference between the coefficient values of the combinations listed. The fineness of the difference can only be taken, in many cases, to indicate approximate identity of the different combinations in their degree of similarity to the collection in question. Furthermore, because no combination is considered twice, every row of the table must show a different combination of groups. In the case of sites occupied over a long period of time that often meant that a hiatus indicated in one row would not be indicated in any other, and occasionally a hiatus was only indicated in the top row.
Clearly, if ceramic groups were listed in 29 of 30 best combinations, and the coefficient of the 30th combination differed from the others by less than the weight of a sprite's eyelash, then that ceramic group was represented in the collection being classified. It was obviously necessary to consider not only the relative positions in the table of the different combinations of ceramic groups, but also the weight of the columns as measured by the number of non-zero entries in the 

cells.
A relatively simple method for interpreting the printouts was developed. It produces relatively detailed, site occupation histories while eliminating spurious hiatuses of occupation indicated only in one or a few lines. The method involves a three-tier interpretation, based on column “weight” as follows.
If 20 or more of the cells in a column contain a non-zero value, a “definite” occupation of the site is assumed for the period represented by that column. If a column contains 15 to 19 

non-zero values, a “probable” occupation is indicated. Ten to 14 non-zero cells in a column indicate a “possible occupation.” These arbitrary interpretive levels were intentionally conservative to keep from accepting deceptively detailed occupation sequences whose resolution would seem to exceed the capabilities of the technique.
This method has made possible the reconstruction of relatively detailed site-occupation sequences, capable of identifying probable episodes of occupation or abandonment on the order of a single ceramic period, or approximately 35 years. This should permit the examination of site distribution at a level of temporal resolution which begins to approximate the detail of available information regarding such things as site location and paleoclimate.

Dating the Ceramic Groups
Before relating the ceramic groups (and ergo their associated site distributions) to changing paleoclimatic parameters, it was necessary to derive calendrical dates for them. That
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was accomplished by supplementing the few absolute dates from RPVP sites with mean dates derived from the use of South's Mean Ceramic Date formula (Table 6.7; South 1977:217-230).
Absolute dates for RPVP sites are frustratingly scarce. Carbon-14 assays from RPVP sites have produced such inexplicably inconsistent results that it is not possible to accept even the few 

dates that seem to work. Carbon-14 dates are therefore not considered here. Datable tree-ring 
samples are likewise exceedingly scare in the middle Rio Puerco Valley, partially because the 
bulk of the finds were midden tests. The only cutting dates with good ceramic associations are from a single site, Guadalupe Ruin, and are for ceramic group 7 and 17. Although archaeomagnetic samples from numerous proveniences have been submitted for analysis, only two dates have been received. Both fall precisely within the estimated dates for their associated 
assemblages (groups 16 and 17).

With absolute dates for only three groups, it was necessary to find some way of estimating the age of the other 15 groups. In a desperate, but less-than-optimistic, attempt to obtain other than “hunch” dates or gross time ranges, a mean date was derived from Breternitz' 
(1966) correlation of pottery types and tree-ring dates. In most cases, Breternitz' “best between...” range was accepted, and the median date for that range was used as the ceramic mean in South's formula. The ranges for a few types were adjusted to better conform to demonstrated ceramic and tree-ring associations in the Middle Puerco Valley.

Table 6.7. Relationship of the sedation groups to the Christian calendar. All dates are A.D.
SedationGroup PecosClass Mean*Ceramic Date Estimated Absolute** Period Dates

1 PI 807 ? — 828
2 PI 849 829 -  863
3 PI 876 864 -  903
4 PII 929 904 -  937
5 PII 945 938 -9 5 0 - TR: 945++vv
6 PII 954 951 -968 TR: 965r, 969+r, 971+rB
7 PII 982 969 -  990 - TR: 989vv, 975+vv
8 PII 998 991 -  1016 TR: 979+vv, 1014++W
9 PII 1033 1017-1055 L TR: 953vv10 PII 1077 1056- 109111 Pill 1105 1092- 112612 PHI 1147 1127-1164

13 piii 1181 1165-119414 PHI 1207 1195-121615 PIII 1224 1217-123816 PIII 1251 1239 1257 - A: 1240±2117 PHI 

* South (1977)

1262 1258 ? r TR: 1264r, 1265rB(3),1266r, 1266r(2), 1275(r) L A: 1275±55

**A: Archaeomagnetic date; TR: Tree ring date, (n) = least reliable suffix reported. n dates of the same year and provenience,
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The results of the South method were startling (Table 6.7), yielding dates conforming 
precisely to the few available absolute dates and agreeing comfortably with most of the estimated dates. Mean Ceramic Dates provide the basic framework for relating the RPVP ceramic 
chronology to the Christian calendar. Discussion

Multidimensional scaling is a deceptively simple technique for visually displaying the relationships in a similarity matrix. It should not be considered in isolation as a seriation 
technique. The important consideration is that the similarity matrix should reflect stylistic variation. If that is the case, a number of techniques can be used to order the matrix. Multidimensional scaling has the advantage of a visual and straightforward translation of the matrix. Another advantage of the technique is that a large problem can be handled.

The use of cluster analysis is a heuristic application, and the interpretations of the dendrograms are arbitrary. The reason for using the technique is the explicit and mechanical nature of the analysis. Clustering physical distances produces spatial groups that either make sense intuitively or do not. This is important because intuitive sensibility is an often missing 
component in the application of multivariate procedures.

The classification procedure for the surface assemblages is perhaps the most controversial 
and potentially the most useful technique used in this study. It is a brute force approach that is time-consuming on even fast computers. The technique assumes that surface assemblages will reflect the mixing of different occupations in a linear fashion. In other words, an early occupation that may be buried under a later occupation will not be under-represented on the surface in the mixed assemblage (i.e., early and late). As an initial assumption, this is unwarranted. However, some empirical evidence suggests that this assumption is valid for the RPVP study area. Durand (1981) compared surface and subsurface ceramic assemblages from the RPVP study area and found differences in type proportions in only the longest occupied sites.

The alternative to accepting this assumption is to differentially weight the proportions of types in the surface assemblages based on the length of occupation. This solution is problematic in that until the analysis is complete, one does not know the duration of occupation. Also, disregarding the circularity problem, numerous blind assumptions about the data must be made to weight type proportions. We do not know enough yet about site formation processes to complicate the analysis in this manner.
Another interesting aspect of this classification procedure not yet explored is the relationship of the similarity measure to other, possibly dependent, variables. For example, the magnitude of the similarity values in any particular case may be a function of sample size. Further, the distribution of the similarity values is unknown.
This chapter has focused on the concepts in applying multivariate procedures to the seriation problem rather than on the mathematical details which can be sought elsewhere (e.#., Anderberg 1972; Davis 1986; Kruskal and Wish 1978). Hopefully, we have not carried multivariate procedures past the point of understanding. Applying numeric procedures does not make archaeology more scientific. Rather, given that archaeology has a unique empirical data universe and a set of explanatory principles, the judicious application of numeric techniques can increase efficiency and replicability in investigating those explanatory principles.
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C R a P  TER 7
BASIC LITHIC RAW MATERIAL ACQUISITION AND REDUCTION PATTERNS

by
Linda C. Brett
Introduction

In this study, the iithic collections from 26 Anasazi sites in the middle Rio Puerco Valley, ranging in age from A.D. 875 to 1300, were subjected to analysis (Brett 1984). The intention of this analysis was to explain some of the basic iithic raw material acquisition and reduction 
patterns employed by the Anasazi peoples through time in the middle Rio Rio Puerco Valley. This was accomplished using two complementary approaches First, the local raw material 
resource base was characterized using transects to sample raw material sources. Second, the Iithic collections were examined using a procedure which incorporated a number of morpho-technological variables into the analysis.

During the course of the analysis, several unanticipated sampling problems were encountered. These sampling problems were, for the most part, inherent in the nature of the Iithic collections. As a result, the interpretative potential of the study was limited. Nevertheless, 
some basic inferences about raw material acquisition and reduction patterns were made for the 
sampled sites. This information is presented along with a discussion of alternative approaches to sampling Anasazi structural sites for more complete information on the Iithic subsystem at these 
sites. Some directions for further research are also suggested based on the information retrieved on raw material acquisition and reduction patterns in this study.

Research Framework for the Lithic Analysis
The settlement system of the Rio Puerco has been characterized by Irwin-Williams 

(1980:40) as being organized into relatively small dispersed villages, practicing very simple, easily managed forms of horticulture coupled to very localized microhabitats. This system is linked, at some level, with larger supraregional networks, suggested by the importation of exotic items (shell, obsidian, and turquoise). In the systems model proposed by Irwin-Williams, environmental stress is seen as the primary causal factor in changes in the settlement system through time in the middle Rio Puerco Valley. This is reflected in the settlement system by continued and/or increased dispersal of sites at certain times during the occupation of the valley, culminating in a very short-lived aggregation of population attempting to utilize large-scale water control techniques (Irwin-Williams 1980:40-61).
The analysis of the Rio Puerco Valley Project (RJPVP) lithic materials was initially undertaken to provide another perspective on the study of the relationships of man and his environment in the Rio Puerco Valley. However, once analysis was underway, it became apparent that realistic hypotheses linking the lithic subsystem with the Irwin-Williams environmental stress model could not be tested with the available lithic data. There are several reasons for this:
1) Relatively little is actually known about the nature of the Anasazi lithicsubsystem, particularly at the regional level.



2) The excavated sample of lithic materials is not representative of the entirebehavioral range for Anasazi peoples, e.g., groundstone as well as many flaked stone tool types are poorly represented in the sample; and
3) The purpose of a rough sort analysis, as carried out here, was to explain basicpatterns within the data base, to provide solutions to relatively simple hypotheses, and to provide a basis for further research at a more complex level.

For these reasons, the major information presented in this study is the systematic description of the basic patterns of lithic raw material acquisition and the subsequent reduction processes for the Anasazi occupation of the middle Rio Puerco Valley.
The lithic raw material procurement system is primarily an economic strategy through which raw materials, available at finite locations on the landscape, are selected, transported, and reduced to tools for use at various locations. An economic strategy must cope with variables related to seasonal and diurnal movements of human populations, locations of arable land, the relative physical suitability of materials for reduction and use, activity-specific tool-use needs at specific locations, and source locations of raw materials (Chapman 1977:371-374).
One formulation of the implicit assumptions of such an economic model of lithic resource exploitation is found in a paper by Shelley (1979). He views the variation in a raw material's site entry pose as a function of the following variables (Shelley 1979:5):
1) the state of occurrence of the raw material in the site's natural and culturalcatchment area,2) transport distance,
3) the utility of the material (or tools made from it) in any particular state, and4) the utility of debitage produced by further reduction.
With this background, some assumptions can be made. It may be assumed that: 1) the resource exploitation strategy will be primarily economic in nature; 2) the parameters of the strategy are imposed by the spatial location of sites as related to the location of raw material sources, and 3) the strategy will minimize weight of raw materials and the distance they must travel. If these assumptions are indeed the case, the need for raw materials can be solved in the following ways (Shelley 1979:5-6):
1) unmodified raw material can be transported to the site and reduced there,2) raw materials can be decertified prior to transport to the site for further reduction,3) flakes, blades or cores can be manufactured at the raw material source or at someother intermediate station outside the site and then transported to the site in final form, and4) trade.

Within this economic framework there are two basic solutions to the problem of raw material procurement. These are direct acquisition or indirect acquisition.
The spatial distribution models outlined by Renfrew (1977) for exchange provide one basis for predicting the distribution of the various acquisition types. The amount of raw material found at a given site is inversely proportional to the distance to the source area in an exponential relationship. Renfrew (1977) relates this type of distribution to his down-the-line model of exchange. In this model, he proposes a linear trading network of villages spaced an equal
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distance apart. Each receives a supply of a particular commodity from its neighbor nearer the 
source and passes on the remainder. This model assumes that the population is uniformly 
dispersed and that each village removes a constant fraction for its own use. According to Renfrew (1977:79), the key condition is that the reduction in amount is proportional to quantity at the point in question. If the number diminishes in a linear pattern from the source, then the relationship assumes the configuration of the Law of Monotonic Decrement.

Another possibility is a Gaussian distribution, which is associated by Renfrew and others with a random flights or walks model in which a large number of uncoordinated events produces a coherent, quantifiable curve. However, a Gaussian distribution may also represent a general situation of diffusion or falloff in two dimensions which is the result of exchange. In this case, it 
is difficult to distinguish direct and indirect acquisition when the data conform to this distribution 
(Renfrew 1977:79-82).

Finally, the distribution may not conform to any of the models, but may represent a deviation based on them. This type of relationship may indicate the presence of one or more of the socially complex, hierarchical forms of exchange such as central-place redistribution 
(Renfrew 1977:85).

Sample Design and Limitations
The primary criterion for any site to be considered for this study was that it contain separable temporal components or that it be a single component site. The temporal control was provided by the ceramic seriation. Therefore, the sample was limited to tested sites and those 

single component sites identified by the ceramic analysis. Because time was limited, only a sample of the tested sites could be analyzed.
The sites were stratified by time (seriation component) and space (north or south with Hay Meadow Canyon as the boundary). The basic sampling procedure was as follows:
1) all tested sites were divided into the two spatial strata and grouped by seriation

component,2) a 10 percent sample of each group was chosen by random means, and
3) when these sites were analyzed, the procedure was repeated for the remainingsites. This method resulted in a 30 percent sample of the tested sites.
In addition to these sites, a stratified random sample of the Guadalupe Ruin material was analyzed. The unique position of this site within the RPVP sites, e.g., its status as a Chacoan outlier (Baker et al. 1981; Irwin-Williams 1981; Irwin-Williams and Pippin 1979; Pippin 1987), necessitated that this site be included regardless of whether it was chosen as part of the overall sample or not.
The test excavation program for the middle Rio Puerco Valley contains two sample biases which limit the types of studies which may be undertaken with the data. First, the methods by which a site was selected for excavation were dictated both by the requirements for formulating a regional sequence and by field logistics. Thus the sample is not random. As a result, there are two large clusters of tested sites in the northern and southern extremes of the valley with relatively few tested sites between them. Second, the excavated samples are also biased by the almost exclusive location of test trenches in trash middens. Therefore the range of implement
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types preserved in the data are limited to debitage and broken or otherwise discarded tools. As a 
result of these biases, a study of site function was not feasible.

