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ABSTRACT 

In this study climate-sensitive tree ring chronologies 

and modern climate data are used to produce prehistoric 

estimates of summer drought for the Mimbres and Pinelawn

Reserve areas in New Mexico. The nature of these estimates 

are evaluated using tenets of the Anasazi behavioral model. 

It is concluded that many of the behavioral processes 

associated with prehistoric populations on the southern 

Colorado Plateaus can be see!l operating within the two 

Mogollon areas selected for study. As they have on the 

plateaus, processes in past human behavior can be linked to 

three factors: prehistoric efforts to intensify agricultural 

production, fluctuations in population group size, and 

increases, or decreases, in summer drought. 
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Chapter 1 

INTRODUCTION 

One objective guided development of prehistoric summer 

drought estimates. The objective was to determine if a model 

designed to explicate past human behavior on the southern 

Colorado Plateaus (Dean 1988a; Dean et ale 1985; Euler et ale 

1979; Plog et ale 198B) could be used to account for 

variations in past behavior in the mountains of southwest and 

west central New Mexico. While the Anasazi behavioral model 

was developed to facilitate archaeological explanation using 

information from the southern Colorado Plateaus, its general 

applicability makes it appropriate for archaeological 

explanation in other regions of the Southwest. 

This study uses prehistoric tree ring chronologies to 

generate estimates of summer drought for two areas in New 

Mexico -- the Mimbres area in southwest Ne'il Mexico and the 

Pinelawn-Reserve area in west central New Mexico. While these 

estimates span different segments of the prehistoric era in 

New Mexico, they do include a significant portion of the past 

two thousand years. 

The study is· divided into seven chapters. The first 

chapter serves for introductory remarks and provides the 

study's rationale. The second chapter outlines the basis for 

the behavioral model. The third chapter discusses 
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paleoenvironmental data sources for the southern Colorado 

Plateaus used to form current views of past environment. The 

fourth chapter presents the summer drought estimates for the 

two New Mexico study areas and outlines methodological 

concerns. In the fifth chapter the archaeological records 

relevant to southwest and west central New Mexico are 

reviewed. This chapter also correlates the records for both 

New Mexico Mogollon areas with the general culture chronology 

used by Reid (1989) for the westernmost portion of the 

prehistoric Mogollon region, the mountains of east-central 

Arizona. The sixth chapter presents an evaluation of the 

relevance of the behavioral model for explaining critical 

elements of past human behavior. The seventh chapter 

summarizes the study's conclusions. 

It is concluded that the model selected for use in 

archaeological interpretation - Dean's ( 198 8a: 27) Anasazi 

behavioral model can be used to account for critical 

features of past human behavior in the mountains of southwest 

and west-central New Mexico. In addition, summer drought 

estimates for both New Mexico regions, when combined with 

other environmental data, can retrodict climate's contribution 

to processes in past human behavior. 
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Paleoenvironmental studies designed to 
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examine 

environmental impacts on past human behavior remain a mainstay 

in archaeological endeavor, not only in southwestern 

archaeology (Gumerman 1988; Graybill and others 1989), but in 

world archaeology (Byrne 1987). While early environmental 

investigations in southwestern archaeology focused attention 

on how the more negative aspects of environment likely 

conditioned patterns in past behavior (e.g., drought and 

arroyo-cutting - see Baldwin 1935; Brew 1946; Bryan 1941; 

Douglass 1936; Haury 1935; Kelley 1952; Reed 1944, 1946; 

Henderson and Robbins 1913), today greater recognition is 

afforded the fact that even positive aspects of past 

envirorunent could have forced human populations to make 

important behavioral adjustments (e.g., see Nials et ale 

1989). Moreover, southwestern researchers now recognize the 

fact that beneficial aspects of past environment provided 

prehistoric populations with new opportunities that radically 

modified settlement-subsistence decision-making (Dean 1988a; 

Graybill 1973; Hassan 1978:83; Reid 1973, 1989; Reid and 

Graybill 1984; Dean et al. 1985). While many of the earlier 

studies designed to examine the natur8 of past environment and 

its probable impacts on human behavior were clearly 

deterministic, there is general recognition among 

archaeologists today that multi-causal models not focused 
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strictly on explaining behavioral causality in environmental 

terms are needed. 

In keeping with this more current perspective in 

environmental archaeology this study was undertaken so that 

the efficacy of a multi-causal model used to explaLl aspects 

of past human behavior in one area of the Southwest could be 

gauged in another area of the Southwest. Because the role of 

general models in behavioral explanation in archaeology has 

been well assessed in archaeological literature there is no 

need to reiterate arguments for use of such models. There is, 

however, a need to underscore a potential problem that can 

arise with adoption of general models in archaeological 

explanation. This problem, in particular, can become glaring 

in archaeological studies that emphasize human adaptations to 

environment. 

As archaeologists increasingly turn to multi-causal 

models to use in interpreting data, confusion will 

consistently arise over the most important variables to study. 

Such confusion is going to become common, quite simply, 

because there are so many different environmental factors that 

impact human behavior. In addition, the same environmental 

factors in different social and economic contexts will be met 

with varying responses (e.g., see Ellen 1982, Jochim 1981, or 

Netting 1971, 1974). The question in· this instance seems can 

be better phrased by asking which of a seemingly endless array 
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of environmental variables should archaeology focus on? That 

is to say, which variables are going to tell the archaeologist 

most about past human behavior? Clearly, the answer to this 

question will have to do with the problem a researcher 

approaches. Second, but more important, the answer has to do 

with using multi-causal models that reduce the potentially 

endless number of environmental variables influencing past 

human behavior into manageable sets which empirical study has 

shown, or at least cornmon sense indicates, most significantly 

impacted past human behavior. 

In keeping with this last criterion the Anasazi 

behavioral model was selected for study. The Anasazi 

behavioral model clearly embodies a theoretical perspective 

whereby critical links are established between aspects of past 

environment, population, and human behavior. At the same 

time, however, the mode 1 is des igned to avoid the 

proliferation of environmental variables with potential for 

influencing past human behavior. 

It is the conviction that this study's significance lies 

in demonstrating that the general model used to explain 

aspects of past human behavior on the southern Colorado 

Plateaus can be used to explicate past human behavior 

elsewhere in the Southwest. Further, the model is used for 

these purposes without degenerating into deterministic 

statements about past environment or past human behavior. 
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Chapter 2 

Outlining the Anasazi Behavioral Model 

For the southern Colorado Plateaus Dean et ale (1985) 

specify seven domains of prehistoric behavior that can be 

accounted for using their behavioral model (see also Dean 

1988ai Euler et al. 1979 i Plog et al. 1988) • The seven 

domains of prehistoric human behavior accounted for using this 

model include, but are not exclusive to: (1) settlement 

behavior, (2) subsistence practices, (3) SUbsistence mix, (4) 

interaction, (5) territorality, (6) social integration, and 

(7) ceremonialism. 

The Anasazi behavioral model first identifies sets of 

past environmental conditions on the Plateaus for specific 

time periods. Past environmental conditions are estimated 

using multiple lines of paleoenvironmental information. The 

range of paleoenvironmental data sources used for obtaining 

information include tree ring chronologies (Dean 1988b), 

records pertaining to past streamflow as well as deposition 

and erosion of alluvial sediments (Karlstrom 1976, 1988), and 

palynological records relevant rates in arboreal and non

arboreal pollen production, dispersal, and deposition (Hevly 

1964, 1968, 1981, 1988). 

Once a specific set of environmental conditions can be 

retrodicted for a particu lar time, they are then used to 
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generate hypotheses about the strategies Anasazi residents 

used to adapt to these conditions. Once hypothesis formation 

is complete, the archaeological record for the Plateaus can 

then be examined for agreement between the patterns in past 

human behavior inferred for time periods when specific 

environmental conditions prevailed and the patterns in human 

behavior that actually existed (see Plog et al. 1988:242-249, 

Table 8.1). 

Only three of the processes in past adaptive behavior 

identified by the Anasazi behavioral model are examined in 

this study. Each process in adaptive behavior is first 

examined in general terms. Next, specific aspects of each 

process are evaluated. For example, under the heading of 

subsistence practices a single aspect of past human behavior 

is examined, and that is the concept of intensification in 

agriculture production. Next, under the heading of settlement 

behavior two topics are explored: (1) population aggregation 

and (2) episodes of population movement between uplands and 

lowlands. Finally, under the heading of interaction, temporal 

social alliances in southwestern and west central New Mexico 

are explored. 

The Anasazi behavioral model assumes that during certain 

time periods population size combined with variations in past 

environment to exert influences on the patterns in human 

adaptive behavior (see discussion in Dean 1988a:40-42; Dean et 
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ale 1985:541 - Figure 1; Plog et ale 1988:234 - Figure 8.1). 

Furthermore, behavioral interpretation using the Anasazi 

behavioral model is based on proposed relationships between 

three critical factors: (1) prehistoric population size, (2) 

natural variations in the environment (climatic variations, as 

well as those of nonclimatic natures), and (3) human behavior. 

The first two factors are viewed as largely independent 

factors over which prehistoric groups on the plateaus exerted 

minimal control (Dean 198Ba:27-28). In other words, Anasazi 

populations had to respond to factors like burgeoning 

population, or dramatic variations in the environment 

impacting food production. The third factor -- human behavior 

is treated as a dependent variable conditioned by 

population size and the state of the environment. 

It is important to note that the Anasazi behavioral model 

does not view all past human behavior as a product of human 

population size or natural variations in the environment. 

Accordingly, some forms of past human behavior can be seen 

varying in random ways (varying stochastically over time). 

These "stylistic" forms of behavior can, however, be viewed as 

a potential reservoir of behavior to be drawn on in the face 

of new challenges presented by the environment or population 

group size (Dean 198Ba:30). In summary, the very nature of 

past human behavior on the plateaus is viewed as subject to 

significant changes emanating from both variations in past 
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population levels and modifications to the environment. The 

logic underlying the links established between the human and 

non-human elements critical to the Anasazi behavioral model 

can be underscored. 

The reasoning used to establish links between past 

population size, the natural environment, and prehistoric 

human behavior on the plateaus relates to the human need to 

obtain food on a daily basis. Secondarily, but probably more 

important, the reasoning establishing links between the three 

varlables relates to a conviction that significant variations 

in human food productivity would have evoked significant human 

responses. While it is clear human behavioral responses to 

changing food availabilities would have varied in timing and 

duration, whether or not a particular response was transformed 

into a persistent pattern in food acquisition was contingent 

on the carrying capacity limits imposed on prehistoric groups 

(see Dean 1988a:27-28). Carrying capacity limits, in turn, 

were largely conditioned by the prehistoric population's size 

at the time an impact was being exerted on food 

availabilities. 

The concept of human carrying capacity is critical to 

understanding the basis for establishing links between past 

population, the natural environment, and human behavior in 

accord with the Anasazi behavioral model. Following Hassan 

(1978:73, 1981) hUman carrying capacity is defined as " ••. the 
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ma.ximum human population that can be permanently supported by 

a given economic system under particular environmental 

conditions" (see Dean 1988a:27-28). In accord with this 

definition, population is viewed as an independent variable 

(following Boserup 1965) that is not subject, in all 

circumstances, to constant and continuous growth. The Anasazi 

behavioral model thus separates itself from earlier "neo

Malthusian" concepts of carrying capacity (Zubrow 1971,1975), 

and, as a result, pays recognition to the ethnographic fact 

that nonindustrial populations can be maintained for long 

periods well below carrying capacity threshold limits. It 

also recognizes a corollary ethnographic fact that 

nonindustrial populations can rapidly approach carrying 

capacity limits as well as they can overshoot such limits (see 

discussion in Wilkinson 1981:254). In spite of the fact that 

the Anasazi behavioral model separates itself in theoretical 

fashion from earlier Malthusian views of population and 

technological change, two central concepts associated with 

this earlier definition of carrying capacity are retained. 

These concepts include population growth and population 

pressure (see Zubrow 1971:127). 

According to the Anasazi behavioral model population 

growth it is viewed as a product of the interaction between 

human groups and the environmental contingencies presented. 

Ultimately, technological innovation occurs, or new material 
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traits and/or strategies for exploiting the environment are 

adapted, to increase potential food outputs (see Dean 

1988a:32). As critical as population growth is to the Anasazi 

behavioral model equally critical is the idea of population 

pressure. Population pressure, in this instance, is viewed as 

the product of growing numbers of people on the landscape. 

In keeping with the Anasazi behavioral model, it is 

concluded that only "... a certain number of people (could 

have been) adequately supported at anyone time in a region, 

given certain environmental parameters and a specific regime 

of food procurement and technology" (Hassan 1978:73). Under 

these circumstances, as a result of emerging population 

pressure, strategies were then invoked in order to alleviate 

the stress emanating from potential food shortages. In accord 

with the Anasazi behavioral model it is recognized that 

prehistor.ic populations living on the southern Colorado 

Plateaus employed a number of buffering strategies (following 

Jorde 1977) to alleviate population pressure and food stress 

(Burns 1983; Dean 1988a). The success rate of particular 

strategies at different times, however, is viewed as highly 

variable (see Dean 1988a:40-42). 

It appears that during late prehistoric times on the 

plateaus, once populations attained maximal population levels, 

a frequently invoked strategy for buffering against potential 

food stress involved the formation of network alliances {F. 
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Plog 1983, 1986; Dean et ale 1985; Plog et ale 1988). 

Alternatively, during times when population pressures and food 

stresses abated, alliance formation became much less 

intensified and interaction between different Anasazi 

territories became less obtrusive (see especia~ly Plog 1986). 

According to Dean (1988a:27-28), human carrying capacity 

is not related to earlier archaeological versions of this 

concept. That is to say, population group size is not viewed 

as the sole determining factor dictating carrying capacity 

influences. Instead, carrying capacity is defined by the 

intensity of a human population's interaction with its' 

environment. This interaction between human beings and their 

environment (basically to obtain food), alternatively, 

dictated the maximum number of people a particular environment 

could support. 

critical for understanding how effectively human 

populations on the plateaus used their environments during 

different periods of time has to do with their technological 

abilities to maximize the full range of food resources 

available. At the same time, it is thought that a 

population's effectiveness at exploiting a particular 

environment setting would have had to do with how time

consuming routinized (traditional) food extraction techniques 

were. Suffice it to say, a multitude of factors (both human 
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and natural) could emerge at anyone time to modify a human 

population's relationship wi th its natural environment. A 

number of factors could alter a population's relationship to 

its carrying capacity "threshold limits" (Dean 1988a:27··28); 

limits imposed on the population, in turn, by the interaction 

between technology and the natural environment. The factors 

viewed as critical by the Anasazi behavioral model in changing 

carrying capacity limits were: (1) technological change 

(either as a result of innovation or adoption of new food 

extraction techniques), (2) changes in population size, and 

(3) environmental variations directly impacting the 

availability of food. 

It is important to stress the upper limits of human 

carrying capacity in this discussion because this is one of 

the most important aspects of the use of the carrying capacity 

concept in the Anasazi behavioral model. While a human 

population's carrying capacity within any environment could be 

broadly or more narrowly defined, depending on the range of 

available foods and the population's ability to exploit these 

resources, all environments possess upper limits beyond which 

they can no longer be successfully exploited without 

modifications in at least one of the three integral factors 

that give carrying capacity more than just theoretical 

meaning. As a result, it can be concluded that whenever 

Anasazi populations were approaching carrying capacity limits, 
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they became more susceptible to divisive social disruption in 

the face of environmental variations not conducive to 

productive food returns (Dean 19BBa:28, 31, 40-41). 

Conversely, it can be concluded that as long as Anasazi 

population levels maintained well below carrying capacity 

limits, environmental modifications inimical to food returns 

had little, if any, impact on economic or social behavior (see 

discussion in Dean 1988a:43). When it is recognized that all 

three of the factors that contribute to carrying capacity must 

be given equal weight in assessments of why particular 

patterns in human adaptive behavior emerged, alternative 

models that are more deterministic in stressing only one 

aspect of carrying capacity behavior, population, or 

environment - become deficient in explanatory power. 

One of the major dilemmas in southwestern archaeological 

interpretation that the Anasazi behavioral model helps 

resolve, interestingly enough, was first recognized by 

dendroclimatologists. Following extensive tree ring research 

in the Mesa Verde region, dendroclimatologists noted the 

obvious longevity and severity of the Great Drought, 

emphasizing a long-held archaeological view that this event 

was a principal cause for abandonment of the Mesa Verde region 

in the late 13th century (Fritts et ale 1965a). At the same 

time, however, researchers noted earlier, and even longer, 

droughts associated with the prehistoric Mesa Verde tree ring 
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sequence. As a result, they questioned why other episodes of 

severe moisture stress did not appear to impact Mesa Verde 

residents before the 13th century (Fritts et ale 1965a). The 

crux of their question - why no noticeable change in human 

behavior in the face of longer and more severe droughts before 

the 13th century - has often served as the basis for rejecting 

any notion that environment should be considered a real factor 

in conditioning past adaptive processes (Jett 1964:2B2-290; 

also see discussion in Dean 19BBa:43). In other words, 

rejection of the notion of environmental causality in shaping 

lifeways in the Southwest was based on a single question. 

That question being, if modifications to the environment were 

severe enough to impact prehistoric residents in one region at 

one point in time, why did similar events at other times not 

evoke similar responses? The dilemma that once emerged from 

this kind of question is now resolved in the contexts of the 

Anasazi behavioral model. 

It is clear that impacts emanating from variations in 

past environment were more severe at some times than at others 

because of temporal differences in technology and subsistence 

behavior. Variabili ty in environmental impacts on human 

popUlations during differing times was also contingent on 

group size at the time a significant variation in past 

environment occurred. Finally, impacts on human popUlations 

linked to variations in the environment would have temporally 
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varied based on the quantity and quality of plant and animal 

biomass present in an area at the time an important 

environmental variation occurred. 

It should be clear that no single element of the three 

variables determining human carrying capacity limits on the 

plateaus can be used to account for past adaptive behavior. 

Population levels and technology critical elements in shaping 

past human adaptive strategies. The remainder of this 

discussion focuses on the kinds of information about past 

environment required by the Anasazi behavioral model. The 

reason for this discussion, in part, is to demonstrate how the 

wide range of paleoenvironmental data available for the 

southern Colorado Plateaus can be approximated using a more 

limited set of data from the mountains of southwest and west-

central New Mexico. 

Past Environment on the Plateaus: Human Responses 
to Low and High Frequency Variations 

The Anasazi behavioral model specifies four end-states in 

past environment on the plateaus. Each end-state, in turn, is 

specified using palynological, hydrological, and 

dendroclimatic data. Once a particular end-state in past 

environment on the plateaus is identified the adaptive 

strategies most likely associated with it can be outlined. 