There are approximately 1,200 recorded Puebloan components at 895 sites in the middle 
Rio Puerco Valley (Larry Baker, personal communication 1980; Cynthia Irwin-Williams, 
personal communication 1980). Of these sites containing Puebloan components, 100 were selected for excavational testing during the eight years of fieldwork conducted in the study area. 
The objective of the excavation testing program was to obtain a large sample of stratified cultural materials, especially ceramics, to provide a chronological framework for a more sophisticated spatial analysis of the region. For this reason, excavation was almost exclusively confined to extramural trash midden areas because it was there that the most abundant sample of sherds in stratified context could be obtained. A few sites, notably ENM 838 (Guadalupe Ruin) and ENM 
820, contained intramural excavations (see Chapter 2)

The objectives and methods of the testing program for the middle Rio Puerco Valley resulted in a massively inconsistent lithic sample from the tested sites, and the adequacy of the lithic sample was not considered during the field phase of the project. Consequently, the lithic samples from the tested sites were often too small and collected without regard for the possibility of future research using these lithics. Therefore, statistical evaluation of hypotheses or the extrapolation of information or patterns from the analyzed sites to other sites in the study area 
must be regarded as preliminary in nature.

Analysis Groups
After the laboratory analysis was completed and the results tabulated, it became apparent 

that several problems were going to hinder evaluation of the data. These problems are as 
follows:

1) There is a wide range of sites sizes within the sample. The sites vary from one ortwo room structures to 90+ room pueblos. It was thought that sites which vary so widely in size may have functioned very differently within the cultural system and should not be compared directly. The results of the study did not support this supposition at this level of analysis.
2) The sample sizes from sites were often very small especially when compared withthe size of the site.
3) All test excavations were carried out in extramural trash middens, with theexception of ENM 838 (Guadalupe Ruin) and ENM 820. The lithic sample from these sites, representing a different depositional/cultural context, is not comparable to the lithic samples from other sites.
4) It was discovered, after the fact, that the sample from ENM 852 originated fromtwo adjacent structures, ENM 852A and ENM 852B. Because these structures are 

directly adjacent to one another and were occupied during the same period of time, it was decided to treat them as originating from a single site.
In order to solve some of the problems inherent in the discrepancies outlined above, the sample was subdivided based on two criteria: 1) depositional origin of the sample and 2) site size. The results of this stratification are presented in Table 7.1.
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Table 7.1. Extramural depositional context.
Number of Rooms Number of Sites

Group A 1 - 5 4
Group B 6-10 6
Group C 11-20 10
Group D Greater than 20 4

These groupings resolve most of the disparity problems between sites and sample sizes, while permitting intergroup and intragroup comparisons. Although not directly comparable to the other sites, the data from ENM 838 and ENM 820 are presented in order to suggest the variability present within Anasazi lithic assemblages.

Geologic Background for Raw Material Sources
According to Bryan and McCann (1936:145-146), the Rio Puerco is an unusually long, intermittent and, in part, ephemeral stream which is a tributary to the Rio Grande in central New Mexico. The river is formed by the union of two streams just north of Cuba, New Mexico. The major headwaters of the Rio Puerco lie on San Pedro Mountain which is formed by the Nacimiento uplift. The geological history of the river is complex, with ongoing stream piracy and a number of changes in base level through time. This has resulted in the formation of at least three named pediment surfaces in the upper Rio Puerco: 1) the Ortiz, 2) the La Jara, and 3) the Rito Leche. Of these three surfaces, the Ortiz is the most extensive and is one of the pediment 

surfaces preserved in the study area (see Chapter 3; Bryan and McCann 1936:152). Due to extensive erosion, only very localized remnants of the lower surfaces remain.
Nials (personal communication 1981) has observed a series of five alluvial terraces in the middle Rio Puerco Valley, all Pleistocene in age. Bryan and McCann point out that the distribution and extent of terraces and pediments along the upper Rio Puerco are controlled by the stratigraphy and structure of the western flank of the Nacimiento uplift. Bryan and McCann characterize the Nacimiento uplift as an asymmetric domal anticline, running about 50 miles north to south, bordered on the west by a high angle thrust fault.
As discussed by Shelley (1978:76-79), the formations exposed by this fault are the original geologic sources for some of the gravels found on the pediments and terraces in the study area. The numerous conglomerate zones of cherts, quartz, and quartzites found in the formations cut by the upper Rio Puerco, provide several possible sources for these materials in the alluvial system of the study area.
One especially interesting geological feature of the upper Rio Puerco is an exhumed erosional surface, which forms the top of San Pedro Mountain, where the Rio Puerco and some of its upper tributaries have their headwaters. The Rio Puerco has cut this erosional surface, which contains within itself large quantities of a chert/chalcedony (Church and Hack 1939). This material may be stratigraphically related to materials found at Cerro Pedernal to the east. Both Bryan (1939) and Warren (1974) have noted that Cerro Pedernal was the site of numerous prehistoric quarries, where the distinctively colored chert/chalcedony was obtained for aboriginal use. Cerro Pedernal drains to the east into the Rio Grande and away from the Rio Puerco. Nevertheless, the alluvial system of the Rio Puerco contains a chert/chalcedony macroscopically
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quite similar to materials collected from the quarries at Cerro Pedemal. Based on the observations of Church and Hack (1939), it seems possible that this material, while not derived from the quarries at Cerro Pedemal, was indirectly derived from the same formation (Shelley 
1978:76-79).

Silicified wood is another lithic material found in the alluvial system of the Rio Puerco. This material varies widely in its color, texture, degree of replacement, and workability.Silicified woods are commonly found within the upper Cretaceous formations of the San Juan 
Basin as well as in the Santa Fe formation (Shelley 1978; Warren 1977). These formations are also represented within the drainage catchment of the Rio Puerco Valley.

Basalts are a major constituent of the terrace gravels in the study area. They are presumed to be derived from the erosion of the basalt flows capping Mesa Prieta and Mesa Chivato. Other sources include the various plugs, dikes, and sills scattered throughout the area.
A more precise assignment of the local raw materials to their contributing formations is not necessary to the present study. Presumably the major sources for local raw materials found on sites in the middle Rio Puerco Valley are the terraces and pediments of the study area.

Lithic Composition of the Terrace Gravels
In order to determine the nature of Anasazi raw material acquisition and reduction patterns for the study area, it was necessary to establish, in quantitative terms, the presence and relative abundance of lithic raw materials available for exploitation. Ideally both terraces and pediments would have been sampled for this information. Unfortunately, transect samples of the pediment surfaces were never taken by the author although examples of the chalcedony present on those surfaces were collected by Shelley (1978). Therefore, the impact of this resource area cannot be quantitatively evaluated for this study.
Another purpose of the transect samples on terrace gravels was to determine the degree of variability in the lithic resource base between the northern study area and southern study area terraces. This was of some concern, because the lithology of the two areas is different to some degree. If the northern and southern terrace groups were significantly different in composition, then northern and southern sites could not be grouped together for analytic purposes.
The two terrace groups sampled were formed successively. The terrace gravels at Loma Fria (Figure 7.1) were deposited before the terrace gravels near Guadalupe Mesa (Figure 7.2). Both terrace groups were the locales of major population aggregations during the Anasazi occupation of the valley. The effect of these population centers on the resource base cannot be evaluated, but it is possible that the frequency of cryptocrystalline silicates in the terrace gravels 

was higher prehistorically.
Raw material frequencies for the two sample groups are presented in Tables 7.2 and 7.3. Overall, the lithic composition of the terrace groups appears to be quite similar. This impression was tested using a Wilcoxin Signed Rank Test. This test may be applied when the data set does not meet the assumptions of a paired t-test. The Wilcoxin Signed Rank Test was used because it maintains the relative magnitude of the difference between the ranked pair (Thomas 1976:332-336). The test results confirmed that the two terrace groups are not significantly different at a 0.05 level of significance.
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Figure 7.1. Map of the southern half of the research area.
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Map of the northern half of the research area
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Table 7.2. Terraces near Guadalupe Mesa.
Material Type Mean Relative Frequency
Basalt-fine .695Basalt-vesicular .235
Sandstone .025Granite .0075
Quartzites .015Metamorphics .0025Silicified Woods .0025Chalcedonies .0025Andesite .0025
N=400

Table 7.3. Terraces near Loma Fria.
Material Type Mean Relative Frequency
Basalt-fine .403Basalt-vesicular .130Sandstone .216Granite .126Quartzites .066Metamorphics .018Chalcedonies .005Silicified Woods .0016Chert cf. Brushy Basin .003Claystone .0016Andesite .013
N=400

The presence of very small amounts of Brushy Basin cherts and quartzites may be accounted for, in part, by the contribution of the Canada Nervio to the alluvial system. The Canada Nervio cuts the Morrison formation extensively along its course. However, unlike Morrison orthoquartzite, no major or minor outcrops of this distinctive chert have ever been recorded for the study area. Therefore, for the purposes of this study, Brushy Basin chert will be considered a nonlocal raw material.
The question of which lithic resources should be defined as local and which as nonlocal is a complex one. One aspect of the problem centers around what constitutes a site catchment area (Vita-Finzi and Higgs 1970:5-7) for lithic resources. Chisholm (1968) observed that it was rare 

for European farmers to travel more than 3 to 4 km to their fields. Vita-Finzi and Higgs (1970) employed Chisholm's (1968) observations in support of a 5 km radius for the primary catchment area for agricultural sites.
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However, Flannery (1976:107-109) has demonstrated that Formative Period 
agriculturalists in Oaxaca and Tehuacan made round trips of more than 10 km on a regular basis to obtain pine for building posts and firewood. Flannery also points out that catchment area size depends on the nature and availability of the exploited resource so that, while a 4 to 5 km radius for arable land is probably reasonable, a 10 km radius might be equally reasonable for other resources such as game animals, mineral resources, or timber (Flannery 1976:107-109).

Another way of viewing the problem of lithic resource procurement is presented by Binford (1979:269-272) in his monograph on curated technologies among the Nunamuit Eskimo. In the approach taken by the Nunamuit to resource procurement, acquisition of various resources, 
including lithic resources, is embedded into a well-thought-out logistic strategy featuring a system of temporary campsites supplied by numerous caches of food, equipment, and raw materials. One of the main features of the Nunamuit strategy is that raw materials and tools rarely are directly obtained, e.g., trips are not made specifically to obtain stone for tools or to hunt game. Instead, a variety of raw materials, including lithic raw materials, are acquired and either cached for future use or taken back to the habitation site.

Although Eskimo resource procurement strategies may not be applicable to the Southwestern Anasazi, the concept of embedded procurement strategies makes good economic 
sense. Therefore, it was decided to define local lithic resources as those lithic materials found within the physical confines of the middle Rio Puerco Valley. Nonlocal lithic resources are those lithic raw materials acquired from outside its physical confines.

One precedent for such a broadly defined lithic catchment area can be found in Shelley (1978:51). Shelley designated the La Plata terrace gravels as local to the Salmon Ruins lithic catchment area, although the terraces were located 12 km from the site. He based this decision on the accessibility of the locale, as well as on the concentration of the lithic resources there.
Summary of Raw Material Acquisition Strategies for the Sampled Sites in the Middle Rio Puerco Valley

The discussion of the raw material acquisition patterns for the sampled sites will contrast the procurement strategies for local and nonlocal lithic raw materials.
Local Raw Material Preferences

Chalcedony was usually the dominant local cryptocrystalline silicate on the sites analyzed in this study (Table 7.4). Other important cryptocrystalline silicates were silicified wood and, to 
a lesser extent, chert. This ranking of local raw material preferences among the cryptocrystalline silicates was typical of most of the sampled sites. However, an inspection of the local raw material percentages presented in Table 7.4 suggests that there were differences in raw material preferences between the sites in Groups A and D and the sites in Groups B and C (see Table 7.1). To reiterate for the present discussion, Group A equals sites with 1-5 rooms, Group B equals sites with 6-10 rooms, Group C equals sites with 11-20 rooms, and Group D equals sites with greater than 20 rooms. The Group A and D sites contained more orthoquartzite with relatively less chalcedony as compared to the Group B and C sites. By contrast, the sites in Groups B and C contained more chalcedony with relatively low frequencies of orthoquartzite. There was also an increase in the use of silicified woods and cherts, relative to the other groups, for the Group I) sites.
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Table 7.4. Percentages of local law materials by analysis group.
Group A* Group B* Group C* Group D**

Basalt 2.10 13.29 9.29 3.43Quartzites 2.58 6.29 3.68 4.71Orthoquartzite 50.00 5.94 5.80 24.95Chalcedony 33.51 54.89 57.98 31.80Silicifted Wood 8.25 12.59 18.00 25.27Chert 2.58 6.64 5.23 9.85
Total 100.00 100.00 100.00 100.00
* contains one southern site **all southern sites

The high frequency of orthoquartzite in Group A was explained by the inclusion of a site from the southern half of the research area, ENM 2503, which contained 80.01 percent orthoquartzite in its assemblage. The lithic sample from ENM 2503 was large (118 artifacts) when compared to the other sites in Group A which contained less than 60 artifacts in their respective samples. Therefore, it seems likely that the distribution of local raw materials for Group A sites was distorted due to the small samples from these sites. Because only seven of the 
26 analyzed sites were located in the southern half of the research area, northern and southern sites were not grouped separately during the course of the study. Consequently, Groups A-C each contained one southern site, while Group D was composed entirely of southern sites. The Group D sites resembled each other in that they all contain 60 to 90+ rooms and were all located on or near alluvial terraces. All of the sites in this group were occupied for a relatively brief period of time in the thirteenth century. One site, ENM 298, is probably a Mesa Verdean intrusion.