That is to say, hypothetical adaptive strategies can be 
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specified for the end-state once population projections for 

the period of concern are established. It is also then 

possible to predict how populations likely resilonded to 

variations in their environment at different times as end

states altered from one to another. It is important to 

understand how the different environmental end-states 

identified on the basis of the Anasazi behavioral model are 

determined. 

For the plateaus variations in climate, hydrology, and 

natural vegetation are tracked, respectively, using tree ring 

chronologies, alluvial hydrologic records, and palynological 

records obtained from both archaeological and 

nonarchaeological contexts. Information from all three 

different environmental sources is then combined to examine 

how both low and high frequency variations in environment 

might have impacted past human behavior. 

Four natural end-states of past environment on the 

plateaus have been identified using the range of environmental 

data outllined above. The four different states of past 

environment recognized on the plateaus include the following 

(Dean et al. 1985; Plog et al. 1988): (1) increased effective 

moisture resulting from an increase in rainfall or a decrease 

in temperatures, coupled with rising alluvial water tables and 

increases in vegetation in both uplands and lowlands; ( 2 ) 

persistence in effective moisture over protracted intervals of 
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time leading to alluvial aggradation (and flood water ponding) , 
along with increases in plant and animal resources in uplands 

and lowlands; (3) significant decreases in rainfall, or 

significant increases in inter-annual temperature regimes, 

resulting in lowered water table levels, stream entrenchment 

and initiation of arroyo-cutting coupled with diminution in 

plant and animal resources in uplands and lowlands; and 

(4) persistence in lower effective moisture conditions 

followed by a lowering of alluvial water tables to the point 

where stream channel entrenchment begins, and shortly 

thereafter, an epicycle in lateral and headward arroyo-cutting 

is initiated throughout numerous floodplain settings. Given 

the overall warm and dry conditions associated with this last 

environmental end-state it is also considered associated with 

times when plants and animals in both uplands and lowlands 

were diminished. 

In this chapter the general theoretical basis for the 

Anasazi behavioral model has been sketched. In the next 

chapter the various lines of paleoenvironmental information 

used to explain past human behavior on the basis of the model 

are discussed. 



Chapter 3 

Past Environment on the southern Colorado 
Plateaus: Data Sources and Information 
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Critical for understanding the interpretive value in the 

Anasazi behavioral model lies in realization that varying, but 

complementary, data sources are used to generate as complete 

a picture of past environment as possible. It is therefore 

important to review these various data sources, and briefly 

explore how they differ in the kind of information about past 

environment they provide. It is also important to explore how 

these various sources complement one another. 

Important data sources for characterizing past 

environment on the southern Colorado Plateaus include: (l) 

alluvial hydrologic records that inform on past surface water 

availabilities and attendant impacts on soil formation and 

vegetation in uplands and lowlands, (2) pollen spectra from 

archaeological and nonarchaeological sites that inform on the 

nature of past vegetation, (3) tree ring specimens from 

archaeological sites that characterize both low and high 

frequency variations in past climate. 

It is important to underscore a single fact. It is 

important to understand that although different 

paleoenvironmental data sources from the plateaus relate to 

different aspects of past environment, information in these 
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sources is complementary. It is complementary because all 

data sources were exposed to the same aspects of past climate 

(Dean 1988b:132; Hevly 1988:116-117; Karlstrom 1988:51-52). 

The presence of shared "climate-signals" (see Cropper 1982; 

Graybill 1982) between these data sources thus makes it 

possible to establish views of past environment on the 

plateaus using different, but coherent, lines of information. 

To understand how information about past environment on 

the plateaus is established, a distinction needs to be made 

between low and high frequency paleoenvironmental signals. In 

paleoenvironmental investigations on the plateaus Dean et ale 

(1985:540-542, but also see Dean 1988a:36-37 and Plog et ale 

1988) have distinguished between variations in past 

environment characterized by low frequency ( long-term) and 

high frequency (short-term) cycles. This distinction is 

significant for two reasons. 

First, by distinguishing between paleoenvironmental 

variations occurring over varying time-spans human behavioral 

interpretation is greatly facilitated. Afterall, human 

behavioral interpretation was the primary for developing the 

Anasazi behavioral model. In recognition of the fact that 

paleoenvironmental data sources have recorded time according 

to varying time-spans the model helps reduce the need for 

overly complex views of past environment. Because the Anasazi 
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behavioral model requires that environmental end-states be 

based on different data sources, contradictory evidence 

between two or more sources could lead to confusing views of 

past environment. It the past, such confusion frequently led 

researchers to select only one data source on which to base 

their views of past environment on the plateaus. Second, the 

distinction between low and high frequency variations in past 

environment aids in behavior interpretation because this 

distinction permits researchers to acknowledge that potential 

threats or benefits posed by past environment were met 

according to varying human response times. 

The distinction made in the Anasazi behavioral model 

between low and high frequency variations in past environment 

lessens the potential for complex views of past environment to 

emerge for one reason. Such a distinction permits researchers 

to expect variations in past environment to appear in 

complementary data sets according to varying cycles of 

occurrence. In other words, such a distinction permits 

researchers to expect low frequency variations (LFV) to appear 

as cyclical trends in some data sources spanning numerous 

decades, or even centuries, while at the same time, 

researchers expect high frequency variations (HFV) to appear 

as noncyclical (random or stochastic) events spanning anywhere 

from one year to up to 20 or 30 years (see Dean 1988a:36-37; 

Dean et ale 1985:540-542). Thus, while a variation in past 
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environment may appear as a gradual upward, or downward, trend 

in a low frequency data source it can appear as a series of 

high frequency oscillations clustered about a ne\·lly 

established mean in a high frequency source. 

The frequency differences observed in data sources used 

to characterize past environment on the plateaus should be 

complementary because of shared climate-signals. However, 

these data sources are expected to display varying lag-times 

in response to climate that make them appear, at least 

superficially, incoherent in a temporal sense. For example, 

higher frequency oscillations may not be expressed as visibly 

in a low frequency data source as in a high frequency source. 

At the same time, however, it is important to recognize that 

high frequency variations in past environment on the plateaus 

possessed abundant potential for influencing past human 

behavior -- especially when these coincided with longer-term 

trends that would have impacted human food production (see 

Dean 1988a:37-38; Dean et a1. 1985:541-542). 

The distinction between low and high frequency variations 

in past environment serves another useful purpose in 

archaeological interpretation. The distinction underscores 

the fact that since variations in past environment took place 

over varying time-scales, human responses occurred over 

varying time-scales. Since human beings possess definite 

limits in abilities to perceive and respond to variations in 
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the environment, human responses are thus expected to be 

as sociated with varying "lag-times". For example, some 

responses to environmental variation on the plateaus probably 

took place quickly, especially if a variation had an immediate 

impact on established lifeways. At the same time, human 

responses to variations in the environment could have taken 

longer, especially if variations were not life threatening. 

While it is not the expressed view that long-term 

variations in the environment on the plateaus did not 

influence populations, it is the view that some variations in 

past environment probably did not evoke immediate human 

responses. It is probable that many variations in past 

environment likely occurred within what appeared to be an 

established range of variation. If so, it is unlikely they 

required immediate human action. On the other hand, if a 

short-term variation began to persist, and if threats to human 

survival increased, more rapid (and quite possibly more 

desperate) responses were invoked. 

It is also the view that whenever long-term variations in 

environment encouraged increased levels of economic 

productivity on the plateaus, these too, were met with varying 

response times. It is obvious that populations residing on 

the plateaus would have possessed little way of knowing 

whether or not a favorable set of environmental conditions 
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might persist (see discussion in Dean 1988a: 43-44) • As a 

result, the rate at which human populations modified behavior 

in order to take advantage of a new, favorable environmental 

circumstance was likely variable. 

It is important to recognize that the low and high 

frequency cycles seen in paleoenvironmental data are by

products of the way data sources are dated. For example, 

alluvial hydrologic records, along with pollen chronologies, 

can usually only be dated using the radiocarbon method. As a 

result, the events recorded in these data sources pertain, 

almost exclusively, to conditions occurring over probabilistic 

time ranges. Tree ring specimens from archaeological sites, 

on the other hand, can be dated to calendar years; thus tree 

ring based data regarding past environment can be established 

for individual seasons of tree-growth. As a result, clearer 

resolution about past environment is afforded with this high-

frequency data source. Sole reliance on low frequency 

sources will limit the researcher to information about past 

environment over longer spans of time. Moreover, since all 

paleoenvironmental data sources tend to integrate information 

over time, low frequency data sources can conflate events 

occurring over shorter spans of time, thus diminishing their 

likely significance. As a result, when low and high frequency 

data sources can be integrated in paleoenvironmental 

investigations, a more coherent picture of past environment 
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will emerge. 

Low Frequency Paleoenvironmental Data Sources 

Two paleoenvironmental data sources are used for 

information about low frequency variations in past environment 

on the southern Colorado Plateaus; these include hydrologic 

regimes and pollen production. It has recently been suggested 

that the palynological and botanical information contained in 

radiocarbon dated packrat middens be used as an additional 

source of information about past environment on the plateaus 

(Betancourt and Van Devender 1981). Information about past 

environment derived from fossil packrat middens is, however, 

extremely limited. Because dating of fossil packrat middens 

is confined to the radiocarbon method (see Van Devender 1973, 

1977; Betancourt and Van Devender 1981; Van Devender and 

Spaulding 1979; Van Devender and Wiseman 1977; Van Devender et 

ale 1984), only low frequency information can be obtained from 

this source. Packrat midden analysts have failed to recognize 

that different kinds of information are contained in low and 

high frequency paleoenvironmental data sources. Moreover, 

they have concluded that either type of information can be 

viewed equivalent for characterizing past environment (e.g., 

contrast the view of Betancourt and Van Devender 1981 who 

infer a virtual absence of climatic influence on past human 

behavior with Euler et ale 1979 who view climatic impacts on 
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past behavior as highly significant). 

As previously noted, high frequency variations in past 

environment can be masked in low frequency data sources. 

Packrat midden data is a low frequency data source, because 

dating can only be in probabilistic time-ranges. As a result, 

the data source does not even contain a record of the kinds of 

high frequency climatic events likely impacting past human 

populations on the plateaus. Furthermore, packrat midden data 

cannot be used to isolate times when low and high frequency 

climatic variations coincided. Such a data source thus 

affords little perspective for understanding how such events 

could have affected past human behavior. Unfortunately, it is 

inappropriate to use an information source that tracks 

environment along one frequency domain for insight into the 

complete nature of past climate. Given the various cycles of 

variation Holocene cl~mate has been subject to (Hare 1979; 

Denton and Karlen 1973; Kutzbach and Bryson 1974), data 

sources that enable one to track climate along multiple 

frequency domains are required. 

In another context, it is important to note that packrat 

midden analyst's are unclear about the geographic scales of 

reference applicable to their data (Betancourt and Van 

Devender 1981). For example, they argue that, in essence, 

paleoenvironmental information from packrat deposits in one 

location can be used to infer environmental conditions for all 
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of the plateaus (Betancourt and Van Devender 1981). In this 

instance, however, it should be clear that the geographic 

scale of reference is inappropriate. 

Alternatively, if the geographic scale of reference was 

appropriate, one should then seriously question why the 

Anasazi behavioral model requires the acquisition of 

paleoenvironmental data from numerous geographic locations on 

the plateaus (Dean 1988b; Karlstrom 1988; Hevly 1988). These 

researchers have pursued this end because, unlike others, they 

recognize the numerous factors that can introduce nonclimatic 

and nonenvironmental noise into chronologies. Moreover, these 

researchers also understand that the only way to minimize 

extraneous information in a chronology (as well as to minimize 

aberrant noise) is by acquiring data from as broad a 

geographic region as possible. Finally, these researchers 

recognize that by acquiring environmental data relevant to 

different frequency domains they are afforded a greater degree 

of control over spatial and temporal variations in past 

environment. Paleoenvironmental researchers, alternatively, 

who construct chronologies with data relevant to limited 

geographic areas run the risk of drawing conclusions about the 

nature of past environment that, when applied to broader 

regions, are spurious. Significant events in past environment 

isolated to particular geographic locales could have had 

little in the way of impact in other locales. As a result, 
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large geographic expanses should be covered in 

paleoenvironmental chronology construction (see Graybill 19B9 

for a good example of characterizing aspects of past climate 

with a view toward understanding these from a regional 

perspective). 

Alluvial Hydrologic Records for the southern 
Colorado Plateaus 

One of the primary low frequency data sources used to 

obtain information about past environment on the southern 

Colorado relates to prehistoric hydrology. More specifically, 

information is extracted from alluvial sequences on the 

plateaus to document the amounts, and kinds, of alluvium 

deposited and eroded in these settings. This kind of 

information is then used to estimate the amount of groundwater 

held in the sediments and potential of streamflow discharge in 

the past. In addition, paleohydrologic data can be used to 

estimate past rainfall. These different lines of information 

can be used to gauge attendant impacts on past human behavior 

(see Karlstrom 198B; Dean et ale 1985). 

E. Antevs (1936, 1941, 1948, 1952, 1953, 1954, 1955a, 

1955b, 1955c) and K. Bryan (1922, 1925, 192Ba, 192Bb, 1940, 

1941, 1950; Albritton and Bryan 1939; Bryan and Albritton 

1943, 1954; Bryan and McConn 1943; Bryan and Toulouse 1943) 

pioneered the stratigraphic analysis of alluvial sequences in 
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the basin, range, desert, and plateau provinces of the 

Southwest to infer epochs when distinctive climatic conditions 

prevailed. Some of the early paleoenvironmental researchers 

working in the Southwest objected to unqualified use of 

radiocarbon dating for establishing temporal sequences for 

distinctive alluvial strata (different strata forming under 

different climatic conditions - see especially Antevs 1962a). 

Today, however, use of the radiocarbon dating method in order 

to establish the periods of time when varying strata formed 

has gained broad acceptance (see especially Haynes 1968). 

Early paleoenvironmental investigators in the Southwest 

dated alluvial sequences isolated in southwestern drainages 

using time-honored techniques of intersection correlation and 

relative dating established and refined in western Europe (see 

Antevs 1962a, 1962b). As a result, many early investigators 

believed the newly discovered radiocarbon method so fraught 

with problems, results should not be trusted. Subsequent 

refinements in the radiocarbon method have, interestingly 

enough, verified many aspects of the early successional 

(depositional) schemes pioneering investigators proposed for 

the Southwest. 

Haynes (1965, 

These researchers were, indeed, using what 

1968) terms the "Southwest's alluvial 

chronology" (e.g., see Karlstrom's 1988:69-70 discussion 

regarding viability in aspects of Hack's 1942 dating for the 

alluvial sequence on the southern Colorado Plateaus using 
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buried archaeological material including dated tree rings 

which corroborates Antevs' 1948 stratigraphic sequence for 

western North America). 

It is important' in a discussion about the plateaus' 

alluvial chronology to underscore one of the basic problems 

early southwestern paleoenvironmental researchers faced in 

using stratigraphic profiles in reconstructing past 

environment. This problem had to do with the early assumptioll 

that all stratigraphic sequences from one area of the 

Southwest, no matter where they carne from, should correlate. 

In elucidating the problems that would emerge from this 

assumption in early paleoenvironmental investigations on the 

plateaus the analytical limits imposed on these chronologies 

can be isolated. At the same time, however, it will help 

underscore the wealth of information available from these 

chronologies. 

Schoenwetter (1960, 1962; but also see Martin et al. 

1961) was one of the first paleoenvironmental researchers to 

champion use of the radiocarbon method for dating alluvial 

soils containing distinctive palynological and botanical 

assemblages. Schoenwetter reasoned that the presence of human 

remains in association with particular kinds of alluvial 

deposits containing unique assemblages of pollen would, once 

the unique depositional characteristics producing a deposit 

and the botanical material contained therein was determined, 
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reveal what the environment was like at the time an area was 

being occupied (see especially Schoenwetter and Dittert 1968). 

Schoenwetter's documentation of pollen sequences derived from 

alluvial deposits in the Southwest afforded him broad 

coverage. Investigations took him into the southern desert 

basins of southeast Arizona (1960), east- central Arizona 

(1962), and later, into northwest New Mexico (Schoenwetter and 

Eddy 1964). Clearly, investigations in this last area became 

influential in corroborative efforts to provide one of the 

first comprehensive overviews concerning the nature of past 

climate and prehistoric human behavior on the southern 

Colorado Plateaus 

Interestingly enough, 

regarding floodplain 

plateaus analytical 

(Schoenwetter and Dittert 1968). 

as more and more data accumulated 

alluviation in drainages across the 

problems emerged that increasingly 

inhibited Schoenwetter from making the kind of assessments he 

sought (i.e., those relevant to past human behavior). In very 

basic terms, interpretive difficulties arose from a simple 

empirical reality. 

During the course of his paleoenvironmental 

investigations in the Southwest Schoenwetter always worked to 

provide interpretations of past environment that went beyond 

mere explanations accounting for environmental conditions 

prevailing when a particular soil form was being deposited in 

a particular setting, or when a unique array of pollen 
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Instead, Schoenwetter always 

used the mechanics involved in alluvial and palynological 

deposition to reconstruct aspects of past environment likely 

influential on human behavior (Schoenwetter 1960, 1962; 

Schoenwetter and Dittert 1968; Schoenwetter and Eddy 1964). 

However, as Schoenwetter's research progressed, it became 

increasingly apparent that often soil forms in one area that 

dated to discrete intervals of time, and containing a unique 

array of pollen types I crossdated with entirely different 

soils in that area that contained distinctive pollen 

assemblages (see Schoenwetter 1966). In other words, it was 

possible to conclude that distinct soil deposits had formed at 

the same time in spite of the fact that their characteristic 

natures argued for deposition when different environmental 

conditions prevailed. For example, while some alluvial strata 

in a study area might indicate deposition when streams were 

aggrading, contemporary strata from nearby could display 

depositional features, and contained pollen spectra, 

indicative of stream downcutting and floodplain erosion. 

Understandably, tPls last finding brought into question 

continued archaeological use of particular soil forms as 

temporal markers in areas of the Southwest where these had 

been relied on. Moreover, such a finding brought into 

question the reliability of inferring aspects of past 

environment on a regional scale by reference to an areas' 

-- - - - ----
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By the mid-1970's Schoenwetter (see 

especially Oldfield and Schoenwetter 1975) himself questioned 

the purpose of providing paleoenvironmental interpretations on 

the basis of the approach he had perfected because he expected 

as soon as new information from a study area became available 

existing assessments would be contradicted. Schoenwetter's 

dilemma would not go unresolved. 

It is not the intent. to discuss the full body of 

geomorphological investigations 

1960's and 1970's to help 

that came to bear in the 

resolve the dilemma in 

paleoenvironmental research just outlined. However, the 

contribution made by one individual should be highlighted. 

Haynes (1965), after surveying alluvial records from 

across western North America, noted that similar depositional 

sequences -- pointing to similarities in past climate -- could 

be seen over much of the West. Haynes thus ignored those 

lines of paleoenvironmental data investigators were using as 

a basis for belief that mechanisms of more synoptic nature 

could not be reconstructed using soil formations in western 

floodplains. Alternatively, Hayes focused on the numerous 

similarities between deposits located in many different places 

across the West, thus stressing that this fact probably had 

far greater scientific import than did the existence of 

discrepancies in the broader pattern observed (1965:592-593). 
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Karlstrom (1988:59-60, see also Karlstrom et al. 1976), 

in his study of ancient hydrologic regimes across the southern 

Colorado Plateaus, emphasizes recognition of the fact that 

conditions existed in the past that variably influenced the 

formation of specific soil types. As a result, he emphasizes 

seeking explanations for the formation of soil facies dating 

to the same intervals of time but, which considered 

individually, suggest deposition under dissimilar 

environmental circumstances. 

In accord with Karlstrom's approach, he has outlined the 

variable conditions influencing deposition, and soil 

formation, in floodplain settings on the plateaus. The 

geomorphological factors most significantly impacting these 

processes include: (1) variations in floodplain elevation and 

topography, (2) horizontal and vertical variations in earlier 

deposited soils, and (3) varying locations where unique 

floodplain features occurred (like cienegas -- where natural 

circumstances converged to promote soil deposition and soil 

formation). 

From a data base collected across a large portion of the 

southern Colorado Plateaus, and based on information from 

numerous locations in single drainages, Karlstrom (1988) has 

shown how pre-existing conditions in floodplain settings 

frequently gave rise to precisely the kinds of contradictory 

depositional environments Schoenwetter inferred on the basis 
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of his paleoenvironmental investigations. Moreover, Karlstrom 

has emphasized the fact that once the geomorphological 

investigator understands the entire paleodrainage complex 

being studied, it is possible to eliminate lines of evidence 

documenting depositional situations that were, indeed, 

aberrant to more pervasive regional patterns. It is obvious 

from Karlstrom' s study of paleohydrology on the southern 

Colorado Plateaus why certain floodplain settings are more 

reliable than others for understanding aspects of past 

environment. In particular, these studies reveal why this is 

true when paleoenvironmental information is desired for a 

broad geographic region area. 

It is important to stress an element critical to both 

Haynes' argument concerning the use of depositional sequences 

from Western North America to document climatic events that 

were synchronous across broad expanses and Karlstrom's 

approach to hydrologic reconstruction for the southern 

Colorado Plateaus. This critical element is the jUdicious use 

of independent techniques to date alluvial deposits and 

surfaces. During the course of his paleoenvironmental 

investigations, Haynes (1965:596-597) quickly recognized how 

important it was to obtain dates not merely from vertically 

stratified soil deposits, but more critically, from "boundary" 

points separating strata (see Karlstrom 1988). The presence 

of numerous dates from the interfaces of overlapping strata 
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thus allows greater temporal control over the episodes when 

one soil type was being deposited and an earlier soil type 

ceased being deposited. Haynes I emphasis on fine-grained" 

dating of successional strata in the Southwest I s alluvial 

chronology is underscored by current investigations on the 

Plateaus. Karlstrom (1983, 1988) has vigorously pursued 

dating the succession of floodplain alluvium across the 

southern Colorado Plateaus. Different deposits have been 

dated, and more importantly "crossdated" , using a variety of 

techniques. Dating techniques used by Karlstrom include: (1) 

radio-carbon dating of organic, or humic, deposits located at 

boundary points between successional strata, (2) tree ring 

dating of tree-germinating episodes on floodplain surfaces, 

and (3) buried prehistoric sites and features independently 

dated in other contexts. The quality of the data base 

regarding past depositional events on the plateaus has, 

especially given increased resolution in dating, yielded more 

detailed information about conditions determining floodplain 

hydrology and deposition in the past. 

It is important to stress the fact that not all alluvial 

profiles on the plateaus contain comparable information about 

past environment. However, as earlier emphasized, the 

presence of uninformative contexts does not diminish the 

reliability of the information coming from "key" floodplain 

locations where natural factors converged to impact soil 
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deposition (see discussion in Karlstrom 1988:59-60). 

It is also important to underscore the fact that 

Karlstrom (1988:51-52, 69-70) has documented close links 

between floodplain deposition on the plateaus and the nature 

of past climate. While other investigators have maintained 

that factors like varying floodplain topographies and 

variations in floodplain vegetation (local edaphic factors) 

limit views regarding the operation of past climate in a 

broader synoptic sense on the basis of alluvial chronologies, 

Karlstrom (1988:51-52) adheres to an alternative view. 

Karlstrom's data base regarding floodplain alluviation on 

the plateaus can be used to support his contention that past 

climate stood as the driving force behind soil deposition in 

this area of the Southwest. In addition, it is clear from 

this base of information that climate was frequently the 

driving force behind specific aspects of soil formation (e.g., 

correlations can be established between episodes of drought 

and floodplain erosion). Karlstrom's contention lends itself 

to easy acceptance when one recognizes the level of agreement 

between the plateaus' alluvial chronology and other 

environmental chronologies for the region (see especially Dean 

et ale 1985; Euler et ale 1979). 

Karlstrom's approach to hydrologic reconstruction on the 

Plateaus proceeds froin specific lines of information about the 

nature of alluvial strata in recorded profiles. As a result, 
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information about the characteristic nature of strata needs to 

be recorded, and these characteristics include: (1) the size 

of the strata (height or depth of separate strata), (2) the 

nature of the soil and other detritus in the strata and the 

strata's structure (also required to determine if material or 

structure of strata varied over time in lieu of observable 

physical characteristics), and (3) whether evidence for post

depositional processes can be seen (e.g., the presence of an 

eroded surface that produced scouring effects on earlier dated 

strata - see Karlstrom 1988:59-63). 

By recording detailed information about the 

characteristic features associated with different alluvial 

strata at numerous drainage points on the plateaus, 

correlations between strata can thus be established. The 

reliability of the temporal associations made like this can 

then be determined using the dating techniques already 

discussed. 

The most salient characteristics of strata recorded 

during stratigraphic mapping of alluvial deposits on the 

plateaus provide information about important aspects of past 

environment including: (1) rising and falling water table 

levels, (2) excessive soil deposition, and (3) soil wasting as 

a result of erosion, or arroyo-cutting (see Karlstrom 1988:51-

54). These aspects of past environment on the plateaus can 

then be used to help characterize different environmental end-
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states prevalent in the past. 

In very basic terms, information regarding the amount of 

water present in the past on the plateaus can be used to 

isolate episodes when streams were aggrading. Such 

information can then be used to reconstruct times when water 

table levels were high, annual precipitation levels were 

relatively high, and annual temperatures remained low enough 

so that evapotranspiration did not dry soils out. Conversely, 

paleo-hydrologic information can be used to establish times 

when streams were confined to their channels. That is to say, 

information can thus be used to isolate episodes when 

drainages on the plateaus were associated with recurrent low 

flow events. Incidentally, it should be noted in this last 

regard that persistence in the last process would, as 

suggested elsewhere (Karlstrom 1988:69-70), result in stream 

channel downcutting and, ultimately, arroyo-cutting. These 

depositional characteristics are products, as Karlstrom 

indicates (1988:69-70), of lowered water table levels given 

significant drops in annual precipitation, or a result of 

significantly increased temperatures for a protracted time. 

When either one of these latter factors prevailed, 

evapotranspiration dried out alluvium to an extent where 

structure became diminished. While mass wasting of exposed 

alluvial soil due to lost structure would, first, lead to a 

cycle of erosion, ultimately, epicycles of arroyo-cutting 
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would ensue as dry conditions persisted (Karlstrom 1988:69-

70) • 

It is important to note that the two different 

paleoenvironmental end-states just identified for the 

plateaus, one characterized by floodplain aggradation and the 

other by floodplain degradation, did not merely alternate over 

time. Instead, these environmental end-state occurred in most 

extreme instances along an otherwise long continuum when 

alluvial conditions were either in transition between one or 

the other end-state, or by periods when extremes were not 

being approached at all. In other words, there were times on 

the plateaus when climatic processes conditioning streamflow 

remained relatively stable and, as a result, floodplains were 

not sUbject to extremes in overbank deposition or extremes in 

erosion and arroyo-cutting (see Dean 1988a:40-41; Dean et al. 

1985; Plog et a1. 1988). 

Palynological Records for the Southern Colorado 
Plateaus 

From the 1960's on a number of pollen-based 

reconstructions of past environment for the southern Colorado 

Plateaus have been proposed (see Hevly 1981 for historical 

review). While pollen samples from archaeological contexts 

were once deemed sufficient for inferring past environment on 

the plateaus (Schoenwetter 1962; Schoenwetter and Dittert 

-- - ------
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1968; Schoenwetter and Eddy 1964), critics were quick to 

underscore problems with such inferences based on pollen data 

solely from archaeological sites. 

The main problem had to do with sampling approaches for 

acquiring archaeological pollen by palynologists (Cully 1979). 

A secondary problem had to do with viewing pollen frequencies 

and pollen taxa percentages as products of static natural 

processes (see especially Kelso 1976). In this latter 

context, it was suggested that varying pollen frequencies and 

ratios of pollen taxa might be linked less to variations in 

past climate than to how past populations had used a site 

(Yarnell 1965) or what happened to a site upon human 

abandonment (Clark 1968; Martin 1963). 

To illustrate this last problem Martin (1963:61) rejected 

Schoenwetter's (1962) view that shifts in the ratio of 

arboreal to nonarboreal pollen in archaeological sites in 

east-central Arizona indicated important shifts in climate. 

Schoenwetter had suggested that changes in the proportions of 

arboreal and nonarboreal pollen in samples from archaeological 

sites signalled not only shifts in the seasonal distribution 

of rainfall in east central Arizona, these also signalled 

differences in the likely intensity of seasonal rains. 

In contradicting Schoenwetter I s climatic argument, Martin 

suggested that these shifts could be due to changes in natural 

pollen deposition at archaeological sites during occupation 
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(abundance of cheno-ams and other disturbance vegetation) as 

opposed to when sites were abandoned (increases in pine and 

other wind dispersed pollens). Martin viewed Schoenwetter's 

evidence for alternating pollen taxa percentages not as 

indicative of climatic change but, rather, the product of a 

change in site use. 

Martin's ( 1963) ins ight into one of the problems in 

interpreting pollen chronologies strictly in climatic terms 

ultimately fostered an environment where geophysical 

researchers working in the Southwest increasingly sought 

modern information about the nature of pollen production and 

distribution throughout different environmental zones (Adam 

1964; Dixon 1962; Hafston 1961; Hevly 1968, 1981; Martin 1963; 

Mehringer 1965; Porter 1957, 1967; Bent and Wright 1963; Byers 

and Martin 1965; Hevly and Martin 1961; Porter and Rowley 

1960; Schoenwetter and Doerschlang 1971; Hevly et ale 1965). 

These studies were specifically designed to isolate the range 

of natural and human-induced factors influencing the three 

major elements that have to be considered in all palynological 

studies: (1) pollen production rates, (2) distribution rates, 

and (3) natural decay rates (see Butzer 1982:177-185; Evans 

1979; Hevly 1981). 

The southwestern-wide palynological studies alluded to 

above revealed the general lack of sensitivity in nonarboreal 

pollens to subtle trends in climate (see especially Hevly et 



54 

al. 1965). However, some of these studies also helped reveal 

how sensitive arboreal pollens were to variations in climate. 

As a result, Hevly (1988) emphasizes the nature of arboreal 

pollen frequencies, and changing ratios within this category 

over time, in chronologies developed for the southern Colorado 

Plateaus. 

In contemporary palynological studies on the plateaus 

four different contexts are used: (1) lacustrine features 

(fossil lakes or bogs), (2) caves, (3) alluvial deposits 

adjacent major waterways, and (4) archaeological sediments. 

The last context is only used when disturbances resulting from 

human use of sites (that is to say, nonclimatic disturbances) 

can be minimized (see discussions in Hevly 1988:97-99; Dean et 

ale 1985:541). 

While it is still considered appropriate to use pollen 

from archaeological sites to supplement information obtained 

from deposits undisturbed by past human activities, especially 

alluvial and lacustrine settings (Hevly 1981, 1988:107-108; 

Dean et ale 1985:540-541) are considered preferable for 

tracking low frequency variations in past environment. 

Lacustrine-based pollen chronologies for the plateaus are thus 

typically used as the gauge for information coming from other 

pollen sources (Hevly 1988:108). Hevly (1988:108) notes, 

incidentally, that characteristic features seen in pollen 

chronologies from lacustrine sources usually appear in 
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chronologies established using alluvial and archaeological 

sediments. Moreover, sealed archaeological deposits, 

containing independently dated artifacts or dateable tree ring 

specimens, can thus produce pollen samples that can be 

assigned to shorter temporal intervals than achievable using 

radiocarbon dating; the method most commonly used for 

assigning temporal sequences to lacustrine- and alluvial-based 

chronologies. As a result, high frequency paleoenvironmental 

information often can be obtained using pollen chronologies 

from archaeological sites. 

In terms of contemporary palynological analysis directed 

at isolating paleoenvironmental conditions on the plateaus it 

is important to note that palynologists now emphasize strict 

focus on pollen frequencies and ratios from plant types most 

sensitive to the kinds of environmental conditions being 

investigated. For example, by studying changing ratios of 

pollen from plant types sensitive to particular disturbances 

in the environment it is possible to generate information 

relevant to: (1) changing environmental circumstances due to 

volcanism or alterations in drainage patterns and water 

tables, (2) biotic disturbances due to human exploitation or 

pest infestation, (3) both low and high frequency variations 

in past climate (Hevly 1981:40, 1988). 

with reference climatic information about the past, at 

least in Hevly's studies (see especially 1981, 1988:99, 108-
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111), analysis is strictly focused on plant pollens that are: 

(a) from plant types occurring in such abundance on the 

plateaus in the past that pollen frequencies only minimally 

reflect environmental disturbance by human occupations, and 

(b) from plant types known to be sensitive to variations in 

climate (e.g., coniferous trees). Finally, it should be 

underscored that Hevly views the basis for most temporal 

variations in pollen chronologies on the plateaus critically 

linked to variations in past climate (see especially 1988:99). 

Hevly's conviction that past climate on the plateaus 

significantly conditioned the composition of plant communities 

here in the past makes it feasible to compare the results of 

palynological studies with those information from hydrologic 

data sources. In addition, it is also feasible to compare 

palynological results with information from climate-sensitive 

tree ring chronologies. 



High Frequency Paleoenvironmental Data for the 
Southern Plateaus: Tree Ring Chronologies 
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More will be said about the value of tree ring 

chronologies for providing information about past environment 

in the Southwest in the next chapter. Here, it is important 

to emphasize the strict use of climate-sensitive tree ring 

chronologies by dendroclimatologists on the southern Colorado 

Plateaus. Second, it is important to underscore the extreme 

sensitivity of properly treated tree ring chronologies to 

variations in past climate. 

During the 1970's researchers at the Laboratory of Tree 

Ring Research (Dean and Robinson 1977, 1978; Robinson and Dean 

1969) completed two important paleoclimatic projects. As a 

result, tree ring specimens from archaeological sites and from 

nearby stands of long-lived conifers, were used to establish 

a network of twenty-three tree ring chronologies. The main 

reason for establishing this network was to provide 

southwestern archaeologists with high quality information 

regarding past climate (see Dean and Robinson 1978). 

Information about past climate based on the Laboratory's 

paleoclimatic network was first used to produce a series of 

contour maps of decade departures of tree growth. Based on 

the strong climate signal known to characterize southwestern 

conifers, departures are thus viewed reflecting variability in 

temperature and precipitation for a number of southwestern 
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areas between A.D. 680 and 1970 (Dean and Robinson 1977; see 

also Dean and Robinson 1982; Robinson and Dean 1969). 

Following standard dendroclimatic techniques (Fritts 1976; 

Fritts et ale 1971) the network was later used to estimate 

instrumented measures of past rainfall and summer drought in 

north-central New Mexico (Rose et ale 1981) and the southern 

Colorado Plateaus (Rose et ale 1982). 

Information regarding past climate derived from the 

Laboratory's network has also been used to better understand 

how climate might have influenced prehistoric settlement and 

SUbsistence behavior in many locations of the Southwest (Berry 

1982; Burns 1983, but also see Burns and Robinson 1972; 

Cordell 1972, 1975, 1979, 1981; Dean and Robinson 1982; Dean 

et a1. 1978, 1985; Euler et ale 1979; Jorde 1977; Minnis 1981, 

1985; Petersen 1985; F. P10g 1983, 1986; Wiseman 1982; Zubrow 

1969, 1974). More recently, quantitative estimates of past 

streamflow for the Salt and Verde Rivers in east central and 

southern Arizona were produced using information from the 

Laboratory's network (Graybill 1989). 

This last endeavor not only produced high quality 

information about past environment in an important 

archaeological region, it also helped explain temporal and 

spatial variations in past settlement and subsistence behavior 

in a manner unimaginable before paleo-streamflow estimates 

were produced (see Nials et ale 1989). 
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with regard to the extent to which tree ring chronologies 

provide information about past variations in environment, the 

following point should be stressed. While tree ring 

chronologies are characteristically viewed as indicators of 

high frequency variations in past environment they really 

constitute indicators of past environment over a range of 

frequency domains. As a result, tree ring variation in high 

frequency domains point to environmental change persisting 

over a single year or a somewhat longer interval (up to about 

10 years). Tree ring variations in low frequency domains, 

alternatively, point to environmental change persisted 

anywhere from about 30 years to over a century. If one 

examines the tree ring chronology most recently produced for 

the southern Colorado Plateaus (Dean 1988a; Dean et al. 1985) 

one sees that both low and high frequency domains are 

displayed. Suffice it to say that tree rings contain 

information about variations in past environment relevant to 

both high and low frequency domains. 

In summary, three kinds of paleoenvironmental data are 

used for understanding the nature of past environment on the 

southern Colorado Plateaus. These data include 

paleohydrologic chronologies, pollen chronologies, and 

prehistoric tree ring chronologies. While each of these data 

sources can be seen providing information about different 

aspects of past environment on the plateaus -- paleohydrologic 
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information relates to low frequency variations over time, 

pollen information relates to both low and high frequency 

variations but, more often than not to the former, and tree 

ring chronologies relate to both high and low frequency 

variations in past environment. In turn, all three data 

sources are viewed as complementary due to shared exposure to 

the same aspects of past climate. 

In closing it is important to stress the fact that the 

prehistoric tree ring chronology for the southern Colorado 

Plateaus stands as the basis for comparison with other 

paleoenvironmental chronologies. In spite of the fact that 

paleoenvironmental work within this part of the Greater 

Southwest has possessed an unparalleled multidisciplinary 

nature, the tree ring chronology for the Plateaus remains the 

foundation for most of this work (see Dean 1988a). 