Therefore, it may be argued that the shift in raw material preferences, indicated for the Group D site assemblages, could relate to differences in cultural raw material preferences or a temporal shift in those preferences. However, a similar cultural or temporal shift was not observed in northern sites occupied contemporaneously with the Group D sites. Consequently, the observed variation between analysis groups was probably the result of differences in the raw material resource base exploited by sites in the northern and southern halves of the study area. Previously, the Wilcoxin Signed Rank Test was used to demonstrate that there were no significant differences in the lithic composition of the alluvial terraces in the northern and southern halves of the research area. Therefore, the alluvial terraces were probably not the source of the variability in the local raw material exploitation patterns between the groups.
In addition to the alluvial terraces, there are two other lithic raw material source areas present in the middle Rio Puerco Valley. They are the pediment chalcedony quarries in the northern half of the study area and the Morrison orthoquartzite quarries in the southern half of the study area. Unfortunately, the pediment chalcedony was not macroscopically distinguishable from the alluvial chalcedony. The pediment and terrace chalcedonies were probably derived from the same, or similar, geologic sources. In addition, both the pediment and terrace chalcedonies had undergone both alluvial transport and in situ chemical weathering so that the cortex developed on both materials was also indistinguishable. For this reason, the contribution of the pediment quarries to the lithic raw material procurement system for northern sites could
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not be quantified. Nevertheless, the contribution of the pediment chalcedonies to the local raw material resource base probably explains the differences in chalcedony exploitation patterns 
between northern and southern sites in the middle Rio Puerco Valley.

By contrast, a preference for Morrison orthoquartzite was clearly indicated, particularly 
by those sampled sites located within a 4 km radius of the quarry sites. These sites were ENM 
2503, ENM 1613, ENM 1757, ENM 298, ENM 287, and ENM 704A. The Morrison orthoquartzite available in the vicinity of these sites was both homogeneous and abundant. Apparently the lack of internal fracturing and inclusions, characteristic of the local orthoquartzite, more than made up for its crystalline structure in the eyes of local stoneworkers.It was used by the Rio Puerco Valley Anasazi for the manufacture of flake tools and bifaces, in 
ways basically comparable to the local cryptocrystalline silicates.

Local noncryptocrystalline silicates used on the sampled sites included basalt and quartzite. In general, these raw materials were found in quantities of less than 20 percent, and their use on these sites was task specific. Basalt was used to manufacture some of the core tools associated with plant processing and/or other household chopping and pounding activities.Basalt debitage was also occasionally used in unifacial and bifacial flake tool manufacture.
The choice of quartzite, one of the local raw materials used for flake tools, core tools, or hammerstones, basically depended on the texture of the stone. Fine-grained quartzites were used for flake tools while medium- and coarse-grained quartzites were used for core tools and hammerstones. At ENM 838, fine-grained quartzite was used to manufacture a grooved axe.
Because of the small sample of form tools in the analysis groups, local raw material preferences for form tool manufacture were distinguishable only in very general terms. Within these groups, the overall preferences for local cryptocrystalline silicates, demonstrated for each analysis group, are also reflected in local raw material choices for form tools. All the sampled sites employed chalcedony and, to a lesser extent, silicified woods and cherts in form tool manufacture. Southern sites were often distinguished from northern sites because Morrison orthoquartzite, when locally present, was used for flake tools and large bifaces.

Reduction Patterns for Local Raw Materials
Local raw material reduction patterns were remarkably similar for all the sampled sites. 

This probably denotes a condition of general technological complacency, at least at this level of analysis, for the overall lithic reductive strategy employed by the Anasazi inhabitants. The artifact site entry pose from the sampled sites indicated that local raw materials entered the site after minimal modification, probably as tested cores. Considering the ubiquitous nature of the local raw material resource base, this was expected because lithic raw materials are so locally abundant, core materials could be economically removed from the source area to the site after the quality of the material was determined by minimal flake removals. Silicified woods and cherts had relatively more of their outer cortex removed prior to transportation to the site. This may indicate some variability in the lithomechanical quality of these raw materials. Silicified woods, in particular, often exhibit considerable variation in the degree of silica replacement from cobble to cobble. Therefore, the quality and usability of the material must be established by removing a 
considerable portion of the outer cortex.

The presence of core platform rejuvenation flakes (Crabtree 1972) and error recovery flakes (Muto 1971) indicated that local stoneworkers consistently made efforts to maximize their use of the local raw material during the entire reduction process. The presence of cortex on these
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flake types also indicated that these recovery techniques were applied to cores at every stage of the reduction process. The cryptocrystalline silicate and orthoquartzite cores unrecoverable by these techniques, or too small to be usable, were often secondarily used for percussion-type activities, e.g., chopping, pounding, or mashing materials. Chalcedony, in particular, was used 
for pecking stones on the sampled sites. Because secondarily used decertified cores were rare at 
the sampled sites, unrecoverable cores may have been produced relatively early in the reduction sequence. This concept is supported by the fact that the local cryptocrystalline silicates have 
undergone considerable battering during alluvial transport, producing cobbles with a great deal of internal fracturing. In this situation, the process of cortex removal often produces unrecoverable cores, not because of misapplication of force on the part of the stoneworker but because of the condition of the raw material. In addition, small decertified cores may not contain enough mass to be useful for secondary tasks. Alternatively, core tool production, specifically for percussion type activities, may have been one objective of the overall core reduction strategy.

Recovery techniques were applied, to a lesser extent, to noncryptocrystalline silicate/orthoquartzite materials as well. This may have been related to the production of large 
all-purpose flakes for tasks, where cryptocrystalline silicate flakes were less useful because of their brittleness. Eyman (1968) provides support for this interpretation in her discussion of the Teshoa, an all-purpose flake tool employed by some Shoshonean groups.

A detailed analysis of reduction strategies for bifacial tools was not possible with the present database. However, a limited general outline of the process(es) involved will be offered.
1) Suitably shaped secondary or tertiary flakes were modified into pointed triangular preforms. Some of the unifacial and bifacial flake tools found on the sampled sites may have 

represented the earlier stages of this manufacturing process.
2) The preform may have been used as is. It also may have been further shaped along the blade edge to form a bifacial drill or notched to form a projectile point. Notching was assumed to be the final stage in production because of the presence of apparently finished projectile points 

broken during the notching process.
3) Bifacial drills were also manufactured by reworking damaged projectile points.
Four nonlocal, flaked-stone, raw materials were found on sites in the lithic sample. They were obsidian, tachylite, Narbona Pass chalcedony (formerly Washington Pass chalcedony), and 

Brushy Basin chert.
Obsidian

Obsidian may be obtained from a number of localities in New Mexico and Arizona. Assigning such material to a source locality involves some time, effort, and expense. The nearest obsidian source locality for the middle Rio Puerco Valley is in the Jemez Mountains. Although not demonstrable, probably at least some of the obsidian present on the sampled sites derived from Jemez source localities and/or the Jemez River gravels.
Obsidian was present on 19 of the 26 sampled sites. Four of the 6 sites without obsidian were massively colluviated sites with small samples, suggesting sample error for the absence of obsidian. In two instances, the sites were very small, briefly occupied, Pueblo III sites, suggesting a cultural explanation for the absence of obsidian on these sites.
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Obsidian was consistently represented by debitage, utilized flakes, flake tools, and bifacial tools on the sampled sites. Many of the bifacial tools had been broken in manufacture, indicating on-site production of the artifacts. Thus, a site entry pose suggested the importation of obsidian as flakes or as preforms and subsequent modification at the site to suit the user's needs.
In contrast to this typical site entry pose for the material, a few of the sampled sites (ENM 1337A and ENM 1613) contained obsidian cores. This suggested that, on occasion, obsidian entered the sampled sites as partially decertified cores.

- . I
ENM 1337A was located in a box canyon adjacent to Guadalupe Ruin and was occupied contemporaneously with the Chacoan use of that site. This correlation aroused speculation that obsidian cores brought into the middle Rio Puerco Valley were associated with the presumed Chacoan trade network. Although an obsidian core top rejuvenation flake was recorded in the lithic sample from Guadalupe Ruin analyzed by the author, no cores were found in other contemporaneous sites near this ruin.
The other obsidian core was found at ENM 1613, a southern site, occupied just after the Chacoan abandonment of Guadalupe Ruin (ca. A.D. 1090). ENM 1613 was part of the Keyhole Kiva Complex of sites in Salado Canyon. These sites represented the earliest occupation of the 

southern half of the study are.
Interestingly, Shelley (1983:64-67) noted an increase in obsidian importation during the Mesa Verdean occupation of Salmon Ruin. The material's site entry pose (debitage, utilized flakes, flake tools, and bifacial tools) was identical for both Salmon Ruin and the sampled sites from the Rio Puerco Valley. However, in the middle Rio Puerco Valley, there were no apparent temporal or cultural differences in obsidian procurement other than the tentative correlations already mentioned.

Tachylite
Unlike obsidian, tachylite was represented by five artifacts on four of the sampled sites. The most probable sources for this raw material, as far as physical proximity is concerned, were some basalt flows on Mount Taylor, near Grants, New Mexico (Pippin 1987).
Tachylite entered the sampled sites as finished or nearly finished bifacial tools.Although, tachylite projectile points were reported by Pippin (1987) for the Chacoan occupation at Guadalupe Ruin, tachylite artifacts were also recovered from both pre-Chacoan and post-Chacoan sites in the middle Rio Puerco Valley. Finished or nearly finished bifacial artifacts using this raw material suggested that people in this area received finished tachylite artifacts from elsewhere in the region.

Narbona Pass Chalcedony
Narbona Pass chalcedony was also restricted to two artifacts found on two of the sampled sites. This material is a highly distinctive hydrothermal chert/chalcedony found in very limited localities in the Chuska Mountain (Shelley 1983:56-58).
The distribution of Narbona Pass chalcedony was restricted to two sites, ENM 608 (A.D. 1050-1125) and ENM 1019 (A.D. 1125-1300). This material was represented on these sites as a core top rejuvenation flake and as a biface. Shelley (1983:57-63) provides evidence for the use of this material by lithic specialists during the Chacoan occupation of Salmon Ruin. However,

148



on the sampled sites in the Rio Puerco Valley, evidence for a relationship between the Chacoan 
presence in the middle Rio Puerco Valley and the presence of Narbona Pass chalcedony was 
tenuous, at best.
Brushy Basin Chert

As noted earlier, the nonlocal status of this material was in doubt because, while the correct geological formations were present in the southern half of the study area, no source localities were reported during the RPVP's survey of the valley. Therefore, the nearest source 
localities for this material were tentatively assumed to be in the adjacent Arroyo Cuervo Valley 
on the eastern side of Mesa Prieta.

Brushy Basin chert appeared sporadically on five of the 26 sampled sites in both the 
northern and southern sites after ca. A.D. 1000. The material was found on the sampled sites as partially decertified cores and as debitage. No formed tools of Brushy Basin chert were 
encountered in the sampled sites.

The significance of the temporal distribution of this raw material was probably related to 
the occupation of the southern half of the study area for the first time sometime after A.D. 1090. If Brushy Basin chert were available somewhere within the southern half of the study area, then 
local exploitation of the resource would logically coincide with settlement.

If Brushy Basin chert was not locally available in the middle Rio Puerco Valley, then the Rio Puerco Valley inhabitants may have obtained the raw material from the Arroyo Cuervo region to the east, which was readily accessible from the southern half of the research area. Also, similarities between masonry styles and ceramic styles were noted by the author and others (Hurst, personal communication 1980) for some of the Pueblo III sites in the Arroyo Cuervo Valley and Pueblo III sites in the southern half of the study area. These observations, coupled with the apparent lack of quarry sites for Brushy Basin chert, indicate a nonlocal origin for this 
lithic resource.
The Nonflaked Stone Assemblage

The sampling problems encountered during the course of this study were particularly evident in the nonflaked stone assemblage from the sampled sites. The recognition and collection of nonflaked stone artifacts appeared massively inconsistent from site to site. This disparity in nonflaked stone assemblages cannot be attributed to differences in site function because the site survey forms revealed that nonflaked stone artifacts were often recorded on sites containing no groundstone in the excavated sample.
There are probably two basic reasons for the sampling problems encountered within the nonflaked stone assemblage. First, many of the student volunteers who worked on the project through the years lacked experience in Southwestern archaeology. Therefore, nonrecognition of modified stone and groundstone artifacts may have been a relatively common problem. Certain inexperienced crew personnel were taught to recognize the different artifact classes in the field. However, fragmentary groundstone is often difficult to recognize by the inexperienced, even when shown the differences. Therefore, it may not have been unusual for these artifacts to be overlooked during excavation. Second, many sites were located a considerable distance from the roadways. Because groundstone is often heavy and awkward to carry, individual crew chiefs may have elected to leave these artifacts in the field. Consequently, the presence, type, and
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amount of groundstone from the sampled sites was essentially meaningless for interpretive 
purposes.

Conclusion
In this study, the lithic collections from 26 Anasazi sites in the middle Rio Puerco Valley, ranging in age from A.D. 875 to A.D. 1300, were analyzed. The intention of this analysis was to explain some of the basic lithic raw material acquisition and reduction strategies employed by the Anasazi peoples in this region.
This was accomplished by approaching lithic procurement as a primarily economic strategy through which raw materials, available at finite locations, were selected, transported, and reduced to tools for use at various locations (Chapman 1977:371-374). Specifically, the concept 

of site entry pose, as formulated by Shelley (1979:5-6), was employed to monitor the reductive state of raw materials entering the sampled sites. In this way, the basic lithic procurement and reduction strategies employed by the local inhabitants of the middle Rio Puerco Valley were revealed.
The Anasazi of the middle Rio Puerco Valley solved the problem of lithic raw material procurement in a straightforward and economic manner. This study has demonstrated that suitable lithic materials were locally available, often within 0.5 km of the habitation site. The three local lithic raw material source areas available to the Rio Puerco Valley Anasazi were: 1) 

the alluvial terrace gravels found throughout the study area, 2) the pediment chalcedony quarries in the northern half of the study area, and 3) the Morrison orthoquartzite quarries in the southern half of the study area. It is from this resource base that local raw materials were selected by the inhabitants of the valley.
Selection of a raw material for use was probably dependent on a number of factors including the material's relative abundance within the resource base and its suitability for the intended tasks. As demonstrated in this study, the local raw material preferences reflect the interplay of these .two factors.
Cryptocrystalline silicates were the preferred local raw materials used for flake stone tool manufacture. Although silicified woods and cherts were employed for flaked stone tool manufacture, chalcedony was the most commonly used local cryptocrystalline silicate. Chalcedony cores were also used as pecking stones, one of the basic tools used in groundstone manufacture.
Noncryptocrystalline silicates, specifically basalt and quartzite, were used for other, task-specific, activities. Basalt was used to manufacture many of the core tools associated with household chopping and pounding activities. Basalt debitage was also occasionally used in the manufacture of unifacial and bifacial flake tools. Quartzite was used for flake tools, core tools, or hammerstones, depending on the texture of the stone.
There are implied differences in local cryptocrystalline silicate preferences between the northern and southern halves of the study area. The inhabitants of the northern area apparently exploited chalcedony to a greater extent than did the inhabitants of the southern area. The study results suggest that the preference of the northern inhabitants for chalcedony reflects the existence at local chalcedony quarries. Therefore, the difference in chalcedony preferences between northern and southern sites is probably the result of differences in the availability of the raw material within the resource base. However, this conclusion cannot be objectively
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demonstrated here because the pediment and alluvial chalcedonies could not be visually distinguished.
Local preferences for Morrison orthoquartzite were clearly indicated for sites within the 

southern half of the study area. This trend is particularly evident on those sites located within 4 
km of the quarries. Morrison orthoquartzite was used by the local Anasazi for the manufacture 
of flake tools and bifaces in ways comparable to the local cryptocrystalline silicates, with the exception of projectile points and bifacial drills. Cryptocrystalline silicates, particularly chalcedony, were used to manufacture these tool types on both northern and southern sites.