61 

Chapter 4 

A Test of the Behavioral Model in New Mexico 

In order to gauge the applicability of the Anasazi 

behavioral model to an area of the Southwest other than the 

southern Colorado Plateaus a new strategy was developed. The 

objective was to determine the utility of this model for 

understanding certain forms of past human behavior in the 

mountains of southwest and west central New Mexico. The areas 

selected for hypothesis testing include the Mimbres area 

(Graybill 1973; Haury 1936, 1986; LeBlanc 1976, 1977, 1980, 

1983, 1986; Lekson 1984, 1986a, 1986b, 1988, 1990; Anyon and 

LeBlanc 1984; LeBlanc and Whalen 1980) and the Pinelawn

Reserve area (Danson 1957; Martin 1979; Martin and Rinaldo 

1940, 1947, 1950a, 1950bj Martin et al. 1949, 1952, 1954, 

1956, 1957; Bluhm 1957, 1960). The absence, however, of 

hydrological and palynological records for either one of these 

areas ~quivalent to what is available for the plateaus left 

little option but to focus on the one high quality 

paleoenvironmental data source available. It was thus decided 

to use prehistoric tree ring chronologies from the Mimbres and 

Pinelawn-Reserve areas to identify periods likely associated 

with environmental stress as well as identify periods not 

associated with environmental stress. These chronologies were 

deliberately constructed to be sensitive to past variations in 
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climate. Combined with an index for measuring North American 

drought, they can be used to estimate episodes of past 

drought, as well as episodes not associated with drought. The 

timing in such episodes can then be examined using 

archaeological records for these two areas to determine the 

applicability of the model outlined in Dean et ale (1985). 

For the purposes outlined above I decided to produce tree 

ring based summer drought estimates for two prehistoric 

Mogollon areas, the Mimbres area and the Pinelawn-Reserve 

area. These two Mogollon areas were selected for production 

of summer drought estimates for several reasons. First, these 

are two of the most complete chronologies from the prehistoric 

Mogollon region in New Mexico (see Dean and Robinson 1978). 

Second, both chronologies display sufficient sample size depth 

for singular years that outlier values, or other types of 

erroneous information due to small sample sizes, are avoided. 

Finally, these two Mogollon areas were selected because of the 

relatively abundant information now available about the 

prehistory of these areas. 

Instrumented measures of past climate were produced for 

the two areas just noted, and both of these areas are 

represented in the Tree Ring Laboratory's paleoclimatic 

network. Figure 4.1 shows the location of all stations 
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Figure 4.1 
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Tree ring stations currently in the 
Paleoclimate Network Established by the 
Laboratory of Tree Ring Research in Tucson, 
Arizona. 
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currently in the network, and Table 4.1 lists locations. 

The time periods covered by station chronologies are shown 

in Table 4.1. To establish a data base for generating 

estimates of past climate, dated tree ring specimens from 

prehistoric sites were averaged to produce regional climate

sensitive chronologies following criteria previously outlined 

(Dean and Robinson 1977:3-6, 1978:2-4, 1982:47-49). Figure 

4.2 shows the archaeological regions selected for study 

(Laboratory of Tree Ring Research Archaeological Quads for New 

Mexico Sand Z - see Bannister et ale 1970). Archaeological 

sites containing dated tree ring specimens used to produce 

regional chronologies are outlined in Appendix A. More detail 

regarding how prehistoric summer drought estimates were 

produced in accord with calibration and verification 

procedures in dendroclimatology -- can be found in Appendix A. 

To gauge the impact of drought on prehistoric Mogollon 

groups residing in the mountains of southwest and west

central New Mexico climate-sensitive chronologies for the 

Mimbres and Pinelawn-Reserve areas were transformed into 

estimates of July P.D.S.I. (Palmer Drought severity Index 

measures - Palmer 1965; also see Karl 1983, Karl and Koscielny 

1982). Table 4.2 shows Palmer's drought severity scale, with 

droughts conditions of more or less severity described in 

negative and positive terms. 
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Table 4.1 Archaeological and Living Tree Chronologies 
in the Tree Ring Laboratory's Paleoclimate 
Network. 

Archaeological Chronology Living Tree Chronology 

Number Name 

1 Natural Bridges 
2 Navajo Mtn. 
3 Tsegi Canyon 

4 

5 
6 

7 

8 
9 

10 

Coconino 
Plateau 

Flagstaff 
Central Mtns. 

North 
Central Mtns. 

South 
Hopi Mesas 
Puerco Valley 

Canyon de Chelly 

11 Mesa Verde 
12 Chuska Valley 
13 Cibola 
14 Quemado 
15 Cebolleta Mesa 
16 Chaco Canyon 
17 Gobernador 
18 Jemez Mtns. 
19 Chama Valley 

20 Rio Grande No. 
21 Santa Fe 
22 Chupadero Mesa 
23 Durango 
24 Reserve 
25 Little 

Colorado 

Years A.D. 

94-1449 
340-1271 
381-1284 

610-1124 
570-1310 

965-1381 

1096-1385 
500-1770 
426-1283 

1-1316 

480-1276 
532-1263 
435-1900 
441-1282 
680-1885 
660-1127 
623-1751 
598-1864 
759-1834 

1104-1916 
878-1930 

1294-1648 
34-1089 

578-1286 

916-1345 

Name 

Kane Springs 
Navajo Mtn. 
Betatakin 

Canyon 

Years A.D. 

1445-1971 
1469-1971 

1263-1972 

Red Butte 1448-1975 
Medicine valley 1309-1972 

Showlow 1596-1972 

Grasshopper 1642-1971 
Dinnebito 1470-1971 
Defiance 
Plateau 1512-1972 

Canyon de Chelly 1376-1971 

Bobcat Canyon 
Washington Pass 
Turkey Springs 
Agua Fria Creek 
Cebolleta Mesa 
Satan Pass 
Pueblito Canyon 
Paliza Canyon 
Echo 
Amphitheatre 

El Valle 
Glorieta Mesa 
Tajique Canyon 
Ditch Canyon 
Rainy Mesa 
Hay Hollow 
Valley 

1200-1971 
1599-1976 
1595-1972 
1490-1972 
1662-1972 
1381-1972 
1594-1971 
1658-1972 

1362-1972 
1708-1972 
1556-1972 
1656-1972 
1330-1971 
1520-1967 

1687-1973 



Figure 4.2 Grid of the North American Southwest used by 
Laboratory of Tree Ring Research Personnel for 
Organizing Archaeological and Living Tree 
Chronologies. 
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Table 4.2 Palmer Drought Severity Index (P.D.S.I.) Values 
and Climatic Consequences. 

Index Value Range Climatic Consequences 

4.0 to > 4.0 Extremely Wet 

3.0 to 3.9 Very Wet 

2.0 to 2.9 Moderately Wet 

1.0 to 1.9 Slightly Wet 

0.5 to .99 Incipient Wet Spell 

.49 to - .49 Near Normal 

-.50 to - .99 Incipient Drought 

-1.0 to -1. 99 Mild Drought 

-2.0 to -2.99 Moderate Drought 

-3.0 to -3.99 Severe Drought 

-4.0 to <-4.0 Extreme Drought 



Next, the most extreme estimates were selected. 

Methodological Considerations for Developing July 
P.D.S.I. Estimates 

68 

Previous dendroclimatic studies have shown that P.D.S.I. 

estimates for the month of July can be reliably established 

using continuously dated tree ring chronologies developed for 

stands of long-living conifers (Cook and Jacoby 1977; Mitchell 

et ale 1979; Stockton and Meko 1975, 1983). During the course 

of investigations it was decided to generate July P.D.S.I. 

estimates following a series of simple correlations between 

the modern segments of two tree ring chronologies and two 

overlapping summer P.D.S.I. series (May through July). The 

highest correlations were between the July P.D.S.I. values and 

their tree ring counterparts. A rationale for using July 

drought estimates to aid in archaeological interpretation 

existed above and beyond the mathematical rationale. July is 

the month when the Southwest summer monsoon season 

characteristically begins (Bryson 1957; Hales 1974; Jameson 

1969; Bryson and Lowry 1955; Sellers and Hill 1974; Tuan et 

al. 1973). It was thus decided that prehistoric July P.D.S.I. 

estimates would provide a relatively good measure of the 

amount of water available at a time of the year when maize 

entered a growth stage critical to overall productive success. 

Studies show that if the maize plant does not receive adequate 
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moisture by the time it enters its' fertilization cycle (45-60 

days after planting in most modern varieties), chances 

increase that the plant will dwarf. Under relative drought 

conditions, when reduced plant biomass results, maize can be 

rendered less than productive in terms of its' overall seed 

crop (Arnon 1972:15-21; Classen and Shaw 1970; Shaw 1977a, 

1977b:128; Robins and Domingo 1953). Moreover, under such 

conditions, the plant can die. It was therefore reasoned that 

July P.D.S.I. estimates would provide a relative indicator of 

the amount of water available to maize during past growing 

seasons in the two Mogollon areas selected for study. 

It is important to note that mere tree ring index based 

rainfall estimates for July, or rainfall estimates for an 

entire summer season, would not fulfill the same function as 

summer drought estimates. Despite the fact that many areas in 

the central portion of the Greater Southwest receive 

consistently high rainfall during the summer monsoon season 

(McDonald 1956, 1960), much of this moisture may be 

insufficient to offset the development of summer drought 

conditions. The development of summer drought depends in part 

on how dry it was before the onset of the summer rainy season 

(see discussions in Bryson 1957:4; Sellers 1960:83; Sellers 

and Hill 1974:8-9), as well as on current summer temperatures. 

As a result, the absolute amount of rain an area received in 

the past would not indicate how "effective" this rainfall was 
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when it came to the plant productivity. It may have been 

highly effective as long as the soils retained sufficient 

moisture from rainfall during previous months to complement 

the moisture delivered by summer. Conversely, summer rainfall 

may not have been effective if soils became significantly 

dried out during preceding months. Fortunately Palmer's 

(1965) drought severity index takes into account the relative 

amount of water available to soils in months immediately 

preceding the "target" month. As a result, July P. D. S. 1. 

estimates can be used to determine how effective rainfall 

would have been during anyone month. Given that Palmer's 

index incorporates information about how dry, or wet, an area 

was before a target month, it is thought to provide a 

qualitative measure of the potential success of agriculture 

during different intervals of time based on: (I) the amount 

of water that remained available in the ground before the 

summer rainy season began and, (2 ) the amount of water 

available for agricultural uses at the outset of the Southwest 

summer rainy season. 

The following procedures were used to develop July 

P.D.S.I. estimates for the two sets of prehistoric tree ring 

chronologies from New Mexico. First, yearly tree ring 

measures associated with long-lived tree ring chronologies for 

both areas (established using singular stands of pinyon pine 

from both areas) were calibrated with actual July P.D.S.I. 
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values for the modern era. Both tree ring and July P.D.S.I. 

calibration data sets date to the period between 1917 and 

1972. Simple linear regression was then used in the 

calibration procedure, though more complex regression 

approaches have been used in dendroclimatic investigations 

(Fritts 1960, 1962, 1976:312-433; Fritts et ale 1971, 1979; 

Graybill 1989; Rose et ale 1981). By calibrating the modern 

tree ring measures with actual July P.D.S.I. values, transfer 

functions were then developed using standardized approaches in 

dendroclimatic research (Fritts 1976:412-415; Fritts et ale 

1971; Gray 1982; Graybill 1989; Lofgren and Hunt 1982; Rose et 

ale 1981:68-78). The transfer functions were then used to 

estimate July P.D.S.I. values for each year represented in 

both prehistoric tree ring chronologies. 

Before undertaking any of the steps outlined above, all 

modern and prehistoric tree ring chronologies, along with July 

P.D.S.I. values for the modern era, were tested for 

significant autocorrelation. All tree ring chronologies were 

determined to exhibit significant autocorrelation. 

Alternatively, July P.D.S.I. series exhibited autocorrelation, 

but percentages were not considered significant. All tree 

ring chronologies were then ARMA modeled according to 

standardized procedures (Box and Jenkins (1976, but also see 

Graybill 1989; Hoff 1983; Meko 1981; Monserud 1986; Morrison 

1976:228-251; McCleary and Hay 1980; Wonnocott and Wonnocott 
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1981). Statistically significant autocorrelation was removed 

from tree ring chronologies with standard Box-Jenkins (1976) 

protocol. The July P.D.S.I. expressed significant 

autocorrelation but similar treatment was deemed unwarrented 

(see Appendix A). Next, transfer functions were developed 

using the modified tree ring chronologies and July P.D.S.I. 

index values. The statistical reliability of the transfer 

functions was tested using characteristic verification 

procedures in dendroclimatology (Fritts 1976:405-407; Fritts 

et ale 1971; Graybill 1989; Gordon 1982; Rose et ale 1981:79-

89). Details of the verification procedures and the 

verification results are found in Appendix A. This appendix 

also explains the calibration, verification, and estimation 

procedure used. 

Once July P.D.S.I. estimates were established for all 

years represented in prehistoric tree ring chronologies from 

New Mexico, only those estimates equal to, or less than, 

-.50 were selected for closer examination. This range was 

selected for closer scrutiny because Palmer (1965) indicated 

that the -.50 value represented the initial manifestation of 

drought in most regions of North America. Increasingly lower 

negative July P.D.S.I. values represent increasingly severe 
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conditions. The years associated with drought estimates in 

the lower range just defined are shown in Table 4.3. 

The information provided in the Table 4.3 reveals the 

frequency of severe prehistoric summer drought in both New 

Mexico areas. The data for summer drought were treated in the 

manner just described in order to define persistent summer 

drought intervals for both prehistoric areas during the 

intervals of time represented. In order to define times of 

persistent summer drought information concerning summer 

drought severity during specific years was thus ignored. 

"Persistent summer drought interval" refers to the regularity 

in the development of drought conditions, or to the 

persistence in their development (see Dean et ale 1985:541-

542), during consecutive summers over discrete or more 

protracted periods of time (see Kerr 1982, Kraus 1977; 

Kanarnitsu and Krishnarnurti 1978, Narnias 1979; Narnias and Cayan 

1981 for information regarding the kinds of worldwide 

atmospheric circumstances that give rise to persistent summer

time drought conditions in sub- to mid-tropical latitudes; 

see Bradley 1976, Sellers 1960, 1968, and Sellers and Hill 

1974 for discussions of drought in the American Southwest 

during the modern era. 
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Table 4.3 Episodes of Protracted (3 and 3+ Years) Back-to 
Back Summer Drought in the Mimbres and Pinelawn
Reserve Areas during the Prehistoric Era. 

Mimbres 

586-588 
609-612 
625-627 
704-706 
717-719 
741-743 
759-761 
807-810 
855-857 
881-884 
890-892 
952-955 
969-972 
990-993 
998-1003 

1073-1075 

Pinelawn-Reserve 

602-606 
608-611 
613-615 
630-632 
644-648 
660-666 
698-707 
720-725 
741-743 
785-788 
816-818 
823-825 
835-837 
845-847 
865-868 
877-879 
882-885 
887-889 
900-903 
905-907 
909-914 
920-924 
979-981 
995-997 

1034-1044 
1110-1114 
1129-1131 
1146-1150 
1203-1206 
1214-1217 
1220-1222 
1250-1258 
1260-1262 
1268-1270 
1276-1278 
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The reasoning behind selecting only those drought 

estimates in the most severe range emanated from a specific 

theoretical perspective. According to this perspective, while 

summer drought conditions during anyone summer, in either New 

Mexico area, could have been severe (in terms of Palmer's 

scale), the ultimate impact may have been variable. 

Prehistoric subsistence failures in anyone year would have 

been significantly ameliorated if summer drought conditions 

were preceded or followed by surruners that did not attain 

drought status. Conversely, periods associated with 

persistent summer drought conditions (protracted summer 

droughts, year after year) would have forced prehistoric 

populations to invoke broader and broader elements of their 

material and cultural environments to survive. Justification 

for this line of thinking in relation to human responses to 

environmental conditions impacting food production can be 

found in numerous places (Burns 1983, especially see pp. 223-

226; Braudel 1981:51; Colson 1979; Dean 1988a; Dirks 1980; 

Downs 1965; Hassig 1981; Jorde 1977; Lees 1974; Waddell 1975; 

Braun and Plog 1982:506; Dean et al. 1985:540-544; Fritts et 

al. 1965a). 

A second reason existed for selecting only those drought 

indices that fell into the most severe ranges. This 

particular data selection strategy was used not only to 

identify times likely associated with environmental stress, 
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but also to isolate times when these conditions did not 

prevail. Previous Table 4.3 shows the times of most severe 

environmental stress in both study areas due to drought. 

However, it is important to note that the Anasazi Behavioral 

model does not confine itself to interpretation strictly 

contingent on environmental stress. Within the context of the 

model it is also acknowledged that modifications in 

prehistoric adaptive strategies likely occurred when the 

environment was promoting human occupation and exploitation of 

any arid Southwestern region. The distinction between 

stressful environmental conditions and nonstressful conditions 

reflects a certain utility because nonstressful environmental 

conditions did occur in both of the study areas covered here. 

Assessing the Spatial Applicability of the July 
P.D.S.I. Estimates 

Before characterizing prehistoric summer drought in the 

two study areas, something should be said about the spatial 

applicability of these estimates. In developing transfer 

functions based on long-lived tree ring chronologies and 

corresponding July P.D.S.I. values, efforts were directed at 

developing functions that would eventually permit the 

generation of "regionalized" P.D.S.I. estimates. That is, 

July P.D.S.I. values from several stations in west central and 

southwestern New Mexico dating to the 1917-1977 period were 
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averaged together. These averaged values were then calibrated 

with contemporary segments of tree ring chronologies. 

This calibration strategy was chosen for one reason. 

Previous dendroclimatic studies have shown that stronger 

"climate-signals" can often be portrayed by calibrating a tree 

ring chronology from a circumscribed geographic area with a 

climate variable relevant to a broader geographic space (see 

discussion in Fritts et al. 1979:19-20). This procedure 

ensures that more of the overall variability of regional 

climate is incorporated in transfer function development. 

Thus, more of the variability in climate that impacted the 

region of interest can be estimated using a tree ring 

chronology from a smaller area. 

As a result of the calibration strategy selected, the 

prehistoric July P.D.S.I. estimates should be considered 

applicable to archaeological interpretation over broader areas 

than just the Mimbres Valley or the Pinelawn Valley. 