The reduction strategies for exploiting raw materials were consistent through time and space. The artifact site entry pose indicated that local raw materials entered sites after minimal modification. This was expected because the lithic raw materials were so locally abundant that core material could be economically removed from the source area to the site after the quality of the raw material was established by minimal flake removals.
As indicated by the use of various core material recovery techniques, efforts were made to maximize use of the local raw materials during the reduction process. The probable goals included production of flakes for unifacial and bifacial tool manufacture, production of simple flake tools, and production of core tools, including pecking stones.
Four nonlocal raw materials were exploited by the Rio Puerco Valley Anasazi. They were obsidian, tachylite, Narbona Pass chalcedony, and Brushy Basin chert. These raw materials show that the Rio Puerco Valley Anasazi lived as part of a regional cultural system. The study conducted here can only indicate, in very general terms, the nature of the relationship between the Rio Puerco Valley inhabitants and their neighbors.
Tachylite and Narbona Pass chalcedony bifacial tools were probably imported into the middle Rio Puerco Valley as finished or nearly finished tools. Tachylite projectile points were reported by Pippin (1987) from Guadalupe Ruin. Although the exact nature of their participation is presently unknown, the presence of finished artifacts made of these nonlocal raw materials suggests that the Rio Puerco Valley Anasazi were probably involved in the regional exchange system of the Chacoan Anasazi. However, the acquisition of tachylite artifacts both predates and postdates the Chacoan presence in the study area.
Imported obsidian and Brushy Basin chert also appear unrelated to the Chacoan exchange system. Obsidian is used on Rio Puerco Valley sites from Basketmaker III until the Anasazi regional abandonment in the thirteenth century. Imported obsidian flakes and preforms were subsequently modified at the site to suit the user's needs. Some partially decortified obsidian cores were also imported. This phenomenon has also been tentatively correlated with the Chacoan presence in the middle Rio Puerco Valley.
Brushy Basin chert first appears on middle Rio Puerco Valley sites after the southern half of the study area is settled, sometime after A.D. 1090. Evidence suggests that the exploitation of this raw material was probably related to the twelfth and thirteenth century Anasazi occupation of the Arroyo Cuervo region.

Directions for Future Research
As previously stated, the primary goal of the program of excavational testing implemented by the Rio Puerco Valley Project was to establish a detailed regional chronology.
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primarily to lead to detailed spatial analyses of the Anasazi settlement system. In taking this approach, however, much useful information on the lithic system was either inadequately 
collected or not collected at all.

It is a truism in archaeology that no project, however large or elaborately conceived, can every collect all the necessary information on the cultural system under study. Inevitably during 
the course of a project, some classes of information are emphasized at the expense of others. Therefore, the purpose of this discussion is to assess the potential of the collections from the 
RPVP for further lithic studies and to suggest alternative sampling strategies when the present 
collections will not suffice.

Some of the major advantages of the RPVP collections for further lithic studies are as follows: 1) the sites have been located and surveyed, 2) a regional chronology has been developed which is applicable to both surface and excavated materials, and 3) a preliminary study of the raw material acquisition and reduction strategies for some middle Rio Puerco Valley sites has been done. Redman (1975:148) recommended a multistage approach to sampling on a regional level which proceeds from a generalized investigation of the sampling universe, e.g., the region, to successively smaller portions of the sample universe as the questions asked of the data 
become increasingly specific. Sites in the middle Rio Puerco Valley have already been characterized in regional terms so that, in essence, the first stages of Redman's multistage approach have been accomplished. Therefore the stage has been set for more detailed studies of local and regional raw material acquisition and reduction strategies, Anasazi lithic technology, site function, and craft specialization.

Aside from the specific information necessary for regional studies of lithic acquisition,(e.g., precise chemical characterization of the raw material under study), the topics mentioned above have the same general informational requirements. Basically, they require good temporal and contextual control of collections from sites where all the loci of lithic activities have been sampled.
One particularly thorny aspect of many lithic studies is the probability that not all lithic activities were carried out at the structural site. For example, hunting tools were used and, perhaps, discarded in locations other than the habitation site. These locations, if exposed by the depositional environment rarely, if ever, have the temporal information and contextual integrity that permit a positive association between these temporary-use locations and structural sites.One promising solution to this dilemma may arise from detailed studies of Anasazi lithic technologies, but until such a solution is achieved, researchers will continue to be limited by this problem.
There are three potential sources of information for detailed lithic studies in the middle Rio Puerco Valley. They are the intensively surveyed surface sites, the test excavation materials, and new excavations.
The intensively surveyed, but unexcavated, sites represent a major untapped resource for lithic studies in the middle Rio Puerco Valley. Although surface collections are often considered very unreliable, Lewarch and O'Brien (1981:298) have pointed out that:
surface and subsurface assemblages have comparable systemic context formation histories until they reach
archaeologic context, where the primary differences in the two informational sets results from
postdepositional processes operating at different levels o f intensity or processes unique to modem surfaces.
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Therefore, depending on the nature and intensity of the postdepositional processes at a particular 
site, carefully controlled surface collections may adequately sample a site's lithic assemblage, as well as providing clues to subsurface features. This is particularly true when the cultural deposits are relatively shallow (Binford et al. 1970; Flannery 1976). Cultural deposits on middle Rio Puerco Valley sites rarely exceed a meter in depth, with depths of 50 to 75 cm the rule rather than the exception. Although these deposits are not as shallow as those studied by Binford et al.(1970) at Hatchery West, neither are they so deep as to preclude some relationship between surface and subsurface deposits. Therefore, some site function, raw material acquisition, and 
reduction, as well as technological studies, could be carried out on some of the surface site 
collections from the middle Rio Puerco Valley. In addition, the seriation developed by the RPVP 
has already been applied to the surface collections so that the presumed temporal span of these 
sites is known.

The main drawback to lithic studies of surface collections relates to the active nature of the depositional environment of most sites in the valley. Many of the sites have been subjected to periodic episodes of intensive colluviation with subsequent periods of stability or erosion. If surface materials are used for lithic studies, sites need to be carefully chosen.
The materials from test excavations are mainly valuable for their information on the nature of the cultural deposits and the depositional environment. The test excavations provide basic information about the depositional history of the cultural layers, including the surface artifacts. Therefore, the information from the test excavations may be used to evaluate the depositional integrity of the surface collections as well as to evaluate the site potential for more extensive excavations.
The intensively surveyed sites, most particularly those having undergone excavational testing, should form the baseline for additional excavations in the middle Rio Puerco Valley. These excavations are necessary to implement reliable studies of Anasazi lithic technology, craft specialization, and site function. The main deficiency of the extant RPVP collections for most 

lithic studies is that the full range of on-site lithic activities has not been adequately sampled. Asch (1975:170-191) has suggested that the most productive way to adequately sample structural sites is by applying a judgment sample, based on the available information and the excavator's experience, to the structural features of the site and then applying a stratified unaligned random sample to the nonstructural areas of the site. In this way, the full functional variability of the site will be represented and, therefore, the full range of lithic artifacts would be represented. Such an approach could provide valuable information for future lithic studies.
The lithic technological system of a people is a basic link between that people's adaptation to the environment and is reflected in activities both on and off the site. To study 

culture change, social mechanisms of exchange, prehistoric economics, site function within a settlement system, or even that settlement system's relationship to its environment, then questions about the Anasazi lithic system must continue to be asked and answered.
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CHAPTER 8
ANASAZI SETTLEMENT DISTRIBUTION AND THE RELATIONSHIP TO ENVIRONMENT

b y

Larry L. Baker
Locational survey defined a total of 895 Anasazi settlements within the Rio Puerco Valley Project (RPVP) study area. They span the entire range of Anasazi culture from its first recognizable aspects during the early Basketmaker period up through late Pueblo III times. The middle Rio Puerco Valley was abandoned by its Anasazi inhabitants during the early fourteenth 

century. Only limited evidence of Pueblo IV occupation has been found in the immediate area.
Questions raised with regard to the development of Anasazi culture in the middle Rio Puerco Valley and changes in prehistoric settlement patterning through time have been addressed through locational analyses of Anasazi settlements at several different levels. The following discussions focus on the locational analyses developed for understanding Anasazi settlement systems. Correlation of settlement morphology; site distribution as related to the adaptive forms of aggregated, dispersed, and nucleated; and site location with regard to the availability of general landform classes have provided a framework for understanding settlement behavior.

Variables of Settlement Morphology
The growth of Anasazi culture from the Basketmaker periods up through the florescence 

of the later Puebloan periods has manifest itself, at least in part, in the development and expansion of various architectural forms, culminating in the elaborate masonry structures of late Pueblo II and early Pueblo III times. The framework for analyzing settlement patterning has been developed incorporating fundamental variables of settlement morphology as related to architecture. Architecturally enclosed space has been viewed as a means to examine population parameters in prehistory (Clarke 1974; Hayes 1981); however, some have cautioned against the generalization of room data for these purposes without a clear understanding of the function and relationships of these rooms at the site level (Lekson 1981, 1984). RPVP research strategies were restrictive in terms of excavation within structures. As a result, data on absolute functional differences is virtually nonexistent except at the most superficial level. This does not preclude the use of more basic site morphological data to define and organize general population parameters. In addition, it should be noted that generally Middle Rio Ruerco Valley sites do not exhibit the more structured dichotomy of large versus small sites as is the case in Chaco Canyon. Site size through time shows a lesser degree of variability although size differences do exist. Large settlements exhibit characteristics more appropriately considered aggregated settlements rather than the large nucleated settlements of the “great houses” of Chaco Canyon (see Chapter 
1).

The variables of settlement morphology used for analyzing settlement patterning include: number of rooms, number of kivas, square meters of architecture, and square meters of artifact scatter. These data were for the site level. Room counts were based on surface manifestations of observed room units defined during intensive site survey. All defined rooms, whether they functioned for domestic or storage purposes, were incorporated into the counts. However, cists and small storage features were not included in such counts as room units. Structure extent as rubble mounds were also incorporated into the analysis for developing room counts. Estimates of the number of rooms within a rubble mound were extrapolated from data on room size derived from units clearly visible within respective associated rubble mounds. Depressions at sites were either counted as room units or kivas, depending on their temporal classification during ceramic



analysis and their respective size and position within the site area. Kivas were defined in terms of more traditional views of such structures in the northern Southwest. Additional variables 
were generated once site level data were organized into a temporal framework. These variables include: total number of rooms for any one seriation group, range in numbers of rooms per site, average number of rooms per site, and total square meters of artifact scatter.

Site Distribution: Aspects of Aggregated and Dispersed 
Settlements and Their Relationship to Landform Classes

The theoretical framework for understanding prehistoric Pueblo organization in the middle Rio Puerco Valley has been developed from general systems theory. The systems model has been characterized by three organizational systemic states. These principal states have been termed dispersed, aggregated, and nucleated. The characteristics of these principal states and their respective processes have already been discussed (see Chapter 1).
Dispersed and aggregated states as defined in the central exploratory model are relevant for characterizing the predominant settlement patterns through time in the middle Rio Puerco Valley. The nucleated state is very restrictive in terms of the elements necessary to achieve this state. The nucleated site is possibly only represented at two sites within the RPVP study area: Guadalupe Ruin (ENM-838) and Eleanor Ruin (ENM-883). These sites show the characteristics of form and architecture which identify them as Chacoan communities, i.e. outliers.
The distribution of sites and individual site morphology and size in the middle Rio Puerco Valley have been examined in terms of the respective characteristics of aggregated and dispersed settlements. To reiterate for the present discussion, the population units of dispersed settlements have been defined architecturally as small “Prudden unit” complexes of 3 to 15 rooms with one or more subterranean ceremonial chambers (Irwin-Williams 1981). Economically, they are semi-independent and dispersed for minimizing distance to, but taking maximum advantage 

of, localized opportunities for akchin agriculture (Irwin-Williams 1981). Aggregated settlements are viewed for the present discussion as settlements having population units greater than those of 
the dispersed state, i.e., greater than 15 rooms, and exhibiting one of the forms termed aggregated-clustered, aggregated-contiguous, or aggregated-planned (see Chapter 1). As Irwin-Williams has indicated, the threshold between the two states is not easily definable, and the process of dispersed to aggregated may have a range of possibilities. Generally, the aggregated state is characterized economically by a greater degree of community interaction and by control in land and water management.

Site distributions have been seen as a means to examine the relationship of dispersed versus aggregated settlements in terms of adaptive-demographic-organizational forms recognizable within the context of the archaeological record. Landform-environment analysis (see Chapter 4) has been superimposed against the framework of systemic states and Puebloan organizational forms. The landform analysis as developed by Nials (1981) provides an important set of additional variables with which to view settlement behavior. The correlation of site size and distribution data with landform classes provides an effective means to examine settlement patterning. Specifically, the critical relationship between site/settlement location and landform involves resource availability, i.e., defined arable land, observed at specified distances from sites. Resource availability and Puebloan adaptive strategies provide the focus of a detailed discussion later in this chapter.
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Site Morphology and Settlement Distribution Through Time
The principal variables used for understanding settlement behavior have been defined.

The correlation of site size data and locational data provides an effective means to examine population and settlement distribution with regard to aggregated and dispersed forms. These investigative criteria only need to be structured temporally in order to examine these patterns.The temporal framework serves to organize the discussion with regard to population growth and changes in settlement form and organization through the period of Pueblo occupation.
The discussion of site morphology and settlement distribution has been organized 

chronologically by sedation group as defined by the method outlined by Durand and Hurst earlier 
in this report (see Chapter 6). In this section, the terms “sedation group” and “ceramic group” refer to a set of sites whose ceramic assemblages have been classified into one of the groups 
defined in the ceramic sedation. The term “period” is used occasionally with reference to the time interval which a given sedation group is thought to represent.

Seventeen sedation groups defined on the basis of similar ceramic associations have been generated for the periods from Basketmaker III to Pueblo III. Surface ceramic collections were used to determine the sedation group's affiliation since test excavations were not practical at all sites. Occupation at any one site during any one time period was classified as definite, probable, 
or possible and based on sample sizes as related to the specifics of the seriation method. Only those sites with sufficient samples, i.e. over twenty sherds, and subsequently classified as definite or probable occupations with regard to seriation group affiliation were used for the settlement pattern study. Sites or occupations (components) at sites showing only a possible correlation in terms of specific seriation group were eliminated. Possible correlations, in most cases, were associated with small samples.

Examining sites in relationship to the parameters of the seventeen seriation groups allows the definition of fine temporal components at any one site. Five hundred and seven sites were used to develop the settlement pattern analysis. A total of 1,156 individual seriation components were defined at the 507 sites. All Anasazi sites in the valley are shown in Figure 8.1. Evaluation of the component data has provided the fundamental data set for examining settlement distribution and population dynamics through time. The following discussion examines the overall site morphology data and settlement distributions.
Seriation Group 1: Ending in A.D. 828

The initial seriation group is the only group which has been defined within the Basketmaker III period. Problems have been encountered with regard to recovered field data on number and size of structures primarily due to the low visibility of pit house structures and the respective limitations of the testing program. Subsequently, quantifiable information on site morphology is limited and the data presented on site size for Group 1 should be considered tentative.
Data that are available for the group are presented in the context of the present discussion for general comparative purposes. Definite or probable occupations assigned to Seriation Group 1 were defined at a total of 50 sites. Twenty-eight of these sites were recorded as scatters exhibiting no definable architecture or structures. For Seriation Group 1, room counts were equated with pitstructures. Architectural data was available for 22 sites, however, three sites were eliminated from the analysis due to insufficient data. Nineteen sites were used to compute site size data. Table 8.1 summarizes available data for all 17 Seriation Groups.
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Settlement distribution for the 50 sites defined as definite or probable occupations within Seriation Group 1 is graphically represented in Figure 8.1. Generally, sites with architecture are 
located predominantly on upland areas above tributary drainages.

Table 8.1. Settlement morphology data through time in the middle Rio Puerco Valley.
SeriationGroup Sites w/ Architecture No. of Rooms Size Range in Rooms Average No. of Rooms per Site

Total nf of Scatter
1 19 90 1 to 16 5 34,750
2 19 94 1 to 21 5 37,793
3 25 89 1 to 21 4 25,2254 34 218 1 to 32 6 22,159
5 29 217 1 to 32 8 13,372
6 34 233 1 to 32 7 16,8287 48 346 1 to 32 7 25,7858 56 496 1 to 33 9 34,0759 76 588 1 to 33 8 45,671
10 110 971 1 to 38 9 75,30511 84 644 1 to 33 8 55,091
12 95 869 1 to 59 9 78,757
13 107 922 1 to 59 9 87,335
14 148 1,495 1 to 59 10 139,776
15 129 1,488 1 to 60 12 113,999
16 103 1,484 1 to 95 14 107,052
17 40 827 1 to 95 21 50,483

Seriation Group 2: A.D. 829 to 863
Similar problems were encountered with available data on the number and size of structures within Seriation Group 2. The site size data should be considered tentative because information on site morphology is limited.
Definite or probable occupations were defined at a total of 65 sites within Seriation Group 2 (Table 8.1). Forty-one were recorded as scatters exhibiting no evidence of architecture or structures. Sufficient architectural data was available for 19 sites with 5 sites being eliminated from the analysis due to the lack of quantifiable data.
Settlement distribution for the 65 sites defined as definite or probable occupations within Seriation Group 2 is graphically represented in Figure 8.1. Sites exhibiting architecture are located on upland areas above tributary drainages, similar to the locations exhibited in Seriation Group 1.

Seriation Group 3: A.D. 864 to 903
Once again, problems were encountered with regard to the data available on the number and size of structures within Seriation Group 3. Definite or probable occupations were defined at a total of 71 sites (Table 8.1). Thirty-five of these were recorded as artifact scatters exhibiting no architecture. Viable architectural data was available for 25 sites, with 11 sites being eliminated
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from the analysis due to insufficient data. Table 8.3 summarizes available data on settlement morphology for Group 3.
The settlement distribution of the 71 sites defined as having occupations within Group 3 

is graphically represented in Figure 8.2. Sites exhibiting architecture are located predominantly 
on upland areas above tributary drainages similar to the pattern exhibited in the two previous 
groups. The range of site size is also identical with the range of size in Sedation Group 2, i.e., 1 to 21 rooms.
Seriation Group 4: A.D. 904 to 937

Problems were still encountered with regard to available data on architecture and structures, however, generally a greater level of confidence is held regarding site morphology data within this and later groups. Definite or probable occupations were defined at a total of 60 sites. Sixteen sites were recorded as artifact scatters. Thirty-four sites were recorded with sufficient data on architecture and 10 sites were eliminated from the analysis due to the lack of sufficient architectural information (Table 8.1).
Figure 8.2 shows the settlement distribution of the 60 sites defined as being occupied during Seriation Group 4. Sites with structures are no longer located in upland areas above tributary drainages. Site locations have shifted toward the main tributary streams and are concentrated principally along the contacts of slope environments with the tributary valley floors. The range of site size is from 1 to 32 rooms. It should be noted that within the selected sample, the first evidence of a kiva appears in Seriation Group 4. It is associated with the largest site included within this group.

Seriation Group 5: A.D. 938 to 950
Definite or probable occupations were defined at a total of 49 sites during Seriation Group 5. Twelve sites were defined as artifact scatters. Architectural data were collected at a total of 37 sites, however, only 29 sites could be used within the context of the present analysis with 8 being eliminated from the study sample (Table 8.1).
Figure 8.2 shows the settlement distribution of the 49 sites defined as being occupied during Seriation Group 5. Sites with structures are located predominantly along tributary streams at the contact of various slope environments with the valley floors. The range of site size is from 1 to 32 rooms. Four kivas were recorded in association with sites occupied during this group. Two are associated with small sites of five and six rooms respectively, one is associated with a 32 room structure, and one is associated with the Eleanor Ruin. The Eleanor Ruin is a 19-room pueblo and is one of two Chacoan communities defined within the study area.

Seriation Group 6: A.D. 955 to 968
Definite or probable occupations were defined at a total of 46 sites in Seriation Group 6. Seven sites were recorded as artifact scatters. Architectural information was recorded on a total of 38 sites (Table 8.1). Thirty-four sites were used within the context of the present analysis with five sites being eliminated from the analytical sample.
Settlement distribution of the 45 sites defined as occupied in Seriation Group 6 is shown in Figure 8.3. Sites with structures are located in areas similar to sites occupied within Seriation
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Group 5. The range of site size is from one to 32 rooms. The four kivas recorded in Group 6 are associated with the same sites as those of Seriation Group 5.
Seriation Group 7: A.D. 969 to 990

Seventy sites were defined as having definite or probable occupations in Seriation Group 7. Thirteen sites were recorded as artifact scatters and one site was defined as a water control 
feature. Architectural data was recorded at a total of 56 sites. Forty-eight sites were used within the context of the analysis with eight sites being eliminated from the analytical sample (Table 8.1).

Figure 8.3 shows the settlement distribution for all sites occupied during Seriation Group7. The distribution of the sites with structures is similar to that of the two previous groups. Similarly, the range of site-size is identical to previous groups and has been unchanged since Seriation Group 4. Twelve kivas were recorded in association with sites occupied during this group. Four kivas are associated with small sites of less than 10 rooms and 3 kivas are associated with sites of 10 or more rooms. The other 5 kivas are associated with Chacoan communities within the study area. Four kivas may have been used during this time at Guadalupe Ruin and one at Eleanor Ruin.
Seriation Group 8: A.D. 991 to 1016

Definite or probable occupations occurred at 85 sites in Seriation Group 8. Fifteen of these sites were defined as artifact scatters exhibiting no structures or architecture. Two sites were defined as water control features. Architectural information was recorded at a total of 68 sites; however, only data from 56 sites could be used for the present analysis (Table 8.1). Twelve sites were eliminated from the analytical sample due to incongruities in the recorded data.
Figure 8.3 shows the settlement distribution for the 85 sites assigned to Seriation Group8. Sites with structures continue to be located in positions similar to Seriation Groups 5 to 7, i.e. along the contacts of slope environments with the valley floors of tributary streams. The range of site size is very close to that of the previous four groups only increasing by one room. Ten kivas were recorded in association with sites in Seriation Group 8. Three kivas are associated with sites of less than 10 rooms, 2 kivas are associated with sites of 10 or more rooms, and 5 are associated with the Chacoan communities of Guadalupe and Eleanor.

Seriation Group 9: A.D. 1017 to 1055
One hundred eleven sites were defined as having definite or probable occupations during Seriation Group 9. Fifteen sites were recorded as artifact scatters exhibiting no architecture.Three sites were defined as water control features. Architecture was recorded at a total of 93 sites. Seventy-six sites were used within the context of the present analysis with 17 sites being eliminated from the total sample at which architecture was recorded (Table 8.1).
The settlement distribution for the 111 sites assigned to Seriation Group 9 is shown in Figure 8.4. Sites with structures continue to be located at the contacts of various slope environments with the valley floors of tributary streams. The range of site size is the same as in Seriation Group 8. Thirteen kivas were recorded in association with sites occupied during this time. Five of the kivas are associated with Guadalupe and Eleanor ruins. Six of the kivas are associated with relatively small sites of less than 10 rooms. Other than the two Chacoan
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Figure 8.4. Distribution of archaeological sites in the middle Rio Puerco Valley. North is to the top of the maps.
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Figure 8.5. Distribution of archaeological sites in the middle Rio Puerco Valley. North is to the top of the maps
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Figure 8.6. Distribution of archaeological sites in the middle Rio Puerco Valley. North is to the top of the maps.
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Table 8.2. Middle Rio Puerco Valley site morphology data for the northern and southern population concentrations.





CHAPTER 9
POPULATION, SETTLEMENT PATTERNS, AND PALEOENVIRONMENT:CULTURE CHANGE IN THE MIDDLE RIO PUERCO VALLEY

by
Stephen R. Durand and Larry L„ Baker

The data compiled in our study of the middle Rio Puerco Valley provides a unique 
opportunity for understanding Anasazi culture change. The valley was occupied continuously until about A.D. 1275 or 1300. The Rio Puerco valley inhabitants witnessed the rise and fall of Chaco Canyon as well as the twelfth and thirteenth settlement changes that seem to characterize the post-Chaco period. We have dated the sites (Chapter 6), recorded extensive site size parameters (Chapter 8), and have detailed reconstructions of paleoenvironment (Chapter 4) and paleoclimate (Grissino-Mayer 1996). In this chapter we summarize these data and evaluate current models of Anasazi culture change.

Population
The Southwest has often been characterized as marginal for agriculture and many explanations of culture change in the region are based on a complex interplay of population, climate/environment, and behavior (e . g Cordell 1997; Dean et al. 1985:538-540; Gummerman 1988; Irwin-Williams, this volume; Kohler 1993). A key component to these models is population and not simply population at a given location but within a region. We can estimate broad population trends relatively easily but high frequency trends in the temporal and spatial domains are somewhat more difficult to estimate (Powell 1988). Understanding short term population variability is necessary in that many of our climate/environmental reconstructions are quite detailed, especially for the late prehistoric period. The Rio Puerco Valley Project (RPVP) seriation allows us to estimate population change in the region at a very fine scale.
A related issue and a sub-text for this chapter is that of scale. Mahoney (2000) makes a strong case for defining an interacting community at much larger spatial scales than we have considered heretofore. While it is clear that Guadalupe Ruin was the focal settlement in the valley, it certainly was not isolated from the rest of the settlements in the valley. Our survey and analyses distinguish a northern and southern area. We have tended to treat these areas as independent entities. They certainly have a different occupational history, but this may be related more to functional considerations than a sociological separation. That is, the occupation of the southern area may be the result of population growth in the north and the subsequent occupation of less productive areas by groups that maintained direct social and economic ties with their relatives and friends to the north. This larger area is not inconsistent with the definition of community as proposed by Kolb and Snead (1997) and used in this region and elsewhere by Mahoney (2000). This issue is, in fact, important as separating or combining the areas results in very different demographic trends.
Figures 9.1 and 9.2 depict population trends through time in the north and the south. We have chosen to use room counts as a proxy for population, fully cognizant of the problems in estimating room counts from surface remains. It matters little whether one uses site frequency, square meters of rubble, square meters of architecture, or room counts; the patterns are the same. The room counts undoubtedly overestimate the actual rooms occupied at any one time although the estimation error is more or less consistent. We did not attempt to smooth the population curve or provide a momentary population as others have done (Mahoney 2000; Varien 1999). These procedures are valid but require further assumptions about site occupational histories that was not available from the survey data. We stand by the trends, not the magnitudes of the values.



In the north (Figure 9.1), there is a steady population increase until the mid A.D. 1000s, which is followed by a century of population decline. This is not the same trend that seems to 
characterize Chaco Canyon developments (Hayes 1981; Lekson 1984). The late A.D. 1000s is the period of greatest expansion in the canyon (Lekson 1984). After about A.D. 1140 population 
begins to grow again and reaches another peak in A.D. 1200 followed by rapid decline and

Figure 9.1. Population trends through time in the northern portion of the research area.