Restricting the relevance of these estimates to only two small 

areas within broader prehistoric regions would, it is thought, 

reinforce the misconception in archaeological interpretation 

that tree ring chronologies from single archaeological sites 

cannot be used to illuminate environmental variations 

(including climatic ones) across broader geographic regions 

(Berman 1979:37). When a site's tree ring chronology is 

examined by itself, it would not be advisable to generalize 
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about past regional climate. However, prehistoric tree ring 

specimens from a prehistoric site do reflect -- albeit to 

varying degrees climate that impacting the broader 

geographic region the site was in. In order to enhance the 

regional climate signal present in archaeological tree ring 

chronologies, one can average the measures from numerous 

crossdated tree ring specimens from sites in a circumscribed 

region - following a strategy used by dendroclimatologists 

since Schulman's time (1938, 1956; Dean and Robinson 1977, 

1978, 1982; Robinson and Dean 1969; Dean et al. 1985; Euler et 

al. 1979; Fritts et al. 1965a; Plog et al. 1988) • 

Alternatively, one can enhance an area's prehistoric tree ring 

climate-signal by developing mathematical transfer functions 

based on long-lived tree ring series and corresponding 

instrumented measures of climate from a broad geographic 

region (Graybill 1989; Rose et al. 1981). The transfer 

functions developed in this way can then be used, permitted 

statistical reliability can be verified, to establish 

estimates for the particular climate variable selected for 

estimation. 

The last approach is used in this study. As a result, 

the prehistoric surr~er drought estimates should be seen as 

applicable to broader geographic areas than the immediate 

archaeological localities producing the different data sets. 

Moreover, the estimates are considered applicable, 
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respectively, to those geographic regions encompassed by the 

Laboratory of Tree Ring Research quadrangles Sand Z 

(Bannister et al. 1970). 

There is a final qualification concerning how the drought 

estimates should be viewed in archaeological interpretation. 

Since the drought estimates actually represent regionalized 

estimates of past climate, they will probably be of little use 

in evaluating the archaeological record for a single site. 

Since the prehistoric drought estimates were developed as 

regional indicators of summer drought, like the climate 

indicators developed using other regionalized prehistoric tree 

ring chronologies (Dean et al. 1985; Euler et al. 1979; 

Graybill 1989; Rose et al. 1981), these estimates should be 

viewed as relevant to the kinds of archaeological questions 

concerned with the nature of past human responses to 

environmental variations manifested over a relatively broad 

geographic expanse or over a long temporal sequence. Dean et 

al. (1985:546-549) have clearly identified the kinds of 

prehistoric adaptive responses being referred to here, and it 

is important to note that most, if not all, of these responses 

can be seen in operation throughout the mountains of southwest 

and west-central New Mexico. 



The Nature of Summer Drought in the Mimbres and 
Pinelawn-Reserve Areas 
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In plotting out the years associated with prehistoric 

summer drought in the study areas, two things became readily 

apparent. First, summer drought arose more regularly in the 

Pinelawn-Reserve area than in the Mimbres area. Second, there 

were more intervals of three, and more, consecutive years of 

drought in the latter area than in the former. For the 

Pinelawn-Reserve area, summer drought frequencies and 

consecutive summer drought intervals stand in sharp contrast 

to the drought situation in the Mimbres area. 

Summer droughts did arise in the Mimbres area during the 

prehistoric era. However, the overall frequency of drought 

tended to be substantially lower than in the Pinelawn-Reserve 

area. Moreover, the tendency for consecutive (back-to-back) 

summer drought intervals lasting three or more years to 

develop in the Pinelawn-Reserve area was notoapparent in the 

Mimbres area. The contrasting drought situations are best 

illustrated in Figure 4.3. Also shown here are the 

frequencies of non-drought years characterizing the different 

centuries that records were available for. All of the years 

associated with drought are shown in Tables 4.4 and 4.5. 

Treatment of the severe 

drought index data for both areas in this way helped isolate 

the low frequency variation in summer drought over time. 
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for the Mimbres and Pine lawn-Reserve Areas ( x
axis s hows years; y-axis shows percentages of 
back- t o-hack drought intervals for each century of 
record). 



Table 4.4 Back-to-back summer drought intervals for the 
Mimbres Area illustrated in Figure 4.3. 

500s 600s 7005 8005 

542-543 ( 2 ) 609-612 ( 4 ) 704-706 (3 ) 807-810 
553-554 (2) 622-623 ( 2) 717-719 (3 ) 836-837 
560-561 (2) 625-627 ( 3) 722-723 (2 ) 839-840 
586-588 ( 3 ) 629-630 ( 2 ) 741-743 (3 ) 846-847 

644-645 ( 2 ) 750-751 (2 ) 855-857 
662-663 ( 2 ) 759-761 (3 ) 867-868 
680-681 ( 2 ) 764-765 (2 ) 881-884 

773-774 (2 ) 890-892 
790-791 ( 2 ) 
793-794 (2 ) 

900s 1000s 

900-901 ( 2 ) 1009-1010 ( 2) 
906-907 ( 2 ) 1013-1014 ( 2 ) 
929-930 ( 2 ) 1017-1018 ( 2) 
934-935 ( 2 ) 1035-1036 ( 2 ) 
952-955 ( 4 ) 1041-1042 ( 2 ) 
969-972 ( 4 ) 1066-1067 ( 2) 
980-981 (2) 1073-1075 ( 3 ) 
990-993 ( 4 ) 1085-1086 ( 2 ) 

998-1003 (6) 1090-1091 ( 2) 

82 

( 4 ) 
(2) 
(2) 
(2 ) 
( 3) 
(2) 
( 4 ) 
(3 ) 
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Table 4.5 Back-to-back sununer drought intervals for the 
Pinelawn-Reserve area illustrated in Figure 4.3. 

500s 600s 700s 800s 

590-591 (2 ) 602-606 (5) 711-712 (2 ) 816-818 ( 3 ) 
598-599 (2 ) 608-611 ( 4 ) 717-718 (2 ) 823-825 (3 ) 
613-615 (3 ) 720-725 ( 6 ) 835-837 (3 ) 
619-620 (2 ) 738-739 ( 2 ) 839-840 ( 2 ) 
625-626 (2 ) 741-743 (3) 845-847 (3 ) 
630-632 (3 ) 750-751 (2 ) 849-851 ( 3 ) 
634-635 ( 2 ) 756-757 ( 2 ) 865-868 ( 4 ) 
637-638 (2 ) 759-760 ( 2 ) 874-875 ( 2 ) 
644-648 ( 5 ) 764-765 ( 2 ) 877-879 (3 ) 

650-651 ( 2 ) 769-770 ( 2 ) 882-885 ( 4 ) 
660-666 ( 7 ) 773-774 (2 ) 887-889 ( 3 ) 
677-678 (2 ) 778-779 ( 2 ) 
680-681 (2 ) 785-788 ( 4 ) 
685-686 (2 ) 794-795 ( 2 ) 
698-707 (10) 798-799 ( 2 ) 

900s 1000s 1100s 1200s 

900-903 ( 4 ) 1001-1002 (2) 1107-1108 ( 2 ) 1203-1206 (4) 
905-907 (3 ) 1004-1005 (2 ) 1110-1114 (5 ) 1214-1217 ( 4 ) 
909-914 ( 6 ) 1013-1014 ( 2 ) 1119-1120 (2 ) 1220-1222 (3) 
920-924 (5) 1034-1044 (11 ) 1129-1131 (3 ) 1226-1227 (2) 
926-927 ( 2 ) 1080-1081 ( 2 ) 1133-1134 (2) 1250-1258 (9) 
934-935 ( 2 ) 1099-1100 ( 2 ) 1146-1150 (5) 1260-1262 (3) 
950-951 (2) 1168-1169 (2) 1268-1270 (3) 
957-958 (2) 1174-1175 (2) 1276-1278 (3) 
963-964 (2) 1185-1186 (2) 1282-1283 (2) 
971-972 (2) 1198-1199 (2 ) 1285-1286 (2) 
974-975 (2 ) 
979-981 (3) 
983-984 (2) 
990-991 (2) 
995-997 (3 ) 
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The last set of figures and tables were generated in order to 

examine the classes of consecutive summer drought that 

characterized the different areas during comparable time 

periods. While consecutive drought intervals in higher order 

classes (3+ years) were common from A.D. 600 to A.D. 999 in 

the Pinelawn-Reserve area, higher consecutive intervals were 

uncommon in the Mimbres area until the 10th century (i.e., 

between A.D. 900 and 999). At this time a drought episode 

associated with one of the higher consecutive intervals (6 

years) occurred in the Mimbres area. Except for the 

consecutive drought interval in the Pinelawn-Reserve area 

lasting eleven years during the 11th 

century (i.e., between A.D. 1000 and 1099), the frequency of 

summer drought in the high order classes actually dropped 

below that of the Mimbres area during this century. 

Figure 4.4 provides plots of -.50, and lower, summer 

drought estimates for both prehistoric Mogollon areas when 

consecutive drought intervals are ignored, and the simple 

frequency of summer drought during 100 year time 

periods is emphasized. Interestingly, the plots for this 

particular figure mirror the situation just described using 

consecutive summer drought interval data. 

On the basis of information regarding drought 

frequencies, it is apparent that summer drought arose more 

regularly in the Pinelawn-Reserve area than in the Mimbres. 
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More specifically, drought frequencies in the 

Pinelawn-Reserve area were nearly always twice as ~igh as they 

were in the Mimbres area to the south. During the 11th 

century, however, drought frequencies in the Pinelawn-Reserve 

area became dramatically damped, while drought frequencies 

attained their highest level on record for the Mimbres area. 

Of extreme interest here is the changing 

relationship between drought frequencies in the Pinelawn

Reserve and Mimbres areas. 

Summer drought estimates indicate that only during the 

A.D. 500-599 time period were drought frequencies in the 

Pinelawn-Reserve area below those in the Mimbres. A climax in 

drought frequencies for the Pinelawn-Reserve area took 

place between A.D. 600 and 799. A steady decrease in drought 

frequency characterized the area after A.D. 799, and by the 

11th century, summer drought frequencies reached a record low. 

During this last century, drought frequencies in the Pinelawn

Reserve and Mimbres areas became nearly equivalent. During 

the 11th century, the Mimbres area was also subject to one of 

the most significant consecutive summer drought intervals on 

record. Previous Tables 4 .4 and 4 • 5 show all of the 

persistent summer drought intervals for both archaeological 

areas. 

The information on 100 year drought frequencies after 

the A.D. 1,000's (previous Figure 4.3) is exclusively 
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restricted to the Pinelawn-Reserve area. After this time it 

is apparent that summer drought frequencies in this part of 

the Southwest significantly increased. By the A.D. 1100's in 

the Pinelawn-Reserve area summer drought had increased to 

twice what it had been in the prior century, and if one 

examines shorter drought intervals for this century (previous 

Table 4.3) it will be noted that most of the drought years 

during this century occurred during the second half of the 

century (i.e., after ca. A.D. 1150). As a result of summer 

drought during the latter half of the 12th century, drought 

frequencies doubled over what was attained during the 

preceding 11th century. Duri ng the next century (i. e., during 

the 13th century) summer drought in the Pinelawn-Reserve area 

attained a record-breaking high. 

In summary, tree ring based summer drought estimates for 

the Mimbres and Pinelawn-Reserve areas reveal several 

interesting things about past climate in these two adjacent 

areas of the Southwest. First, there appears to have been a 

gradient in summer drought with, typically, more frequent 

summer drought in the north (in the Pinel~n-Reserve area) 

than in the south (in the Mimbres area). It is also apparent 

in examining the summer drought estimates for these two 

Mogollon areas that while persistent drought intervals, along 

with centuries characterized by nearly half of their years 

associated with summer drought, were common in the Pinelawn-



88 

Reserve area during the prehistoric era, quite the opposite 

pertained in the Mimbres area. Here, at least until the 11th 

century, only about a quarter of the years within a century 

represented summer drought years. Moreover, the proclivity 

seen in the Pinelawn-Reserve area for persistent summer 

drought intervals, many lasting for at least three or four 

years, did not exist in the Mimbres area. 

It will be shown in the final Chapter of this study how 

it is possible to reconcile the different summer drought 

signals reported for the Mimbres and Pinelawn-Reserve areas 

wi th the archaeological records for these areas. More 

importantly, in this last chapter, it will be argued that 

reconciliation between summer drought records and prehistoric 

records becomes most parsimonious when concepts integral to 

the Anasazi behavioral model are employed. 



Chapter 5 

Prehistoric Culture Sequences for the Mimbres and 
Pinelawn-Reserve Mogollon Areas 

Introduction 

89 

In this chapter chronologies and culture histories for 

the Mimbres and Pinelawn-Reserve areas are outlined. This 

information is outlined to establish an archaeological data 

base for evaluating the efficacy of the Anasazi behavior model 

for archaeological interpretation in the Mimbres and Pinelawn-

Reserve areas. This chapter emphasizes prehistoric events in 

southwest and west central New Mexico when sununer drought 

chronologies begin; that is to say, during the mid- to late-

500s. The focus is on archaeological evidence most relevant 

to the major and minor areas of concern associated with the 

Anasazi behavioral model. These areas include intensification 

in agricultural production, upland/lowland settlement shifts, 

population aggregation, population dispersal, and alliance 

networks. 

Table 5.1 provides current chronologies, along with 

phase designations, for both Mogollon areas in New Mexico. 

Researchers in the Mimbres and Pinelawn-Reserve areas have 

refined dating according to new information. Original 

sequences for the Mimbres and Pinelawn-Reserve areas were 

defined, respectively, by Haury (1936; also see discussion 
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Table 5.1 Chronologies and developmental sequences 
for the prehistoric Mimbres and Pinelawn-Reserve 
areas in New Mexico. 

Mimbres Pinelawn-Reserve phase 
Sequence 

A.D. 100/200-550 A.D. 100/200-600/750 Early pithouse 
period 
Cumbre 
Pinelawn 

A.D. 550-750 

A.D. 750-1000 
Pueblo 

A. D. 1000-1150 

(Mogollon Initiation) 

A.D. 600/750-900/1000 Late pithouse 
period 

Georgetown, San 
Francisco, Three 

Circle 
(Mogollon Expansion 
and Differentiation) 

A.D. 900/1000-1150 

A.D. 1150-late 1300s 

Transitional 

(Classic I & II) 
(Mogollon Expansion 
and Differentiation) 

Mogollon Pueblo 
(Classic III) 

(Mogollon Pueblo 
Reorganization) 

*Phase designations (far right) are a combination of 
traditional and more contemporary taxonomic designations, but 
generally follow assessments found in Lekson (1990). Phases 
in parenthesis apply from top to bottom, respectively, to the 
Mimbres and Pinelawn-Reserve areas. 
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in Haury 1986) and by Paul Sidney Martin, working with 

colleagues from the Chicago Museum of Natural History 

(Martin 1943, 1979; Martin and Plog 1973; Martin and Rinaldo 

1940, 1947, 1950a, 1950b; Martin et al. 1949, 1952, 1954, 

1956, 1957). 

Revisions to dating sequences for the Mimbres and 

Pinelawn-Reserve areas were suggested after archaeological 

study subsequent to original outlines. For the Mimbres 

region, in fact, eight different phase sequences have been 

proposed. Stuart and Gauthier (1984:178) enumerate six 

(including Haury 1936, Wheat 1955, Danson 1957, Bullard 1962, 

Graybill 1973, and Anyon et ale 1981), and propose their own. 

Lekson (1990) suggests additional modifications to both the 

Mimbres and Pinelawn-Reserve chronologies. 

Lekson's chronologies for the Mimbres and Pinelawn

Reserve areas are based on absolute dates. Here, chronologies 

are established strictly using absolute dates for bracketed 

intervals. Dean (1978) has underscored the need for adherence 

to independent dates in ordering cultural events in 

southwestern archaeology. Lekson's chronologies were, 

therefore, heavily relied on. 

The temporal and cultural sequence for the Mimbres area 

was largely established as a result of research conducted in 

the Mimbres Valley by the Mirrilires Foundation {Anyon et ale 

1981; Anyon and LeBlanc 1984; Blake et ale 1986; LeBlanc 1976, 
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1977, 1982, 1983, 1986; Minnis 1977, 1978, 1981, 1985). In 

using this corpus of data, however, emphasis was on synthetic 

statements regarding chronology and human cultural development 

(Anyon and LeBlanc 1984; Blake et ale 1986; Anyon et al. 

1981). 

Lekson (1990) reviewed the body of literature produced by 

the Mimbres Foundation. He integrated this with information 

from a broader area of southwest New Mexico, and offered his 

own views about dating and behavioral trends. 

Chronology and behavioral trends for the Pinelawn-Reserve 

area are generally based on Berman (1979) as well as Lekson 

(1990). Archaeological investigations carried out by Paul 

Sidney Martin and his colleagues from the Univeristy of 

Chicago were, however, extensively consulted. 

An overarching device was selected for ordering past 

events and behavioral trends in these two Mogollon areas. 

This device is the framework used for ordering time and events 

in the Grasshopper Mogollon area of east central Arizona (Reid 

1989; Cordell and Gumerman 1989). 

Four prehistoric temporal/developmental periods are 

defined. These periods include the Late Archaic period 

(2000/1500 y.b.p. to A.D. 200), the Mogollon Initiation period 

(A.D. 200 to 600), the Mogollon Expansion and Differentiation 

period (A.D. 700 to 1150), and the Mogollon Pueblo 

Reorganization period (A.D. 1150 to late-1300s). The third 
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period identified, the Mogollon Expansion and Differentiation 

period, is further divided into two segments. These segments 

are the Late pithouse horizon and Mogollon Pueblo horizon; 

these date, respectively, from A.D. 700 to 1000 and from A.D. 

1000 to 1150. 

A brief review of the prehistory for the Mogollon region 

before the period of concern is necessary to shape a 

perspective on Mogollon origins. These origins would 

significantly condition later prehistoric developments. This 

review begins with the earliest, most obtrusive, appearance of 

prehistoric groups in the mountains of southwest and west 

central New Mexico, as well as throughout the southern 

desert/mountain steppe of Arizona. 

Late Archaic Period 
(2,000/1,500 years B.P. to A.D. 200) 

The Mogollon tradition emerged out of the Late Archaic 

period in mountain areas in southwest New Mexico, adjoining 

areas in west central New Mexico, and the desert/mountain 

steppe of southeast Arizona (Haury and Sayles 1947; Reid 1989; 

Wills 1988). It is thus important to review current evidence 

regarding earliest Mogollon developments in all areas. 

For southeast Arizona (Dart 1986; Huckell 1984:142, 

1988:72; Whalen 1971, 1973), southwest New Mexico (Lekson 

1990), and other parts of Arizona (Haury 1957) and New Mexico 
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(Dick 1965; Reinhart 1967; wills 1988; Campbell and Ellis 

1952; Irwin-Williams and Haynes 1970:67-68 and Figure 10; 

Martin et al. 1949), the Late Archaic period is the best 

represented of all the Archaic sequence. While the Late 

Archaic in southeast Arizona was originally dated between 

3,500 and 2,200/1,900 years B.P. (Sayles and Antevs 1941), 

radiocarbon dates from sites in Whitewater Draw currently 

bracket the period between 2,700/2,600 and 2,000 years B.P. 

(Waters 1986). Dates from other Late Archaic sites in 

southeast Arizona reinforce this temporal range. 

In a review of dates from Late Archaic sites in southeast 

Arizona it is noteworthy few are earlier than the 2700/2600 

B.P. time period proposed by Waters (1986; see Wasley and 

Sayles 1983:54-57). Radiocarbon dates for Chiricahua (Middle 

Archiac) and San Pedro (Late Archaic) sites in Matty Canyon 

within Sulpher Spring Valley date the transition from the 

Middle to the Late Archaic to 3,000-2,800 years B.P. (Eddy and 

Cooley 1983:57-58, Appendix C). Likewise, Late Archaic sites 

in the Tucson Basin characteristically begin no earlier than 

3,000-2,800 years B.P. (Huckell 1988:61, Table 6.1). 

At the Cienega Creek site in the Point of Pines area of 

east central Arizona Haury (1957:24) obtained a date of 2515 

+ 300 years B.P. from a hearth associated with a Late Archaic 

tool assemblage. This date is well in line with beginning 

dates for the Late Archaic in southeast Arizona. Haury 
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concluded from work at Cienega Creek that the Late Archaic 

tool assemblage shared significant similarities with earlier, 

Middle Archaic, assemblages recovered in southeast Arizona. 

He thus inferred cultural continuity from the Middle to the 

Late Archaic in east central Arizona (Haury 1957:24-26), thus 

reinforcing long-held views regarding cultural continuity in 

the transition from the Middle to the Late Archaic in 

southeast Arizona. 

The end of the Late Archaic is placed at A.D. 200-300. 

Its end is signalled by the appearance of plainware ceramics. 

Shortly thereafter, redware ceramics appear and, at the same 

time, small and shallow "Archaic-style" pithouses expand in 

size and depth. with the appearance of redware ceramics and 

substantial pithouses the Mogollon tradition begins (Haury 

1936, 1957; Sayles 1945, 19B3:132-135; Wheat 1955; Martin et 

al. 1949; Reid 19B9:70). Reid (1989:70-71) notes that the 

Mogollon sequence begins with the appearance of ceramics in 

otherwise Late Archaic contexts. Prior to the appearance of 

the Mogollon tradition in mountain areas of southwest and west 

central New Mexico Late Archaic settlement was variable. 

In west central New Mexico use of rockshelters and open 

floodplain sites continued from the Middle Archaic through the 

Late Archaic (Dick 1965; Wills 1988; Martin et al. 1949). 

However, pithouses make their first appearance. Late Archaic 

sites associated with pithouses are not cornmon in western New 



96 

Mexico (Wills 1988), but Martin and Rinaldo (Martin et ale 

1949) did excavate aceramic pithouses at the Promontory site 

in the Pinelawn Valley. 

Late Archaic sites associated with pithouses, storage 

structures, and outdoor hearths are more common in central New 

Mexico. Sites like this are found along the Rio Grande 

(Reinhart 1967), as well as throughout southern New Mexico 

(Beckett 1973; Berry and Berry 1986). 

Farther east, in the Trans-Pecos region of Texas, 

aceramic pithouses have been assigned to the Late Archaic. 

Dates for aceramic pithouses in the El Paso area extend from 

4500 to 2160 years B.P. (O'Laughlin 1988). 

In the Mimbres area Late Archaic sites associated with 

pithouses are recorded. Sites like these have, in fact, been 

reported for the Mimbres Valley (Minnis 1980). However, none 

have received systematic investigation (see Lekson 1990:4.17). 

North and west of the Mimbres Valley, along the Gila 

River in New Mexico, aceramic pithouses are identified at two 

different sites (Hammack et ale 1966). In addition, Laumback 

(1980) excavated a small ace ramie pithouse associated with a 

roasting pit containing maize. A radiocarbon date on maize 

dated between A.D. 258 and 533 (see Lekson 1990: Table 4.2). 

Sites associated with Late Archaic artifacts, yet 

containing small (2.5 to 3 meters in diameter) pithouses, are 

located throughout southeast Arizona (Eddy 1958; Huckell 
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1988:63-66; Whalen 1971,1973:93; Sayles 1945, 1983). Similar 

sites have also been found along the Middle Gila in Arizona 

(Chapman et ale 1985). 

On the Middle Gila River near the Arizona-New Mexico 

border transitional Late Archaic-Mogollon sites have been 

recorded. These sites are typically multicomponent, with 

pithouses normally associated with ceramics (Berman 1978; 

Lightfoot 1984; Shaw and Bernard-Shaw 1986). The majority of 

radiocarbon dates for the Mesa Top site (Berman 1978), as well 

as Duncan Village (Lightfoot 1984), fall within the A.D. 200-

300 beginning range for the Mogollon sequence. Excavations at 

Powers Ranch Ruin next to the middle Gila (Shaw and Bernard

Shaw 1986), alternatively, yielded a small, circular pithouse 

(3.0 meter diameter) dating to the period between A.D. 66 and 

233 (see Lekson 1990:4.2). 

The Late Holocene climate episode (A.D. 4,000/3,000 to 

current - see Betancourt and Van Devender 19B1) is the epoch 

for understanding Late Archaic adaptations in what would be 

the Mogollon region (Van Devender and Wiseman 1977; Van 

Devender et ale 1984). The Late Holocene is viewed as a time 

of amelioration in climate and environment following a 

protracted cycle of drought and arroyo-cutting over much of 

western North America; that is, during the Altithermal (see 

Irwin-Williams and Haynes 1970). The Late Holocene in the 

American Southwest is viewed as a time when optimal 

-- ---- ------
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environmental conditions favored florescence in desert 

cultural adaptations across diverse parts of the American 
/" 

Southwest (see Huckell 1988:72-73; Irwin-Williams and Haynes 

1970:70). 

Packrat, pollen, and alluvial sequences from the 

Southwest provide a view of the Late Holocene as a time of 

climatic and environmental stability for nearly 4000 years 

(Huckell 1988:72; Van Devender 1977; Betancourt and Van 

Devender 1981; Van Devender and Spaulding 1979; Irwin-Williams 

1979; Irwin-Williams and Haynes 1970). Paleoenvironmental 

data indicate climate parameters not dissimilar from those 

prevalent today. Climate was thus Southwestern in nature, 

with cool dry winters and warm wet summers. This bimodal 

patterning in seasonal climate is considered the basis for a 

widespread transition from shrub woodlands to full xeric plant 

communities across much of the Southwest (see especially Van 

Devender 1977; Van Devender and Wiseman 1977; Van Devender et 

ale 1984). Climate during the Late Holocene also contributed 

to the prevalence in desert-based human adaptations (Irwin-

Williams and Haynes 1970), as well as adoption of early 

cultigens (P. Schultz Martin 1963:70). 
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Mimbres and Pinelawn-Reserve Areas 
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Early archaeological work in the mountains of southwest 

and west central New Mexico formed the basis for the Mogollon 

culture sequence. Because the earliest periods of Mogollon 

use in these areas are uniform these areas are discussed 

together. 

Haury (1936:123) outlined the initial Mogollon sequence 

for the Mimbres and Pinelawn-Reserve areas using evidence from 

Mogollon Village, essentially located between the Pinelawn 

Valley and the Mimbres Valley, along with evidence from the 

Harris site in the Mimbres Valley (see Wheat 1955:7). Haury 

recognized three Mogollon pithouse phases: Georgetown (1 -

A.D. 700), San Francisco (A.D. 700 - 900), and Three Circle 

(A.D. 900 - 1000). 

At both Mogollon Village and Harris, Haury recorded 

circular, oval, bean-shaped, and D-shaped pithouses in 

association with large semi-subterranean structures. At both 

sites, habitation and ritual structures were ascribed to 

Georgetown or San Francisco phases based on variations in 

pithouse morphology, and increased amounts of San Francisco 

Redware. San Francisco phase pithouses at both sites were 

only distinguished if Mogollon Red-on-brown ceramics were 

present (Haury 1936). 
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Haury's studies just south of the Pinelawn-Reserve area 

in the mountains of west central New Mexico formed the basis 

for extension of the Mogollon tradition out of the Mimbres 

valley. Work conducted subsequent to that of Haury's, now in 

the Pinelawn-Reserve area verified Haury's early pithouse 

sequence (Martin 1943; Martin and Rinaldo 1940, 1947; Martin 

et ale 1949), In addition, it permitted extending this 

sequence back in time (Martin et ale 1949). In the Pinelawn 

Valley, at sites like Promontory and SU, Haury's earliest 

pi thouse phases, Georgetown and San Francisco, were 

distinguished. At the same time, an even earlier pithouse 

phase was recognized; the Pinelawn phase (Martin et al. 

1949). This phase was dated between ca. 150 B.C. and A.D. 

500; most tree ring dates for the Pinelawn phase are now 

known to fall in the A.D. 400's (see Bannister et ale 1970). 

In the Pinelawn-Reserve area the Pinelawn phase was 

defined on the basis of pithouse forms. Most houses were 

small, and circular, and contained small quantities of Alma 

Plainware ceramics. Late during this phase redware ceramics 

appeared (San Francisco Red: Saliz Variety, for the Pinelawn

Reserve area, see Martin and Rinaldo 1947; discussion in Wheat 

1955:78; Anyon et ale 1981:216). 

On the basis of Haury's work at the Harris site in the 

Mimbres Valley Georgetown, San Francisco, and Three Circle 
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Haury also distinguished a 

subsequent pueblo period which he termed the Classic Mimbres. 

Haury's work at Mogollon Village and the Harris site also 

permitted dating sites in the Mimbres Valley excavated before 

Haury's sequence was established. Haury (1936) offered 

preliminary correlations between these earlier excavated sites 

and his chronology, but it was Wheat (1955:13-16) who 

thoroughly reviewed the data and ordered early sites according 

to the Mogollon sequence. Site components at sites like 

Cameron Creek Village (Bradfield 1929), Swarts Ruin (Cosgrove 

and Cosgrove 1938), Galaz Ruin (B. Bryan 1931), and Mattocks 

Ruin (Nesbitt 1931) could now be ascribed to Pinelawn, 

Georgetown, San Francisco or Three Circle phases. 

While the Pinelawn-Georgetown-San Francisco-Three Circle 

phase sequence proved reliable for dating early Mogollon sites 

in mountain areas of southwest and west central New Mexico 

(Wheat 1955:13-21), researchers in the Mimbres Valley 

collapsed the first three phases into a single Early pithouse 

period (A.D. 200 to 750 B.P.; LeBlanc 1983; Anyon and LeBlanc 

1984; Anyon et al. 1981). Moreover, archaeologists from the 

Mimbres Valley to the middle reaches of the Gila River 

(Fitting 1973) have suggested the Pinelawn phase not be 

extended outside of the Pinelawn-Reserve area. Instead, they 

propose calling the Early Pithouse period in the Mimbres area 

the Cumbre phase (A.D. 200-550; Anyon et al. 1981:213-214). 
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The majority of the material traits used to define the 

Cumbre phase are not, however, different from those used to 

define the Pinelawn phase (contrast Anyon et ale 1981:213-214 

with Martin 1979:64, 66-67 for architectural attributes and 

with Wheat 1955:77-78 for ceramic ones). At one time the 

Pinelawn-Reserve area was considered little more than a 

northern expression of Mimbres culture (Wheat 1955:16-21). A 

later review of architectural and ceramic data from early 

pithouse villages in both Mogollon areas seem to reinforce 

such a view (Danson 1957). 

A very simple ceramic sequence characterized pithouse 

village occupations in the Mimbres area. Earliest villages 

are primarily associated with plain brownwares (Alma plain) 

and at least two different types of redware. Later on, red

on-brown painted vessels appear and, with a major shift in 

village location in the Mimbres Valley from uplands to 

lowlands, red-on-whi te forms appear (Three Circle Red-on

White; see Anyon and LeBlanc 1984; Shafer 1982; Shafer and 

Taylor 1986:58-60). 

Within the Mogollon region, as a whole, this particular 

ceramic sequence is best represented in the Mimbres area. 

Once again, this has prompted some to conclude that early 

Mogollon ceramics found in mountain areas north of southwest 

New Mexico were derived from southern sources (see Martin 

1979:69; Wheat 1955:87; Martin and Rinaldo 1950b). 
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Archaeological evidence points to the Mogollon Initiation 

period as a time when Mogollon were occupying desert and 

mountain settings across the eastern half of Arizona and the 

western half of New Mexico. Earliest Mogollon manifestations 

also appear in southeast Arizona, in east central Arizona, in 

the Mimbres Valley, along major tributaries in southwest New 

Mexico, along the Gila River in New Mexico and Arizona, along 

the San Francisco River in New Mexico and Arizona, and 

throughout the southernmost reaches of the Rio Grande (see 

Lekson 1990:4-27; Morenon and Hays 1984; Anyon et al. 

1981:214, Table4). 

Early archaeological investigations at Cave Creek and at 

San Simon Village documented early Mogollon use of southeast 

Arizona (Sayles and Antevs 1941; Sayles 1945). In the San 

Simon Valley, at San Simon village, Sayles exposed Late 

Archaic pithouses. However, near San Simon Village aceramic 

pithouses were found adjacent to, or underlying, true Mogollon 

pithouses (Sayles 1945, 1983; Wheat 1955: 78-79) • 

Archaeological investigations at these last two sites 

documented a long A~:-chaic, transitional Mogollon sequence. 

This transition is considered to have begun at some time 

between ca. 300 B.C. and A.D. 100 (Martin 1979:64; Sayles 

1945, 1983:132-135). 

Along the northernmost edge of southeast Arizona, 

adjacent to the Gila River, early Mogollon sites are found in 
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almost exclusive association with plain brownware and redware 

ceramics (Berman 1978; Lightfoot 1984; Shaw and Bernard-Shaw 

1986) • The Mesa Top site and Duncan Village date to the 

earliest centuries of the Christian era. Power's Ranch Ruin, 

on the other hand, contains a component spanning the Late 

Archaic/Mogollon transition. Even further west along the 

Gila, extending north through the lower reaches of the San 

Francisco River in Arizona, early Mogollon sites are reported 

(Accola 1981; Chapman et al. 1985). 

In east central Arizona, the Mogollon Initiation period 

is seen at sites like Bluff (Haury and Sayles 1947; Haury 

1985; Reid 1989:71) where pithouses, some only slightly larger 

than Late Archaic houses but executed to greater depths, were 

found associated with plainware ceramics. The phase relevant 

to Mogollon Initiation in the Forestdale Valley is termed 

Hilltop, and it dates from A.D. 300 to 500 (see Haury 

1985:377-382). 

The Bluff site is on a high prominence overlooking the 

Forestdale Valley; similar land features in this area are 

associated with Mogollon villages (Haury 1985:289-290). Early 

Mogollon village site selection in the Forestdale Valley with 

respect to emphasis on high prominances, as seen throughout 

much of the Mogollon region, is normally attributed to 

defensive needs (see discussion in Reid 1989:70 for fuller 

treatment of the significance in the Bluff site). 
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Because many early Mogollon villages were excavated 

during the 1940's and 1950's, a paucity of information exists 

regarding early sUbsistence. Due to an abundance of manos and 

metates at the Bluff site, however, Haury and Sayles (1947) 

inferred reliance on maize agriculture by early Mogollon. 

Martin (1947), using the same criteria, proposed reliance on 

agriculture by Mogollon living in the Pinelawn-Reserve area as 

early as the Pinelawn phase. 

For the Mimbres Valley proper, but based on 

ethnobotanical and palynological data, Anyon and LeBlanc 

(1984:268) suggest maize agriculture became important during 

the earliest period of Mogollon use. On the basis of pollen 

spectra from early Mogollon houses at Duncan Village there is 

evidence for emphasis on maize agriculture. Maize pollen was 

recovered here in masses of composite spectra; an occurrence 

considered indicative of plant processing (Lightfoot 1984). 

For the earliest phase of the Mogollon sequence there is 

little information regarding climate. However, very close to 

the end of this phase an interval of widespread erosion and 

arroyo-cutting is documented for many parts of the Southwest 

(Irwin-williams and Haynes 1970:69-70). This was originally 

identified by Antevs (1955a) as the Fairbank Drought, based on 

alluvial sequences from many parts of western North America, 

and dated between A.D. 500 and 700. 

Schulman (1938) isolated the Fairbank Drought in a 
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preliminary tree-ring chronology for west central New Mexico. 

Bluhm (1960) then used Schulman's identification to explain a 

decrease in pi thouse size and general population decline 

during the Georgetown phase in the Pine Lawn Valley. 

Likewise, Martin et ale (1952) used the Fairbank Drought to 

account for a drop in the frequency of maize remains in 

Tularosa Cave during the Georgetown phase (also see Martin and 

Plog 1973). 

Evidence indicates many mountain areas in west central 

New Mexico were abandoned, or significantly under-used, by the 

end of the Early pithouse period. Graybill (1973) noted a 

paucity of sites dating to early Mogollon in the Gila 

Wilderness area north of the Mimbres Valley. In addition, 

Berman (1979) noted a drop off in sites at some time during 

the A.D. 500-700 interval throughout most mountain areas of 

west central New Mexico. In the Rabb Park area near Alma, New 

Mexico, as well as in the Devil's Park area northeast of the 

Mimbres Valley, early Mogollon use is followed by abandonment 

with prehistoric re-use not occurring until much later (see 

Lekson 1990:4-84 to 4-86). 

Settlement in the Mimbres area and, in particular in the 

Mimbres Valley, reflects a shift from mountain uplands to 

lowlands close to the end of the Mogollon Initiation period 

(ca. A.D. 550; Anyon et ale 1981). It is inferred that this 

shift resulted as intensification in agriCUltural production 
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ensued in upland mountain villages. Upland mountain resource 

zones in the Mimbres Valley are thus considered limited to 

increased agricultural pursuits by early Mogollon (Anyon and 

LeBlanc 1984). It is concluded that early Mogollon residents 

of the Mimbres Valley placed such reliance on agriculture that 

they rapidly broached critical threshold limits in 

agricultural production throughout upland mountain areas. As 

a result, villages were re-established throughout lower 

mountain zones in the valley. These villages, now, were in 

closer proximity to more permanent water (Anyon and LeBlanc 

1984; Blake et al. 1985). 

Mogollon Expansion and Differentiation 
(A.D. 700 to 1150) 

In the Mimbres and Pinelawn-Reserve areas Mogollon 

Expansion and Differentiation, at least at the outset, 

followed similar lines. However, these lines would ~oon 

diverge. In the north settlement diminished in frequency and 

obtrusiveness. In the south, alternatively, there was 

geographic expansion and population growth. Mogollon Pueblo 

appears quite early in the Mimbres area, at around A.D 1000. 

In the Pinelawn-Reserve area it appears at roughly the same 

time, but it ensues with rapid spread throughout mountainous 

areas of west central New Mexico and east central Arizona. 
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Mimbres Area 

In the Mimbres area, Mogollon Expansion and 

Differentiation is characterized by a rapid transition from 

Late pithouse period villages to Mogollon Pueblo at about A.D. 