Figure 9.2. Population trends through time in the southern portion of the research area.
abandonment by A.D. 1300. The south (Figure 9.2) is not occupied by Anasazi farmers until the mid-A.D. 900s, and the population is low until well into the A.D. 1000s. Population growth is
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more or less continuous throughout the occupation of the south until abandonment around A.D. 1300. The peak population in the south (around A.D. 1200) exceeds the peak population in the 
north (around A.D. 1050).

Taken as whole, the population trends for the north and south look different (Figure 9.3). 
There is a minor peak in the second half of the A.D. 1000s with a local minimum at about A.D.
1100. Peak population is reached in the A.D. 1200s, followed by a rapid decline in population at 
the end of the thirteenth century. The overall trend is one of continuous population growth until 
this portion of the Rio Puerco valley is abandoned.

Figure 9.3. Population trends through time for the entire middle Rio Puerco Valley.
Despite our unease with absolute values for population, it is clear from the total number of rooms (potentially) occupied that the middle Rio Puerco valley had a substantial population until the end of the thirteenth century. If one equates rooms with people on a 1:1 basis (e.g., Mahoney 2000; Schlanger 1987), the A.D. 1200 population is 1,495. Even half this number is a 

large population for the valley.
Settlement Patterning

The settlement pattern changes in the middle Rio Puerco Valley have already been described (Baker, this volume). Flere we would like to focus on some of the details of the settlement patterning in the valley. It is clear from the settlement distribution maps in Chapter 8 that middle Rio Puerco Valley sites are more aggregated during some periods and less aggregated during others. Indeed, there are some very clear trends within this dimension of settlement 
patterning.

In a previous discussion of this topic (Baker and Durand 1991), we reported the results of a nearest neighbor analysis through time for sites in the northern and southern halves of the research area. The nearest neighbor statistic indicates that settlements are clustered throughout the occupation of the north and south except during the initial occupation in the southern part of the valley (Baker and Durand 1991:335-336). The nearest neighbor statistic, developed
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originally to investigate patterns of species distribution in plant ecology (Clark and Evans 1954), has been widely applied in archaeology (e . g Durand and Pippin 1992; Earle 1976; Hodder 1971; Hodder and Orton 1976; McNutt 1981; Orton 1980; Stark and Young 1981; Washburn 1972, 1974; Whallon 1974). The statistic is based on the ratio of the observed mean nearest neighbor distance to the expected mean nearest neighbor distance (Clark and Evan 1954). The expected mean nearest neighbor distance is a function of the area under study and the density of points in 
that area. Thus the value of the statistic can be altered by modifying the area in question (see McMutt 1981; Pinder et al. 1979). We can define the area in any fashion we wish and though there are some straightforward ways to objectively define area, we choose to avoid this problem and concentrate on the observed mean nearest neighbor distance. This is not a statistic but rather a measure, and, although not useful in statistical inference, the measure can be used to compare the variation in settlement patterning through time. In general, it is intuitively sensible that the average distance between sites through time will measure the process of population aggregation and dispersion.

Table 9.1 lists the mean nearest neighbor distance and other data by time for all sites in the middle Rio Puerco Valley. Figure 9.4 graphs nearest neighbor distance and number of rooms 
through time. The first observation that can be made is that sites are clustered throughout the occupation of the valley. The average distance between sites is large only in the terminal occupation of the valley (505 m at A.D. 1275). Nevertheless, there are some clear trends. The first three seriation groups show a relatively large mean distance between sites. These sites are occupied prior to A.D. 900 and correspond to the Pueblo I period in the Pecos Classification. There is a precipitous drop in mean distance during Seriation Group 4 (mean ceramic date of A.D. 929), and this change corresponds to the pithouse to pueblo transition in the middle Rio Puerco Valley and the movement to clustered settlement near the Rio Puerco (Rooke 2000). There is also a slight population increase at this time.

Table 9.1. Demographic and settlement data for all sites with architecture in themiddle Rio Puerco Valley.
Seriation

Group
Median

Age
Number 
of Sites

Number 
of Rooms

Mean Distance 
Between Sites

Average 
Site Size

Largest
Site

1 807 19 90 381.6 4.7 16
2 849 19 94 323.0 4.9 21
3 876 25 89 304.4 3.6 21
4 929 34 218 160.2 6.4 32
5 945 29 217 183.3 7.5 32
6 954 34 233 195.2 6.9 32
7 982 48 346 286.7 7.2 32
8 998 56 496 294.6 8.9 33
9 1033 76 588 326.7 7.7 33
10 1077 110 971 281.2 8.8 38
11 1105 84 644 298.0 7.7 33
12 1147 95 869 351.9 9.1 59
13 1181 107 922 333.5 8.6 59
14 1207 148 1495 277.4 10.1 59
15 1224 129 1488 244.0 11.5 60
16 1251 103 1484 282.1 14.4 95
17 1275 40 827 505.2 20.7 95
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After A.D. 929 and for about the next 100 years (A.D. 1033), population increases and 
distance between sites increases as well. With an increasing population one might expect to see a reduced distance between sites rather than an increase (i.e., packing of settlements). Population increase seems to have been accompanied by the establishment of new settlements further away 
from the central valley and, presumably, in less favorable areas for crop production. The early to mid Pueblo II pattern in the valley is a budding off of new settlements and not solely internal growth in areas initially occupied.
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Figure 9.4. Average distance between sites (solid line) and number of rooms(dashed line) through time.

In the next seriation group (Seriation Group 10, A.D. 1077), population reaches its Pueblo
II peak and mean distance decreases. There are 110 sites that date to this period (Table 9.1), and the decrease in mean nearest neighbor distance indicates that the valley is becoming packed.After this period and until the mid A.D. 1100s the curves return to the previous pattern of increasing distance between sites in the face of population growth. In fact, the general trend from A.D. 929 to 1147 is increased distance between sites as population grows in the valley.

The trend changes after A.D. 1147 (post-Chaco). The Pueblo III pattern is decreased distance between sites as population grows (Figure 9.4). This trend is consistent until the terminal occupation of the valley. The Pueblo III pattern is an increase in site size to 
accommodate an increasing population. This pattern continues into Pueblo IV (e.g.. Cordell 1997:399-409) although not in the middle portion of the Rio Puerco Valley.

Other settlement data are also informative. Average site size is relatively flat until PuebloIII and then shows a dramatic increase (Figure 9.5). The largest site in the valley is during the terminal occupation of the valley (ENM30, 95 rooms, Figure 9.6) and is located in the southern portion of the research area.
The RPVP settlement pattern data show three trends that correspond roughly to the Pueblo I, II, and III periods of the Pecos Classifiaction. Pueblo I sites, until about A.D. 900, are 

located on terraces up from the valley. Site density is low and distance between sites is relatively
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Figure 9.5. Average site size and total number of rooms through time.

in
Eoo
CD

-O
E

03O

Figure 9.6. Largest site in the valley and number of rooms through time.

large. From about A.D. 900 to 1150, Pueblo II unit pueblos dominate the landscape (Lekson 
1996). The initial Pueblo II occupation is on the valley floor adjacent to the Rio Puerco and its main tributary drainages. Settlements are tightly clustered with a low average distance between sites. As population grows during Pueblo II, new houses are established in different locations and average distance between sites increases. After A.D. 1150 and until the abandonment of the valley (Pueblo III), population continues to increase, but the settlement pattern shows that the population is aggregating into larger sites. These trends have been observed widely in the 
Southwest.
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Paieoclimate and Paleoenvironment
Elsewhere in this volume, Nials and Durand (Chapter 4) present a model of erosion and 

deposition for the middle Rio Puerco Valley. Their model defines two erosional periods between 
A.D. 900 and 1350. Dated erosional episodes correspond to the modeled periods providing empirical support for this model. The first period lasts from about A.D. 1030 to 1080 and is not 
correlated with population decline in either the north or the south. In fact, in both areas and overall, population is increasing throughout this period (Figures 9.1, 9.2, and 9.3). Conversely, 
the second erosional period, at the end of the thirteenth century, correlates nicely with the 
abandonment of the region.

Figure 9.7. Precipitation Effectiveness Index (solid line, see Chapter 4) and Annual Rainfall (dotted line) through time. Annual rainfall estimates are from Grissino-Mayer (1995) and are smoothed using a 50-year spline. Horizontal line intersects the rainfallaxis at the long-term average annual rainfall (14.6 in.).
These seemingly contradictory patterns are understandable if one considers the paleoclimatic data for the areas. In the years since this research was completed, Grissino-Mayer (1996) has completed and published a superb climate reconstruction for the region. Based on isolated old tree stands in the El Malpais region just southwest of the middle Rio Puerco Valley, Grissino-Mayer (1995, 1996) has derived paleo-precipitation estimates that extend back to 136B.C. Figure 9.7 covers the time span in the middle Rio Puerco Valley for which we have population estimates. It is clear from these data that the first erosional episode defined by Nials and Durand is also one of high annual rainfall. Thus, despite initiation of erosion and arroyo development during this time, Anasazi agriculture was not adversely impacted. Arroyo formation in a wet summer climatic regime perhaps resulted in Anasazi farmers turning to dunal environments. This scenario is compatible with the dual cropping strategy as practiced by the Hopi (Hack 1942). Moore (1981) defined possible water control features in the middle Rio Puerco Valley, but dating these features is a problem and we have not attempted to locate actual prehistoric fields. The dispersed nature of the Pueblo II settlement pattern suggests multiple agricultural experiments (Plog 1978) may have been undertaken.
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The second erosional period occurs at the end of the thirteenth century (A.D. 1250 to 
1300) and is characterized by low average annual rainfall (Figure 9.7). As noted, this period corresponds with the abandonment of this portion of the Rio Puerco valley. While the late thirteenth century drought does not appear to be more dramatic than earlier episodes of low rainfall (Figure 9.7), it was accompanied by an ineffective precipitation regime that initiated an 
erosional episode. Not only did the farmers in the valley have less water on an annual basis, but 
erosion dropped the water tables which further exacerbated the effects of low rainfall. We do not 
think that culture change is completely explained by environmental factors but the coincidence of 
low rainfall, erosion, and the abandonment of the valley is compelling (Dean et al. 1985). If the middle Rio Puerco Valley population was at the limits of carrying capacity and other cultural and technological options were not available to offset a long period of low crop yields, the poor conditions at the end of the thirteenth century must be considered, at least, to have played a key role in the abandonment of the valley. This is, of course, not a new idea. Douglass (1929) first suggested that the late thirteenth century “Great Drought” must have had a dramatic effect on prehistoric farmers in the Southwest. Recently, Dean et al. (1985; Gumerman 1988) have made a similar argument for Black Mesa, Arizona and the Southwest in general.

Discussion
There are clear patterns in all the data sources that we summarize above. These patterns are not unique to the middle Rio Puerco Valley and are consistent across much of the northern Southwest. We conclude this chapter with an evaluation of some of the current models of Anasazi culture change as well as own explanation for these patterns.
As has been observed, the middle Rio Puerco Valley is the location of a Chaco outlier, Guadalupe Ruin (Durand and Durand 2000; Pippin 1987). In part, Cynthia Irwin-Williams 

became interested in the prehistory of this region because it did contain a Chaco site. She saw the Chaco period occupation of the valley to be significantly different from prior or subsequent occupations and termed the Chaco period a nucleated system (see Irwin-Williams, Chapter 1; Baker, Chapter 10). This characterization fits well with many current models of social complexity in the Southwest. Many scholars think that Chaco, Hohokam, and Casas Grandes represent regional systems in which power and control were vested in the hands of a few or as Lekson (2000:162) has observed “Something like a chiefdom.” These regional systems are considered to be as close as the Southwest gets to complex society and the evidence, in the Chaco case, is the great house architectural pattern that is spatially expansive: “. . . the rationale for a ‘system’ in virtually all of the Chacoan scenarios is grounded almost exclusively, though often indirectly, in architectural patterning” (Vivian 1996:51). The reason for re-introducing Chaco is that there are those that believe that we cannot understand Pueblo II in the San Juan Basin without reference to Chaco (e . g the personal anecdote in Varien 2000:156).
Vivian (1996:47) groups current explanations for a Chacoan regional system into five “explanatory device scenarios” or simply “scenarios.” In all of these scenarios, the Chacoan regional system is an eleventh century development. Guadalupe Ruin is constructed in the mid tenth century (A.D. 960, Pippin 1987) and prior to the existence of a regional system. The first construction at Guadalupe contains classic Type I masonry and large Chaco style rooms. In the main portion of Chaco Canyon, the only great houses that are present at this time are Penasco Blanco, Pueblo Bonito, and Una Vida, and all of these are shadows of what they will become.Kin Bineola (Powers et al. 1983) and the East Community (Windes el al. 2000), outside the main canyon also contain Type I masonry. It is difficult to conceive of a regional system in operation at A.D. 960 or at least the same organizational system that is in place at A.D. 1100 under any of the scenarios Vivian summarizes. Nevertheless, it is not inconceivable that Guadalupe represents
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one of the first outposts in what will later become the Chacoan Regional System. Judge (1989:235-237) does not consider a system to have been in place at this time and speculates that Guadalupe may have been established as a link to the Cerrillos turquoise source. Vivian 
(1996:49) postulates that later outliers were established by groups from Chaco Canyon seeking improved farmland. Judge and Vivian may both be correct but it is clear that Guadalupe is built within an established community (Durand and Durand 2000). Whether or not Guadalupe and by extension the middle Rio Puerco Valley settlers were emulating the big city (local control) or the big city exported control to the hinterlands is not really knowable (Lekson 2000:160). The former seems to fit the evidence better as there are many more rooms occupied in the non-great house part of the Guadalupe community than there are in the great house on the hill (Durand and 
Durand 2000; Roler 1999). Population grew and new settlements were established in the middle Rio Puerco Valley in tandem with growth in Chaco Canyon. The region is standard, Pueblo II, unit pueblo fare (Lekson 1996). There are lots of them, to be sure, but even the Guadalupe great house is not particularly great in terms of size.