1000 (Anyon et ale 1981). This transition is viewed as an 

outgrowth of earlier trends toward increased emphasis on 

agricul ture, steady population growth, and a trend toward 

population aggregation at pithouse villages (Anyon and LeBlanc 

1984). 

In the Mimbres valley pueblo villages, some with 100+ 

rooms, were established during the Mogollon Pueblo interval 

(A.D. 1000 to 1150). Interestingly enough, many of the larger 

Pueblos in the Valley were established in locations where 

larger pi thouse villages had once been located. This provides 

a strong argument for seeing cultural continuity from pithouse 

to pueblo periods in the Mimbres area (see Anyon 1980). 

During the Mogollon Pueblo period in the Mimbres Valley small 

pueblos were also established throughout a variety of settings 

(Blake et ale 1986:459-461). It is inferred that by this time 

prehistoric population in the valley had reached an all-time 

high (Anyon and LeBlanc 1984; Blake et ale 1986). 

The pueblo period for the Mimbres area is most visible 

along major waterways that drain the transition zone between 

the mountains and the Chihuahuan desert in southwest New 

Mexico. While this period is best known from investigations 
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in the Mimbres Valley, a broad geographic sphere of influence 

is included. This sphere extended north out of the Mimbres 

Valley into the southernmost portion of the Gila Wilderness 

area (Graybill 1973). In addition, Mimbres style black-on

white ceramics (Classic Black-on-White III) are found in 

elevated frequencies on sites north of the valley extending 

into the Gila River Valley in New Mexico (Fitting 1972; Lekson 

1982, 1984, 1986b, 1990). Late Mimbres style ceramics are 

also found on sites along the lower reaches of the San 

Francisco River in New Mexico and Arizona (Accola 1981; 

Chapman et al. 1985). At the same time, Mimbres material 

influences can be tracked west to include parts of the Middle 

Gila River in southeast Arizona (see Shaw and Bernard-Shaw 

1986; Chapman et ale 1985). Further south, throughout the 

mountains that extend from north to south across much of 

southeast Arizona, sites reflecting late Mimbres influence 

abound (Sauer and Brand 1930). Finally, Mimbres Pueblo period 

influences can be seen along the southernmost margins of the 

Rio Grande River Valley in New Mexico (Lekson and Wilson 

1985) • 

In the Mimbres Valley Mogollon Pueblo is represented by 

large pueblos, usually segregated into several blocks of 

contiguous rooms. Roomblocks were usually arranged around 

open courtyards. In some cases, roomblocks were arranged 

around large, rectangular pithouses that probably served 
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ceremonial or community functions (see Anyon and LeBlanc 1980, 

1984; LeBlanc 1983). 

In addition to the construction of large pueblo villages 

in the Mimbres valley during the Mogollon Pueblo period, 

smaller settlements were established in numerous valley 

locations. These small sites were located along the valley's 

major waterway (the Rio Mimbres), or along laterals leading 

into the valley wherever arable land could be found (Graybill 

1973; Blake et ale 1986). At some point during this period 

small unit pueblos were also occupied in uplands above the 

valley in xeric desert settings (Blake et ale 1986:459-461). 

It is commonly assumed that these latter sites represented 

seasonally used fieldhouses (Anyon and LeBlanc 1984; stuart 

and Gauthier 1984:200; Blake et ale 1986). 

By the A.D. 1150s pueblo village consolidation and growth 

in the Mimbres area ended. The Mimbres Valley, itself, was 

abandoned at a time when population numbers were probably at 

prehistoric extremes (Lekson 1986a). Archaeological evidence 

from areas adjacent to the Mimbres Valley suggest that the 

processes in settlement, population growth, aggregation, and 

abandonment ongoing in the valley were occurring elsewhere at 

the same time (see Lekson 1986a). While numerous views have 

been offered to account for abandonment of the Mimbres valley 

during the 12th century (Anyon and LeBlanc 1984 review these 

ideas), recent models address climatic and environmental 
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factors. 

Minnis (1981, 1985), using the tree-ring chronology for 

the Pinelawn-Reserve area (Dean and Robinson 1978), inferred 

optimal climatic conditions prevailed in the valley at the 

beginning of the Mogollon Pueblo period. In turn, these 

conditions fostering widespread agricultural exploitation by 

valley residents. After A.D. 1100, however, Minnis saw a 

decline in effective moisture, and this is thought to have 

spelled disastor for Mimbres agriculture. During the 

preceding century of optimal climate, population in the valley 

is thought to have attained its highest prehistoric level. 

However, as a result of lower effective moisture in the 12th 

century, when combined with an ever increasing population base 

and use of extensive agricultural practices, the valley 

environment was dessicatedi prehistoric abandonment thus 

followed. 

Anyon and LeBlanc (1984) modify Minnis' view of the 

importance climate played in the process of Mogollon 

abandonment of the Mimbres Valley. Alternatively, they 

suggest a period of environmental desiccation for the valley 

was initiated by prehistoric groups as a result of use of 

overly extensive farming practices. From the very beginning 

(Mogollon Initiation) Mogollon occupants of the valley are 

seen as farmers. However, with population increases during 

Early pithouse, Late pithouse, and Mogollon Pueblo intervals 
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agricultural lands could no longer be expanded, while those 

being used were being overexploited. Abandonment, as a 

result, is viewed as a product of increased population 

combined with overly extensive farming practices resulting in 

valley dessication. Given a general inability to expand into 

new agricultural territories, Mogollon Pueblo abandoned the 

Mimbres Valley. 

Lekson (see especially 1986a, 1990:5-19 to 5-23) has 

arnmended Anyon and LeBlanc's views about Mogollon Pueblo 

abandonment of the Mimbres Valley. Instead of seeing 

abandonment as a single event he views it as merely one in a 

series of events that moved people over vast expanses of the 

Southwest. According to this view, population movement 

throughout the mountains, extending north up onto the southern 

Colorado Plateaus, became a necessity because of already 

resource limited bases in mountain and plateau areas. 

Further, it is thought that as groups moved across various 

mountain and plateau zones they were, in essence, moving into 

pristine, undisturbed habitats. Once in these zones, however, 

groups exploited them using extensive agricultural strategies 

to the extent arable land was completely depleted. As a 

result, groups were forced to periodically abandon areas when 

they were no longer viable for agriculture. 
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Pinelawn-Reserve Area 

Mogollon resettlement of northern mountain areas in west 

central New Mexico, many earlier abandoned, characterized the 

A.D. 800s and 900s (Berman 1979:32-33; Bluhm 1960; Martin and 

Plog 1973; Martin et al. 1952). New cultural influences from 

the southern Colorado Plateaus also increased by the end of 

this time period (see Bluhm 1960; Haury 1936; Haury and Sayles 

1947; Wheat 1955). 

Anasazi influences in mountain areas of west central New 

Mexico and east central Arizona are best seen in the 

Forestdale Valley of east central Arizona. Here, Cottonwood 

phase pithouses (A.D. 600 to 1000) display a unique blend of 

traits indicative of both Mogollon and Anasazi (Haury 

1985:381-382; Reid 1989:72-73). Before the end of the 

Mogollon Expansion and Differentiation period in the Pinelawn

Reserve area (A.D. 900's/1000), as well as is the case 

throughout other mountainous areas in west central New Mexico 

and east central Arizona, mountain populations display a 

complex of traits appropriately termed Mogollon Pueblo (see 

Reid 1989:75-80). 

In the Pinelawn-Reserve area pithouse villages, at the 

beginning of the Expansion and Differentiation period, were 

still being occupied. Definite changes in pithouse shape, 

size, and associated ceramics, however, were soon evident. 

Architecturally, there was a gradual shift from circular and 
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D-shaped houses to more rectangular forms (Wheat 1955). In 

addition to the continued predominance of Alma Plainware and 

San Francisco Redware, Mogollon Red-on-brown increased (Wheat 

1955:84; Martin 1947, 1979:69). Near the end of the San 

Francisco phase, Three Circle Red-on-White first appeared 

(Haury 1936). 

The transition from the San Francisco phase to the Three 

Circle phase in the Pinelawn-Reserve area remains enigmatic. 

Tree-ring dates from pithouses once assigned to these separate 

phases show, on reevaluation, a large degree of overlap 

(Ahlstrom 1985: 107). The utility of this phase distinction in 

the Pinelawn-Reserve area requires more dates, and continued 

re-evaluation in the future. 

For the Pinelawn-Reserve area the end of the Expansion 

and Differentiation period is signalled by the beginning of a 

Mogollon Pueblo interval. The earliest portion of this 

interval is the Reserve phase (A.D. 1000 to 1200). The 

Reserve phase in the Pinelawn-Reserve area is associated with 

widespread population movement, and construction of relatively 

small pueblos (2 to 3 to up to 10 rooms). In most cases, 

small pueblo roomblocks are associated with one or more large 

semi-subterranean structures. 

Ceramics for the Reserve phase in mountain areas of west 

central New Mexico include Mimbres Boldface (Classic II Black

on-white) and Classic Black-on-White (Classic III Black-on-
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However, northern decorated ceramics appeared in 

growing frequencies at this time. Reserve Black-on-White, 

considered indigenous to mountainous areas of east central 

Arizona and west central New Mexico, is considered part of the 

Cibola Whiteware series (Danson 1957:90 considers this ware 

ancestral to Kiathutlana B/W). By this date, Cibola 

whi tewares become common throughout the mountains south of the 

Colorado Plateaus (Berman 1979:51; Bluhm 1960:544; Danson 

1957; Lekson 1990:4-59; Martin 1979; Martin and Rinaldo 1950b; 

Stuart and Gauthier 1984:134). 

During the Reserve phase throughout mountainous areas in 

west central New Mexico and east central Arizona, small pueblo 

villages appear in almost every conceivable location (see 

Berman 1979:44-54; Bluhm 1957, 1960; Rice 1975; Stuart and 

Gauthier 1984:138-139). While some Reserve phase villages 

here attained some size most, if not all, remained small. It 

was not until the Mogollon Reorganization period (ca. A.D. 

1150 to 1300s) that pueblo villages in the mountains of west 

central New Mexico grew large in size. 

It is usually assumed that with ascension of Mogollon 

Pueblo in mountainous areas of west central New Mexico, 

populations were fully agricultural. The frequency of water 

control devices found in association with Reserve phase 

villages is often cited as evidence for increased dependence 

on agriculture by this time (Stuart and Gauthier 1984). 
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Likewise, cave deposits from both west central New Mexico and 

east central Arizona show high amounts of cultigens during 

this time (see discussion in Martin and Plog 1973). However, 

evidence from other parts of the Mogollon region (Reid 1989) 

suggest agriculture and other sUbsistence strategies 

maintained equal importance throughout the entirity of 

Mogollon Pueblo sequences. More systematically recovered data 

will be needed in the future if archaeologists want to 

reliably gauge the extent to which Mogollon were reliant on 

agriculture during different time periods. 

Discussions of paleo-climate and variability in Mogollon 

Pueblo behavior have largely been confined to east central 

Arizona (Hevly 1968; Reid 1973, 1989; Schoenwetter 1960). 

While a climate-sensitive chronology for the Pinelawn-Reserve 

area has been available for some time now (Dean and Robinson 

1978), it has only been used for climatic inference in the 

Mimbres Valley (Minnis 1981, 1985). When this chronology is 

used as a basis for generating summer drought estimates 

(Chapter 6), it not only points to the same general climatic 

episodes outlined by Minnis (1983), it reveals much more. 

Discussion of this chronology is reserved for the next 

chapter. 



Mogollon Pueblo Reorganization 
(A.D. 1150 - 1300) 
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During the Mogollon Pueblo Reorganization period the 

frame of reference shifted north. Following Mogollon Pueblo 

abandonment of the Mimbres area, two groups that appeared 

culturally distinct from the Mogollon used the area for brief 

times (Anyon and LeBlanc 1984). No remarks regarding these 

phases are made. Prehistoric summer drought estimates for 

this time period are limited to the Pinelawn-Reserve area and, 

as a result, little can be said about climate and links to 

SUbsistence or population group size in the Mimbres area. 

The Tularosa phase is the period of concern for the 

Pinelawn-Reserve area during the Mogollon Pueblo 

Reorganization period (i.e, during the 12th, 13th, and 14th 

centuries). The Tularosa phase in the Pinelawn-Reserve area, 

as well as in other parts of west central New Mexico and east 

central Arizona, developed out of the Reserve phase. 

Throughout mountainous areas in parts of Arizona and New 

Mexico the Tularosa phase ensues with construction of large 

pueblo villages (many with 100+ rooms), many in the best-

watered locations in the mountains (Martin and Rinaldo 1950ai 

Reid 1989: 83-85). The impression conveyed to many researchers 

is that the Tulorosa phase proceeds with consolidation of 

smaller Reserve phase communities to form much larger 

aggregates (Berman 1979: 59-62 i Low'ell 1986, 1991 i Reid 
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1989:88; Stuart and Gauthier 1984:138). 

The sense conveyed with the progression of the Tularosa 

phase, in the Pinelawn-Reserve area as well as elsewhere in 

the central Southwest, is that by the time the phase reaches 

full development (by the mid-1200's) geographic emphasis among 

Mogollon Pueblo groups shifted westward. During the 13th 

century, pueblos of even larger size were established 

throughout eastern Arizona, and many of these were maintained 

through the mid- to late-1300s (Reid 1989). 

With termination of the Tularosa phase in the Pinelawn

Reserve area (late 1300's) large Mogollon Pueblo communities 

can be seen all the way from the Point of Pines and Tonto

Roosevelt areas in east central Arizona on the south to the 

lower reaches of the Upper Little Colorado River on the north. 

From the Tonto-Roosevelt region in east central Arizona 

similar settlements were established to the east with a 

secondary concentration in the Acoma area (Lekson 1990:4-68 to 

4-69). Large Tularosa phase site are also along stretches of 

the Tularosa River in New Mexico (Wendorf 1956), north from 

here into the Zuni area (Kintigh 1984), and even further north 

in the Mariana Mesa/Quemado area (Berman 1979:58; Danson 1957; 

McGimsey 1980). By the late 1200's in the Pinelawn-Reserve 

area Tularosa phase pueblos were, however, abandoned. 

By this late date it is usually thought that Mogollon 

once residing in Tularosa phase communities in the Pinelawn-
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Reserve area became integrated with Anasazi neighbors in the 

mountains of east-central Arizona, in the Hopi Mesa region, or 

in the Zuni (Rinaldo 1964) or Acoma areas of New Mexico (see 

Lekson 1990). 

As was the case for other Mogollon phases in the 

Pinelawn-Reserve area, little information is available 

regarding prehistoric subsistence during the Tularosa phase. 

The presence of trough metates and two-handed manos is usually 

considered indicative of emphasis on agriculture. The 

appearance of check dam systems at this same time (some quite 

extensive like at Point of Pines - see Woodbury 1961) is also 

frequently cited as evidence for intensification in 

agriculture. 

During the Mogollon Pueblo Reorganization period in the 

mountains, site selection shifted to places where permanent 

water and open stretches of valley floodplain were available 

(Berman 1979:47; Bluhm 1960; Danson 1957; Wendorf 1956). 

Large Tularosa phase sites also appear at high mountain 

elevations often next to high mountain meadows. It is usually 

assumed these areas were well watered and arable land could be 

found (Lekson 1990). 

The most complete information regarding Mogollon Pueblo 

subsistence during the Tularosa phase comes from Grasshopper 

Pueblo in east central Arizona. Interestingly enough, at 

Grasshopper there is little evidence for intensified 
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broad-spectrum 

subsistence pattern was maintained and, as noted elsewhere, 

hunting remained significant throughout the course of Mogollon 

Pueblo use of the Grasshopper area (Reid 1989:90). 

Pollen-based data sources remain a mainstay for inference 

about past climate in the mountains of west central New Mexico 

and east central Arizona throughout Mogollon Pueblo periods of 

use (Berman 1979:66-67; Hevly 1968; Schoenwetter 1962; Stuart 

and Gauthier 1984). As already noted in Chapter 4, however, 

early pollen spectra from sites in the mountains were not 

usually collected with concerns about adequacy of sample size 

(Cully 1979) or concerns of possible post-occupation 

contamination (Hevly 198B). Alternatively, other 

investigators in the Mogollon region have looked to 

prehistoric tree-ring chronologies for information about past 

climate (Reid 1973, 1989; Dean and Robinson 1982; Reid and 

Graybill 1984). 

Dean and Robinson (1982) completed a climatic analysis of 

the prehistoric tree-ring chronology for Grasshopper pueblo, 

identifying close agreement between long-term trends in 

effective moisture and times of popUlation aggregation and 

dispersion. Establishment at Grasshopper Pueblo appears 

coincident with the Great Drought (A.D. 1276-1299) in mountain 

and plateau reaches of east central Arizona. In the 

Grasshopper region, this drought was followed by a significant 
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upward trend in effective moisture that coincided with 

population growth, and expansion, at Grasshopper. Close to 

the end of prehistoric use at Grasshopper, however, a downward 

trend in effective moisture corresponded with village 

dispersion and movement throughout other mountainous areas 

near Grasshopper (Reid 1989). 

Using more quantitative techniques in treatment of the 

Grasshopper tree-ring chronology Reid and Graybill (1984) were 

able to verify earlier proposed correlations between long-term 

trends in population growth, dispersal, and variations in 

effective moisture. This latter set of findings reveal how 

intergrated environment, population, human carrying capacity, 

and social interaction became in conditioning behavior in one 

area of the Mogollon Southwest (see discussion in Reid 

1989:80-81). 

In summary, it is obvious that while prehistoric records 

for the Mimbres and Pinelawn-Reserve areas reflect numerous 

similarities, they also reflect clear differences. The timing 

in major cultural developments in these areas remains vaguely 

out of sync and, moreover, the elements of material culture 

selected for use consistently vary over time. These 

differences, it is thought, can be linked to significant 

variations which, with time, characterized population group 

size, subsistence focus, and patterning in summer drought. 

This hypothesis is the topic of the next chapter. 
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Chapter 6 

Evaluating Summer Drought Estimates and Archaeological 
Records for the Mimbres and Pinelawn-Reserve Areas 

This chapter reviews the Anasazi behavioral model. The 

explanatory value of the model is evaluated using the 

prehistoric summer drought chronologies for the Mimbres and 

Pinelawn-Reserve areas in New Mexico, along with the 

archaeological records for time periods relevant to these 

chronologies. It is concluded that the environmental-

behavioral factors selected for examination provide a coherent 

basis for better understanding past human behavior in the 

Mimbres and Pinelawn-Reserve areas. Moreover, when aspects of 

the Anasazi behavioral model are adopted for archaeological 

interpretation the integrated role of environment and 

population in shaping past behavior is reinforced. 