The end of construction in Chaco Canyon at about A.D. 1130 is barely noticeable in the population trends in the middle Rio Puerco Valley (Figure 9.3). There is a local population maximum of 971 rooms at A.D. 1077 followed by a decline to 644 rooms at A.D. 1105. After A.D. 1105, population again increases until the terminal occupation in the valley (A.D. 1275). The settlement patterning, however, does change about the time that the Chaco system implodes 
(Lekson 1996:85). Lekson (1996:85-86) equates Chaco with Pueblo II Anasazi and considers the Pueblo II expansion to be characterized by the establishment of unit pueblos into the limits of the pinyon-juniper and grassland biotic regions. The Chaco signature consists of a great house and great kiva, surrounded by a cluster of unit pueblos (Lekson 1996:85). This is the pattern in the Rio Puerco Valley if one defines the cluster as the middle portion of the Rio Puerco Valley.Also, there is an isolated kiva built on a shale knob, just down from the top of Guadalupe mesa. Although this kiva is not great is size, its size is constrained by its location and would have functioned as a community structure (Durand and Durand 2000:106).

The settlement pattern changes in the valley fit well with a Pueblo II pattern of shifting sedentism also proposed by Lekson (1996:86). If we understand Lekson (1996) correctly, he is proposing that during Pueblo I times, the Anasazi were characterized by village-scale mobility. With the development of the Chacoan regional system, a period of “pax Chaco” ensued and the scale of adaptation shifted to the household with the landscape filled with unit pueblos which were individually occupied for relatively short periods of time. These shifts produced a substantial Pueblo II archaeological signature on the landscape. After Chaco, adaptation returned to the village level in the absence of the relative peace conferred by the Chacoan Regional System (Lekson 1996:85). Lekson (1996:85) believes that well-defined “componency” would support his explanation. The Puerco Pueblo II settlement data do show strong componency; sites are occupied and abandoned (and often re-occupied) at a high temporal frequency. The post- 
Chaco period in the middle Rio Puerco Valey is characterized by a smaller number of larger sites.

Lekson (1996) may well be correct but a slightly different explanation also works with the RPVP data. We believe that a change from household level adaptation (or selection) to village level adaptation is supported by the RPVP data. This may not be a return to a previous pattern but the beginning of a new pattern that characterizes the Pueblo III and later periods in the Southwest. Despite the apparent large aggregations during Pueblo I, some (e . g Gilman 1987) believe that these sites are not year round habitations. Large Pueblo I villages may be sequential household level occupations (adaptations) by a relatively small population. The Pueblo I to Pueblo II change is not a change in the level of selection but rather a continuation of the same kind of adaptation in a different location on the landscape and in more permanent houses. The
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big change outside the Chaco Canyon core is the Pueblo II/III transition of fewer but larger sites 
and probably more complex sites. This pattern is consistent over a large portion of the Southwest. For example, Kintigh (1994:1320) states “that the first aggregated towns emerged in 
the Cibola area between A.D. 1150 and 1225, after the collapse of Chaco.” Similarly, for the Mesa Verde region, Adler (1996:99) concludes that increasing aggregation of residential and 
integrative facilities occurs after A.D. 1125.

This transition is masked in part because the change occurs in the same places that were occupied during Pueblo II. We have an abandonment signature for Pueblo I as in many regions the uplands are abandoned and occupation ensues on the valley floors. This pattern is clear in the middle Rio Puerco Valley (Chapter 8; Rooke 2000). We have an abandonment pose for the 
terminal Pueblo III period as large portions of the Southwest are no longer occupied and large aggregated towns are established in selected areas (Cordell 1997). From A.D. 900 to 1300. Anasazi villagers are living in basically the same place. This 400 year period is not the same adaptation throughout the northern Southwest. In the hinterlands like the middle Rio Puerco Valley the trends are clear, a dispersed settlement pattern until about A.D. 1150 followed by increasing aggregation. It is not surprising that LeBlanc (1999) sees peaks in violence in Pueblo I and Pueblo III. LeBlanc (1999) is certainly correct that we have underappreciated, indeed ignored, the amount of violence in the prehistoric Southwest but his peaks may be a function of the abandonment signature of Pueblo I sites and Pueblo III sites. When one factors in the abandonment signature, it may be the case that violence and warfare were a dull roar throughout the Puebloan period with an increase that corresponded to the dramatic culture changes that we understand occurred around A.D. 1300.

If we are correct in our assessment, what are outlying Chacoan great houses and how do they fit into this picture? We propose that there are two kinds of great houses. Early great houses like Guadalupe were community structures. They were integrative and do not represent a substantial change in social organization. They functioned as isolated great kivas did in previous times and were the focal points of a widespread distribution of unit pueblos. The late outlying great houses that were constructed in the late eleventh century and into the twelfth century were different and may represent the beginnings of Pueblo III aggregation. Salmon Ruin, for example, was constructed in A.D. 1088 (Adams 1980) in the absence of a surrounding community. It was large and complicated. In fact, the developments in the Totah region (McKenna and Toll 1992) are quite different than places like the middle Rio Puerco Valley. The early outlying great houses 
were integrative and were the architectural expression of the Chaco cult. The late Pueblo II outlying great houses were aggregative and were parts of the Chaco System.

The patterns we report here and evaluate are a consequence of considering the Rio Puerco Valley adaptation at a larger scale. The presence of a Chacoan great house in the northern portion of the valley led us to focus on a north/south distinction in the original version of this report. Combining the two areas and considering the valley as a whole has provided additional insight into Anasazi culture change. Zooming out to an even larger scale resolves another question in Rio Puerco Valley prehistory. The area that this report considers is abandoned at the end of the thirteenth century and this is consistent with many regions in the Southwest (Cordell 1997:365-397). The last century of occupation in the middle Rio Puerco Valley is characterized by larger and larger pueblos. Just south of our research area, only a matter of miles away, is an even larger pueblo that is first occupied in the late A.D. 1200s or early 1300s. The site name is the Chavez/Hummingbird site, and the earliest ceramic are identical to the latest ceramics in the middle portion of the valley (M. Adler, S. Eckert, personal communication, 1999). Roney (1996) provides a brief description of the site, and it is larger than any of the sites further north. Adler and others have been working at the site for a few years now and he estimates
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Chavez/Hummingbird to contain more than 200 rooms. Based on the ceramics, a subjective assessment of Adler’s preliminary maps and the general trends we report here, it is highly 
probable that the middle Rio Puerco Valley population aggregated into Chavez/Hummingbird at 
the end of the A.D. 1200s. Furthermore, Pottery Mound, further south on the Rio Puerco, may be 
the subsequent occupation after Chavez/Hummingbird. This last statement is pure speculation, 
however. Regardless, our detailed focus on the middle Rio Puerco Valley suggests a pattern of increasing aggregation and when we broaden our spatial scale, the pattern remains intact.

Finally, we would like to return to the abandonment of the middle Rio Puerco Valley.We suggested earlier that low rainfall and increased erosion at the end of the thirteenth century may have led to the abandonment of the valley. Some years ago Plog (1978:366) suggested that food production may not have dominated the Anasazi landscape until A.D. 1000. Plog (1978) used the term “experiments” to characterize the early agriculture in the Southwest. If Plog is correct and reliance on food production is later in the sequence than we usually think of it as, it makes sense that the carrying capacity crisis induced by an initially successful adaptation may also be late in the sequence, say A.D. 1275. If the middle Rio Puerco Valley population was near the agricultural carrying capacity of the valley and dependent on tributary streams and the main channel to water their fields, it may not have taken much to cause a food shortage crisis. Lipe (1992, cited in Kohler 1993:296) has suggested that the dramatic depopulation at the end of the thirteenth century in the Mesa Verde region may be due to a relatively minor cause. He suggests that the northern populations had reached a critical threshold and a small change may have produced major consequences. Similarly, Dean et al. (1985:538) suggest that change in local 
Anasazi adaptive systems occurs when boundary conditions that define these systems are exceeded. We suggest that the same explanation works well in the middle Rio Puerco Valley. A 
drop in the water table through arroyo development and a period of below average rainfall may 
have resulted in the abandonment of the middle portion of the valley and the reoccupation of the Chavez/Hummingbird site further to the south. Adler, during a fieldtrip in the summer 2000, pointed out that there was no arroyo in the tributary drainage adjacent to the site. In the Rio Puerco Valley and with modem land use practices (i.e., overgrazing), this is a unique situation; and it is very possible that there was no arroyo in this tributary 700 years ago when landscape modification was less dramatic.

The middle Rio Puerco Valley is a dramatic region that grew and declined by the end of 
the thirteenth century. Our explanations and speculations regarding the prehistory are based on an expansive survey of the region and as precise dating as possible. Undoubtedly, many will take issue with our conclusions as Cynthia Irwin-Williams probably would have done. Nevertheless, the patterns seem clear to us and, hopefully, will be useful to others. While Lekson (2000:163) has admonished us all to think “BIG” regarding Chaco, we prefer the more provincial approach of understanding “small” and hope that our summaries and interpretations will provide grist for the mill of those that wish to think big regarding Chaco and the San Juan Basin Anasazi.
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CHAPTER 10
SYNOPTIC OVERVIEW: THE PERSPECTIVE OF THE PRINCIPAL INVESTIGATOR

by
Larry L. Baker

Cynthia Irwin-Williams’ long-term involvement as Principal Investigator of the Rio Puerco Valley Project (RPVP), as well as her in-depth and indeed intimate knowledge of the 
region’s archaeology, placed her in a unique position from which to identify and analyze the patterns and processes related to the valley’s Anasazi occupation. These complex data sets 
including climatic and environmental variables, demographic and settlement patterns, and sociopolitical factors were continually being evaluated and tested by Cynthia within the framework of the theoretical models of changing Anasazi culture. Many informal discussions, which Cynthia called head bangers, were held in the field as well as the laboratory to assist her and the Rio Puerco Valley Project staff understand and integrate the multifaceted data collected during the many years of research. As her colleagues might expect, Cynthia had very specific ideas of how the RPVP data on environmental conditions, subsistence technology, population growth, 
settlement patterns, and socio-economic organization verified the explanatory model characterized by the adaptive forms of dispersed, aggregated, and nucleated states. Given that over a decade has elapsed since Cynthia’s death, interpretations of the RPVP data and respective research syntheses may have changed during this time. Neither of the editors of this volume would presume to speak for Cynthia in relation to her understanding of the prehistoric Puebioan occupation in the middle Rio Puerco Valley. Nevertheless, it seems appropriate to present, at some level, the overview Cynthia might have, in part, presented based on the interpretive data available in 1990. This synopsis is prepared out of respect for her professionalism, dedication, and commitment to the project and its conceptual framework.

Archaic to Basketmaker Transition
The Archaic Period cultural sequences of the Oshara Tradition (Irwin-Williams 1973) have stood the test of time for defining cultural development in northwestern New Mexico. This research was centered in the Arroyo Cuervo area, a tributary of the Rio Puerco, and defined as an Archaic continuum which is a precursor to Pueblo society in the region. The Arroyo Cuervo drainage must have provided an almost optimal setting for Archaic adaptive strategies through time. As a result, human occupation during the defined hunting and gathering phase flourished in this region, as is evidenced by the number and variability of sites.
In the Arroyo Cuervo watershed east of the Mesa Prieta, there are some prehistoric Pueblo sites ranging from the Basketmaker to Pueblo III periods. These sites are few in number and there is no Puebioan continuum represented as there is during the Archaic. Conversely, there is exactly the opposite occupational scenario within the main Rio Puerco Valley and along tributaries west of the Mesa Prieta. Within this area, the number of Archaic sites/components are fewer with only 108 Archaic components identified out of 1,761 total components at 1,232 sites. During the Basketmaker II period, components/sites are still limited with 16 clearly identified. Low profile visibility of the earliest Basketmaker sites could, at least in part, be a factor in their limited numbers, however, less reliance on agriculture is also a likely factor in terms of the earliest occupation by the Anasazi in this portion of region. As cultivation of domesticated plants becomes increasingly important in the subsistence economy, the middle Rio Puerco Valley provides a locale well suited for the development of Anasazi settlements. The specific environmental resources necessary for farming are present and essentially unexploited during this time. By the Basketmaker III period, the Anasazi occupation in the area increases markedly with 127 components being defined.



Basketmaker III - Pueblo I: Dispersed and Aggregated Settlements
Within the framework of the defined seriation, only Seriation Group, 1 ending in A.D. 

828, provides insights for the late Basketmaker period. Within the RPVP study area, considerable similarities are found during the Basketmaker III to Pueblo I sites with regard to variables of settlement morphology and location. There are some changes with regard to artifact scatter size at sites with architecture, which decreases by the end of the Pueblo 1 Period. This suggests the precursor or initial formation of a more compact unit (pueblo) form by Seriation Group 3, A.D. 894 to 903. If this is indeed the case, it may signify that the pithouse to pueblo transition is complete in the middle Rio Puerco Valley but has possibly taken longer or been developmentally delayed as a result of cultural and/or related environmental factors.
Climatically, this time may not have been ideal in terms of precipitation effectiveness; but given that agriculture and its effect on the landscape have been limited up until this time, the environment may have sustained if not more than adequately supported corn agriculture.

Dispersed and aggregated settlements occur during this time up to A.D. 900. Generally, settlement is concentrated on upland areas above major tributary drainages. This is the primary locale for aggregation but not the only type of landform inhabited during the late Basketmaker III and Pueblo I periods. Gravel capped terraces along the Rio Puerco watercourse itself may be exploited micro environmental settings along the terrace margins. Dispersed settlements and smaller aggregated communities are positioned in these areas and may not have been as ideal, i. e., successful, as the upland, broader mesa environments of Guadalupe and Salado canyons. Regardless, both settlement emplacement and morphology provide insights for suggesting initial or what might be considered incipient aggregation in terms of the explanatory model. Finally, it is important to note that during this time, sites are limited in the southern portion of the study area and by the end of Pueblo I, no occupations are identified in the Canada Nervio, Canyon de Agua Blanco, and Salado Creek drainages. This pattern of no occupation in the southern area continues well into the Pueblo II Periods.
Pueblo IP Dynamic Settlement and Environmental Factors

Within the first seriation group (Seriation Group 4: A.D. 904 to 937) of the Pueblo II Period, the unit pueblo is indeed in evidence and it is highly likely that it is more widespread than 
actually identified during the greater areal survey. The number of sites as well as the size of sites is increasing but the artifact scatter represented at sites with architecture decreases slightly. Generally, this pattern of increasing numbers and size of sites without large increases to the square meters of scatter associated with sites containing architecture is maintained throughout most of the first half of Pueblo II.

It is interesting to note that from A.D. 904 to 937, an additional well-defined pattern with regard to settlement location begins to emerge. Architectural sites remain occupied on the upland, mesa environments above the major tributaries; however, they are not as numerous as during the Pueblo I Period. An additional locale, the flood plain margin of the Tapia Arroyo (see Figure 8.4.), becomes a new focus for site location. Some sites on the gravel capped terraces along the Rio Puerco remain occupied, but they are considerably fewer in number. Initially, the patterns of dispersed and aggregated settlements are in some ways quite similar to the distributions prior to A.D. 900. The major difference is that the selection of the new flood plain environmental zone does not develop from a dispersed to aggregated pattern but seems toimmediately have the appearance of an incipient aggregated form with a number of sites in very close proximity.
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These trends in settlement morphology and site location as related to land form- environment selection continue until the mid A.D. 900's. The number of settlements south and east of Guadalupe Mesa, positioned between the Salado and Tapia arroyos, are increasing and are now located on both sides of the Tapia Arroyo west of its confluence with the Rio Puerco. It is 
during this time that the earliest Chacoan site is identified in this aggregated settlement area. Eleanor Ruin, near the base of Guadalupe Mesa, was initially occupied during the period A.D. 938 to 950. It is important to note, however, that the sites clustered on and around Guadalupe Mesa predate the Chacoan intrusion into the locale, and an aggregated community was already in 
place by the beginning of Pueblo II. Equally interesting is the fact that during this time of the Chacoan intrusion, site frequency has decreased and so has the size of artifact scatters associated with sites containing architecture. Given both factors, it is, in all likelihood, not a sampling error but a slight decline in population as new aggregation and settlement strategies emerge. Although not severe, fluctuations in effective precipitation may account for this decline. Variable climatic patterns may have effected the population growth in relation to environmental factors in both previous and relatively new settlement locales.

This decline in site numbers and respective population is short lived. Effective precipitation is on the rise by shortly after A.D. 950 and variables of settlement morphology appear to covary accordingly with some increases in site frequency and artifact scatter size. Generally, the tendency is to interpret these changes from the perspective of environmental determinism; however, technological innovations related to akchin agriculture can not be ruled out, given the introduction of Chacoan elements into the existing local economy. If indeed advancement in farming technologies related to intensified runoff management were introduced either through Chacoan immigration into the Rio Puerco Valley or alternatively, via exchanges in ideology, the increased efficiency in agricultural production may provide the mechanism for 
population growth. This premise is re-enforced by the construction of an additional site exhibiting Chacoan attributes during the A.D. 960s. This site, Guadalupe Ruin, is positioned on a steep sided prominent mesa (Guadalupe Mesa) within the existing community. As this town develops into the A.D. 1000s, its growth displays the characteristics of what has been termed a nucleated settlement. The nucleated form exhibits traits which are not found in the earlier forms, i.e., aggregated and dispersed (Irwin-Williams 1980). These features are consistent with Chacoan great house development and related to agriculture and water management in a desert region. In relation to site morphology, this can be seen archaeologically in terms of site size, placement, architectural complexity, and design sophistication.

By the end of the A.D. 900s settlement placement has shifted almost entirely from the 
mesa environment locale to the margin of the valley floors along tributary streams. Numerous sites are centered in the Guadalupe Ruin area and are positioned on either side of the Tapia Arroyo. Additional sites are located to the south of the Guadalupe Ruin community, both along the western bank of the Rio Puerco as well as the broad open terraces two kilometers west of the river course. Settlement in these areas can be defined as dispersed. It is also during this time, A.D. 969 to 990, that some limited occupation again appears in the southern portion of the RPVP study area. The first site identified as a water control feature also dates to the latter A.D. 900's.

Throughout the remainder of the Pueblo II period, site frequency and respective population increases markedly. During the A.D. 1000s, the number of sites with defined architecture more than doubles. Additional water control devices were defined and dated to this time. Sites with architecture are predominantly located near the contacts of various slope environments with the valley floors of tributary streams. Their position seems to be consistent with a relationship for the control and management of runoff for akchin agricultural strategies. Although there is major drop in precipitation effectiveness, particularly in the mid 1000s (see
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Figure 4.18), as well as the first evidence of arroyo development, the respective settlement emplacement and concomitant subsistence strategy must have been highly effective. The area of the Guadalupe Ruin community experiences a site density that can be considered packing. Settlements extend southward from Guadalupe with an additional site exhibiting Chacoan attributes approximately 4 kilometers south and two kilometers west of the Rio Puerco. A road (Roney 1992) and road related features have been identified between these two locales and may 
have linked these Chacoan settlements. Larger sites, over 10 rooms in size, are positioned on the terraces along the west flank of the Rio Puerco. A limited number of sites also are located on the 
east side of the river. More importantly, a group of larger sites, more than 10 rooms, are occupied along the middle reaches of Salado Creek in the southern part of the study area. This is a significant developing community at the end of the A.D. 1000s. A Chacoan presence is not readily discemable architecturally within the sites of the Salado Creek area.

Pueblo III: Chacoan Collapse, Increased Dispersion, and New Aggregation
During the Pueblo II to Pueblo III transition (A.D. 1092 to 1126), site frequency and 

settlement distribution displays marked differences in terms of the trends of the previous 150 years. The overall trajectory of the increases in numbers of sites, room counts, square meters of associated artifact scatter, and inferred population makes a sudden reversal. The total number of sites and sites with architecture both decrease by approximately 25 percent. Total number of rooms has declined by one third, and the overall area of associated artifact scatter has been reduced by one fourth.
Consistent with the Chacoan collapse during this time, Guadalupe and Eleanor ruins show no definite or probable occupation in terms of the ceramic sedation, suggesting, at least, the partial abandonment of these Chacoan outliers. The systemic disintegration of the Chaco socio-political organization may have been too disruptive for the nucleated settlements to survive intact. The community surrounding these sites shrinks but does survive with major aggregation shifting to the south side of the Tapia Arroyo. Although fewer in number, dispersed sites remain 

scattered around the core Guadalupe Mesa-Tapia Arroyo nexus.
In terms of landforms and their relationship to site location, slope environments remain important but sites are being located on the valley floors farther away from slopes and mesas. Effective precipitation remains low during the early Pueblo III period. In combination with arroyo development, sites may need to be located further from the water collecting landforms to divert and use water from a wider, i.e., greater, area. This may be particularly important in the area of more intense aggregation around the Guadalupe community vicinity. The dispersed site localities may be effected less than those areas which are more intensely occupied over a longer 

period of time. Within the southern portion of the RPVP study area, the aggregated settlements that have developed along Salado Creek seem to be effected little in comparison to the Guadalupe area.
By the latter half of the A.D. 1100s, site frequency and the total number of rooms is again approaching the frequencies identified in the late A.D. 1000s before the Chaco collapse. With regard to site morphology, two important factors are apparent, which differ from the century before: the size range in terms of the numbers of rooms has increased by 35 percent and there are approximately 20 percent more kivas than during any previous period.
Occupation at Guadalupe Ruin is again indicated and is related to an intrusive San Juan population element. Site aggregation is also increasing in the Guadalupe Mesa-Tapia Arroyo vicinity as well as eastward across the gravel-capped terraces towards the Rio Puerco, however,
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sites are not as packed or intensely aggregated as before A.D. 1100. It appears that the structure 
of aggregation is different. An increased number of dispersed settlements are scattered across the broad, open terraces south of the Guadalupe Mesa area. These dispersed sites are generally 
larger than they have been previously. In the southern portion of the study area, communities are spreading out along Salado Creek with additional sites located along the lower reaches of the Canado Nervio as well as lower Rio Puerco. During this time, the precipitation effectiveness is well above average and is, in all likelihood, facilitating the overall population growth of the region. Additional influx of intrusive populations is also effecting the population increases. For example, Helicopter Mesa located in the southern area also exhibits strong San Juan style 
influences, ceramically and architecturally. The trend of site emplacement seems to be toward 
limited aggregation and that settlements are more dispersed linearly, generally along the drainage courses, with a greater number of rooms per site, i.e., ten or more rooms.

By A.D. 1200, the population of the middle Rio Puerco Valley is at its maximum with well defined population/site clusters in both the northern and southern portions of the study area. Not only are the total number of sites at the highest frequency but all variables of settlement morphology have increased with the exception of the site’s size range in terms of room numbers. This also includes a maximum in the number of kivas identified during this earliest portion of the thirteenth century. The trend of larger site size continues into this last hundred years of occupation in the middle Rio Puerco Valley.
The precipitation effectiveness begins to decline during this time and the major drought cycle of the A.D. 1200s becomes a dominant climatic factor effecting settlement location and demographics in the region. Over the next 100 years, the overall tendency is for limited aggregation and a greater dispersed settlement placement along the major tributary drainages, both in the northern and even more so, southern portions of the study area as well as on either side of the Rio Puerco itself. There is, however, a shift in the mid A.D. 1200s to major aggregation in the southern portion of the area at the locality known as Loma Fria. Site size range increases and some of the dispersed settlements are being abandoned for the landforms positioned between the Canada Nervio and the Salado Creek of the south. It is during this time of increased aggregation that a major dam for water control is identified along the lower reaches of the Canada Nervio.
The Guadalupe Mesa area continues to be an important settlement locality; however, there is a general decrease in the sites in this area. Aggregation is limited and site locations are positioned in a linear pattern across the gravel capped terraces. It is possible that there was a population shift from the north into the southern aggregated Loma Fria community. It is also possible that the out-migration by residents of the middle Rio Puerco Valley into adjoining areas is already underway by the mid A.D. 1200s and certainly by the latter half of the thirteenth century.
By the late A.D. 1200s, site numbers and respective population have decreased markedly in the study area. By A.D. 1275, two aggregated settlement localities remain, Guadalupe Mesa and Loma Fria. Dispersed settlements are also in evidence but are few in number. The abandonment of the middle Rio Puerco Valley is consistent with the greater abandonment of the Anasazi heartland by the beginning on the fourteenth century. As elsewhere, a multitude of factors including climate fluctuation, environmental degradation, resource depletion, and internal population pressures are contributing to these events. It is likely that these residents of the middle reaches of the Rio Puerco Valley moved south or possible east and established large (1000+ rooms) settlements along the Rio Puerco and other major drainages. In terms of the organizational form of these large communities, it is presently not known how they relate to the
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dispersed, aggregated, and nucleated settlements that are their precursors and if there continues to be a relationship with the Rio Pueblo Valley cross-temporal trajectory characterized by the three, 
defined adaptive-demographic-organizational states.

Evaluation and Conclusion
Without a doubt, Cynthia would have expanded on the above descriptive summary of the 

middle Rio Puerco Valley’s prehistoric Puebloan occupation and presented the work in the context of a synthesis. It is highly likely that such a synthetic statement would have included an expanded discussion of the explanatory model of dispersed, aggregated, and nucleated organizational states, defined relationships of the model as it might be applied to the “Chaco Phenomenon,” possible network theory scenarios, and comparisons within a regional, archaeological framework. This author is not prepared or qualified to assume or resume such an 
awesome responsibility. It should be noted, however, that Cynthia’s work and concepts are still being referenced in terms of regional system’s studies. In all likelihood, her work, ideas, and 
models will guide archaeological thought and study well into this century.

In this vein, a few concluding remarks seem appropriate. Vivian’s comments (1996) are compelling in relation to the Rio Puerco Valley research. Although his 1996 work focuses on “Chaco ” as a Regional System, his discussions can be applied to the Anasazi occupation in the 
Rio Puerco study area. Vivian (1996:48) indicates that

My present use of “Puebloan enterprise” reflects two basic tenets o f this scenario, which I believe 
Irwin-Williams would have accepted, Toll favors in part, and Sebastian might buy with a bit o f 
coaxing. First, the term “puebloan” is intended to reflect the fact that we are dealing with a lifeway 
that involves communal occupation of buildings. Moreover, this communal aspect was expressed 
in both great house and small house (or Unit house) architectural forms.
Second, the term “enterprise” in all o f its usages appropriatedly describes the nature of the 
Chacoan undertaking; that is, a systematic, purposeful economic activity that was difficult, 
complicated, and risky. I would even go so far as to say that an additional definition, “readiness to 
engage in daring action,” also typified the Chacoan venture. Members of this scenario group 
generally agree that the enterprise in question, agricultural intensification in a marginal 
environment, was difficult, complicated, and risky. We differ, however, with respect to the role a 
harsh environment played in stimulating sociopolitical complexity in the Chaco area. Sebastian 
has placed Toll and Vivian (and would probably include Irwin-Williams) among her 
“Adaptationalists”-those who infer that Chacoan complexity developed as a response to  the 
marginal environment.

Developed specifically for the Chacoan context, the basic tenet of “adaptation” in marginal environments can be seen as the basic underpinnings of dispersed, aggregated, and nucleated settlements in the middle Rio Puerco Valley. The Chacoan component, /. e., occupation, represents only a segment of the valley’s greater population. Cynthia was a proponent of a Chacoan population intrusion into the Rio Puerco Valley. This Chacoan element may have changed the equation (trajectory) of settlement organization in the area. Vivian (1996:49) 
continues

My explanation for regional aspects o f the Chacoan system-roads and the occurrence of outlier 
communities-generally parallels that o f Irwin-Williams and reinforces the premise of Puebloan 
enterprise. In essence, outlier great houses are postulated as representing the establishment of 
groups from the Chaco Core seeking improved farmland on the more productive peripheries o f the
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San Juan Basin. These great houses frequently were established within existing small house 
communities.
It will never be known if Cynthia would have subscribed to Vivian’s characterization of a 

“Puebloan enterprise” for generalizing models or theoretical schemes, especially as it may have 
related to the Rio Puerco Valley research. Nevertheless, there is a point which Vivian makes in evaluating various research scenarios.. He concludes:

Finally, I have argued for some time that the failure of regional studies to accord small house sites 
and the communities they compose “equal billing” with great houses, great kivas, and roads can 
only lead to flawed reconstructions of past sociopolitical organization. Small house communities 
must be viewed as critical components of community patterns and the larger Chacoan “system”
(Vivian 1996:50).

From the perspective of the Rio Puerco Valley Project, Cynthia would have, in all likelihood, agreed and would have certainly addressed Vivian’s contention.
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