The primary objective of this study was to determine 

whether trends in past environment coincided with trends in 

population to influence prehistoric behavior in two Mogollon 

areas. Connections between environment and variations in 

population and behavior are well documented for the southern 

Colorado Plateaus. Could similar connections be established 

for the prehistoric Mogollon region? It is concluded that, 

indeed, trends in past environment and trends in population 

group size coalesced to influence past behavior in the 

Mogollon region. 
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Reviewing the Anasazi Behavioral Model 

The Anasazi behavioral model is used to account for seven 

processes in .past human behavior on the southern Colorado 

Plateaus. These processes include settlement, subsistence 

practices, subsistence mix, interaction, territorality, social 

integration and ceremonialism. In this study two behavioral 

processes are examined using summer drought chronologies and 

archaeological records for the Mimbres and Pinelawn-Reserve 

areas. These processes include intensification in 

agricultural production and upland/lowland settlement shifts; 

population aggregation, abandonment, and human alliance 

networks receive secondary coverage. 

In accord with the Anasazi behavioral model, each 

behavioral process is viewed changing over time as environment 

and population group size varied. The model is not used to 

argue that every aspect of pas·t environment and population 

influenced behavior on the southern Colorado Plateaus. It is 

used, however, to suggest that certain aspects of past 

environment and population worked together in influencing past 

behavior. 

Environmental factors considered important in shaping 

past behavior on the Plateaus included: rainfall, natural 

vegetation, and hydrological regime along with floodplain 

conditions involving erosion/arroyo-cutting and aggredation. 

According to the Anasazi behavioral model, the environmental 
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factors considered critical in shaping past behavior operated 

synchronically to produce environmental "end-states". These 

factors are considered operating synchronically because of 

influence from the same climatic conditions during discrete, 

or more protracted, periods of time. The Anasazi behavioral 

model thus stresses better understanding variability in past 

climate in order to better understand variability in past 

behavior on the southern Colorado Plateaus. 

In keeping with this orientation, it is assumed that 

human group size on the Plateaus was affected by certain 

aspects of the environment. Chapter 4 documented episodes of 

diminished moisture, as well as episodes of increased 

moisture, during the prehistoric era in the Mimbres and 

Pinelawn-Reserve areas. The 'quantity of water available in 

the past would have affected plants and animals in both 

Mogollon areas with respect to reproduction and productivity. 

This data is particularly important when viewed from the 

standpoint of quantity and quality of plant and animal biomass 

available for human consumption. As a result, water 

availability in the past is considered critical to prehistoric 

human survival. Here, a certain focus on resource 

availability involves the pursuit of intensified agricultural 

practices in the Mogollon region. 
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This study emphasizes evidence for the intensification of 

agricultural production in the Mogollon region. While it is 

acknowledged this is a difficult topic to address in any 

archaeological context, it is even more difficult without a 

proven method for measuring the extent Mogollon groups were 

dependent on different foodstuffs over time. Diversity 

indices can be used to measure degrees of reliance on wild 

versus cultivated foods with time, as well as they can be used 

to gauge the degrees of population mobility over sedentism 

with time (Reid and Graybill 1985; Kintigh 1987). However, 

these kinds of indices require quantitative data not readily 

available for most of the Mogollon region in New Mexico. As 

a result, a more qualitative approach was used. This approach 

involved three steps. 

First, the operation of past climate in the mountains of 

southwest and west central New Mexico is described. Next, the 

climatic and nutrient requirements of the maize plant are 

outlined. Finally, these lines of information are integrated 

in hypothesis formation. It is proposed that specific 

elements of past climate conditioned increased emphasis on 

maize agriculture over time in the Mogollon region. Once 

tropical cUltigens entered the Mogollon region significant 

changes ensued when it came to village location, subsistence 
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emphasis, and population sedentism. These processes were, it 

is concluded, products of Mogollon efforts to intensify 

agricultural production. Specifically, it is thought that the 

consistent availability of moisture during the summer rainy 

season across much of the Mogollon region selected for 

incorporation of maize as a primary cuI tigen. Moreover , it is 

proposed there were times when summer climate selected for 

intensive exploitation of the maize plant. In this study, the 

Mimbres and Pinelawn-Reserve areas serve as examples for 

illustrating how past climate, environment, and emphasis in 

human subsistence were integrated in the Mogollon region. 

Theoretical orientation 

The theoretical basis for hypothesis development involves 

the evolution of agriculture from a biological standpoint 

(Rindos 1989, 1991). While it is acknowledged Rindos promotes 

a "selectionist" bias when it comes to understanding past 

agricultural adaptations, it is not the intent to add to this 

bias. Rather, it is the intent to use this unique biological 

perspective concerning biotic resources and human use in 

hypothesis formation about the nature of similar relations in 

the Mogollon region. 

It is clear that once tropical cUltigens entered the 

Southwest changes resulted with respect to how groups used 

their landscapes. Environmental tampering by human groups in 
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the Southwest, to enhance productivity or reproductive 

capacities for plants and animals, was likely ongoing for some 

time. These activities, however, did not exert as profound an 

impact on behavior as the appearance of tropical cUltigens. 

For example, Late Archaic lifeways in the Mogollon region were 

uniformly pursued for almost two thousand years before the 

appearance of cultigens (ca. 4000 to 2000 B.P.: Berman 1979; 

wills 1990). with the appearance of these plant resources, 

however, unique foods became available. These foods were 

unique in that they displayed an array of properties making 

them attractive for human use. Many were drought resistent, 

most were highly productive on a consistent basis, many 

possessed wide ranges in habitat tolerance, and most yielded 

seed crops that could be stored. These aspects elevated 

tropical cUltigens above naturally available plants and 

animals by displaying greater potential for intensive human 

use. As a result, once increased subsistence emphasis was 

placed on these plants, human groups underwent changes in 

prehistoric sUbsistence practices, village arrangements, and 

resource scheduling reflecting significant economic changes. 

Such changes were, it is thought, products of deliberate moves 

by prehistoric groups to maximize benefits derived from 

subsistence emphasis on the maize plant (as well as other 

tropical cultigens). 

Several attractive features naturally drew prehistoric 
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groups to the maize plant. These features included: 

consistent productivity from one year to the next (Wills 

1990), storeability of seed and food crops (Leonard 1989), 

drought resistance (Winters 1991), and plasticity when it carne 

to habitat tolerance (Galinat 1977:41). Alone, these features 

might account for the widespread apoption of maize agriculture .. 
in the American Southwest. However, had the basic 

physiological needs of the plant not been met, the things 

making maize attractive for human use would have gone 

unrecognized. As a result, aspects of past environment in the 

Southwest must have operated to encourage widespread adoption 

of maize agriculture. If this was true, then the question 

becomes one of determining whether or not aspects of past 

environment encouraged, or prohibited, focused emphasis on 

maize agriculture in different areas of the Southwest at 

certain times. The aspects of past environment considered 

here are climatic ones. First, aspects of past climate the 

maize plant would have favored are identified. Second, 

specific periods when climatic circumstances for maize 

production were optimal, as well as when they were not, are 

identified. 

The Maize Plant: Climatic and Nutrient Requirements 

Contemporary studies reveal the maize plant has two 

important physiological needs (Chapter 4). First, it needs 
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moisture during its pollination cycle. Second, it needs 

nutrients during this cycle. As previously noted, studies 

show that if maize does not receive both water and nutrients 

during pollination it can stress; then, it can dwarf or die. 

In most situations the two physiological needs of the 

maize plant are met together. That is to say, as water moves 

over the ground surface where the plant is growing organic 

matter containing nutrients is taken up and transported to the 

plant's roots. If one places equal emphasis on the presence 

of water and nutrients during the plants pollination cycle, it 

is difficult to believe early farmers in the Southwest simply 

planted maize wherever reservoirs of ground water could be 

found and left the plant unattended. Behavior like this would 

have provided few guarantees the plant received nutrients at 

the right time. Moveover, if selected reservoirs were 

nutrient poor, plants could stress due to nutrient starvation. 

Given an equivalence in the need for water and nutrients 

during the maize plant's pollination cycle early farmers would 

have been reticent to merely plant seeds and leave them 

unattended. Alternatively, early farmers would have sought 

out optimal field locations. At the same time, they would 

have adopted strategies to help guarantee plants received 

nutrients by adding items like potash, or mulch, to gardens. 

Such strategies would, obviously, help increase the chances 

maize received important nutrients during the summer rainy 
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season as water became available to fuel flowering and 

fruiting stages. More important, these activities 

necessitated prehistoric attention to the maize plants needs; 

thus encouraging experimentation with different kinds of water 

control/nutrient enrichment techniques to promote plant 

reproduction and growth. This kind of behavior indicates more 

than just a casual relationship between plants, environment, 

and human beings. In essence, human beings had to become 

manipulators of both the plants they were growing and the 

physical circumstances in which they were grown to assist with 

productive success. 

It needs to be emphasized that the maize plant does 

require a large volume of water, or mass infusion of 

nutrients, during the pollination cycle. It does, however, 

require some of both of these items. The actual amount of 

water and nutrients a maize plant requires depends on a number 

of factors; for example, nature of species, hybrid 

composition, and extent of drought resistance. It was once 

thought the maize plant required as much water to fuel stem 

and root elongation, as during earliest growth stages, as 

required during flowering and fruiting (Schoenwetter and 

Dittert 1964; Schoenwetter and Eddy 1963). Current studies, 

however, indicate that water requirements in maize during 

earliest growth stages are minimal. These studies reveal that 

most maize plants only need a small amount of soil moisture to 
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successfully complete earliest growth stages (Shaw 1953; 

Classen and Shaw 1972). Under these circumstances, it is 

obvious plant auxins, or hormones, are more critical than 

external factors in directing early maize growth. Indeed, 

this is the case for many plants growing under xeric 

conditions in tropical and subtropical settings. 

It is hypothesized that increasing emphasis on maize 

agriculture by prehistoric Mogollon in the Southwest was the 

product of two factors. First, regularly available summer 

moisture coincided with the physiological requirements of the 

maize plant. Second, inherent characteristics of the maize 

plant made it attractive for human use. The consistent 

availability of moisture during the summer rainy season over 

much of the central and southern Southwest meant that critical 

climatic and nutrient requirements could be met and, in many 

cases, with minimal efforts. It follows from this that maize 

became a highly predictable producer of grain and seed. 

Groups emphasizing the plant merely had to ensure that crops 

received water and nutrients at the proper time; that is to 

say, as the plant entered flowering and fruiting stages. 

within the American Southwest the nature of summer climate 

significantly contributed to success in these last two growth 

stages. 

Figures 6.1 and 6.2 are contour maps showing average 

winter (November to April) and summer (May to October) 
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Contour Map of Winter Moisture Amounts for Seven 
Climate Regions in the Central and Southern 
Southwest. 



Figure 6.2 
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Contour Map of Summer Moisture Amounts for Seven 
Climate Regions in the Central and Southern 
Southwest. 
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precipitation for seven different climate regions in the 

Southwest over a ninety-one year period (1895-1986). In 

examining these figures one salient aspect of climate can be 

noted. That is, winter and summer moisture regimes for 

northern mountain areas of western New Mexico and eastern 

Arizona are significantly higher than those in surrounding 

regions. Figure 6.3 illustrates, however, how misleading 

strict use of average values can be for gauging the temporal 

predictability of available moisture during winter and summer 

seasons. This last figure, in fact, points to a year-to-year 

regularity, or predictability, in summer moisture not seen in 

winters. In examining this last figure it will be noted that 

erratic winter moisture supplies have predominated in all 

seven climate regions. This last figure is based on z-scores 

for the amount of seasonal precipitation received during one 

year compared with the overall average for ninety-one years of 

record. This last figure reveals that while winter and summer 

moisture amounts have been roughly equivalent for the last one 

hundred years across much of the central and southern 

Southwest, temporal predictability in the incidence of 

seasonal moisture radically differed. For all climate 

regions, as a matter of fact, year-to-year summer moisture 

supplies have been highly consistent. In contrast, winter 

moisture supplies were highly unpredictable from one year to 

the next. In spite of the fact that some winters exhibited 
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elevated moisture amounts, most had amounts closer to, or 

below, the ninety-one year average. 

It is clear that average winter moisture amounts in all 

climate regions examined were products of elevated winter 

moisture amounts in some years when averaged with otherwise 

low year-to-year values. Such averaging of high and low 

winter moisture extremes creates the appearance that winter 

moisture amounts have been equivalent to summer amounts. 

However, it is clear that when it came to the predictability 

in bi-seasonal moisture amounts, situations dramatically 

differed. Figure 6.3 reveals that summer moisture over this 

ninety-one year period have been highly regularized from one 

year to the next. At the same time, it indicates that winter 

moisture amounts have been highly unpredictable from one year 

to the next. 

The foregoing information makes it apparent that for much 

of the prehistoric Mogollon region, at least over the last 

ninety-one years, predictable and elevated summer moisture 

supplies have prevailed. Winter moisture supplies have, 

alternatively, been erratic from one year to the next; 

characteristic low amounts have varied with unusually high 

amounts. If a similar patterning in bi-seasonal moisture 

characterized the Mogollon region in the past, it is not 

difficult to see how climate promoted adoption of maize 

agriculture. Moreover, it is not difficult to see how it 
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encouraged intensified productive efforts. Before addressing 

these last topics, however, it is important to document the 

basis for believing the bi-seasonal patterning in climate 

identified for the modern era operated in the past. 

Pollen spectra from dated contexts in deserts, 

grasslands, and mountains of the Southwest all point to the 

pervasive nature of a bi-seasonal patterning in climate like 

that identified. Pollen assemblages from diverse environments 

indicate a relatively stable patterning in biota over the last 

3000 to 4000 years. This consistency in biotic composition 

across divergent Southwest environments points to a 

consistency in synoptic operation of climate over the last 

3000 to 4000 years (Van Devender 1980; Van Devender and 

Spaulding 1979; Van Devender and Wiseman 1981; Van Devender et 

al. 1986; also see James 1969). What this actually means is 

that the bi-seasonal patterning in climate seen today is not 

radically different from what prevailed over the last three to 

four millennia. In other words, pollen data indicate that the 

last 3000 to 4000 years were characterized by consistent 

summer moisture supplies alternating with erratic winter 

moisture supplies. 

This is not to suggest summer moisture supplies 

throughout the central and southern Southwest were always 

elevated, and always consistent, over the last three to four 

thousand years. Such a position could not be supported 
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because climatologists are aware of contemporary variability 

factors that greatly influence seasonal moisture amounts in 

the Southwest. At the same time, there is good reason to 

believe a wider range of variability factors existed in the 

past than modern climatologists can track (Bradley 1976; 

Fritts 1976; LaMarche and Fritts 1973). These factors, 

moreover, would have influenced past moisture amounts on both 

an annual and seasonal basis. 

It is the conclusion that a bi-seasonal patterning in 

climate was pervasive over much of the central and southern 

Southwest over the last 3000 to 4000 years. In addition, it 

is the view that this patterning in climate involved elevated 

and consistent summer moisture supplies alternating with 

temporally erratic, and typically low, winter moisture 

supplies. The temporal and spatial characteristics of winter 

and summer moisture in the central and southern Southwest are 

outlined as follows (Mitchell 1976): 

Summer Moisture 
Availability 

High temporal 
predictability, 
high spatial 
variability 

Winter Moisture 
Availability 

High temporal 
unpredictability, 

low spatial 
variability 

Briefly, it is important to explore how these characteristic 

aspects of past climate, especially those pertaining to 

summer, influenced sUbsistence in the central and southern 

Southwest. 
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Throughout this broader region of the American Southwest 

highly unpredictable winter moisture amounts combine on an 

annual basis with rain-poor springs and high velocity winds. 

The result is a depletion of residual soil moisture. In light 

of these factors, studies of modern maize suggest that the 

maize plant first developed in environments where it was 

normal for irregular, and minimal, moisture to be available 

during earliest growth stages. The maize plant is thus not 

reliant on the presence of much residual soil moisture to 

assist with earliest growth stages. At the same time, it is 

obvious maize underwent earliest development in places where 

moisture was consistently available during the hottest months 

of the year. That is to say, at times when both water and 

nutrients would be available to assist reproduction and 

growth. These two conclusions lead to a series of corollary 

thoughts relevant to the hypothesis being developed. 

Maize evolved in tropical or subtropical latitudes of the 

western hemisphere where the availability of winter-time 

moisture was not regularized. More important, maize developed 

in southern latitudes where summer-time moisture was 

consistently available during the hottest months of the year. 

In other words, early maize was a tropical cUltigen whose 

physiological needs were intricately tied to the most 

regularized, and therefore the most predictable, climatic 

conditions. Presumably, once maize diffused to the American 
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Southwest its physiological needs did not alter; these were 

genetically established. Simply put, maize could be placed 

anywhere on the southwestern landscape where its needs could 

be met. On entry into the American Southwest maize still 

needed heat for germination. At the same time, it needed 

moisture and critical nutrients coincident with pollination. 

Once these requirements were met, however, the plant held 

potential for being a highly productive food source year after 

year. Its seed crop was also storable. The maize plant's 

most critical physical needs coincided with the regular 

availability of summer moisture. Here, again, predictable 

summer moisture regimes in the central and southern Southwest 

conferred selective advantage on the maize plant over other 

available food plants. This coincidence of plant requirements 

and regularized aspects of summer climate was also integral in 

conferring selective advantage when it came to resource 

intensification. 

Given the climatic and nutrient requirements of the maize 

plant, when combined with the foregoing view of how 

prehistoric maize articulated with climate and environment in 

the Mogollon region, the archaeological and drought records 

for two Mogollon areas can be re-examined. These records are 

examined, first, to identify periods when increased, as well 

as decreased, emphasis on maize agriculture should have 

occurred. Ultimately, these findings are evaluated in a 
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broader theoretical context using the Anasazi behavioral 

model. 

Mogollon Initiation 
(A. D. 200-600) 

Mimbres and Pinelawn-Reserve Areas 

For the Mimbres and Pinelawn-Reserve areas of New Mexico 

summer drought chronologies start, respectively, near the end 

of the Mogollon Initiation phase and at the end of this phase 

(Chapter 5). As a result, the focus is on the Mimbres area. 

The Mogollon Initiation phase in the Mimbres area begins 

with the appearance of Early pithouse period villages (A.D. 

200-550/700s). Settlements are placed in physically isolated 

locations. That is to say, in upland mountain settings not 

considered optimal for human use. Explanations regarding 

settlement in the Mogollon area during the Early pithouse 

period have tended to focus on defensive needs. 

Alternatively, site selection at this time can be viewed from 

the vantage point of climate and agriculture in the mountains 

of southwest New Mexico. The evidence presented in Chapter 5 

indicates that occupants of Early pithouse villages in the 

Mimbres Valley practiced agriculture. As such, village 

placement during the Early Pithouse period, at least in this 

part of the Mimbres area, was probably dictated by climatic 

factors relevant to agriculture. 
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For the Mimbres area during the A.D. 500s the surruner 

drought chronology points to a time of abundant moisture and 

diminished drought. upland village locations would have been 

preferential for agriculture because of orographic uplift of 

air. That is, the upward movement of air in mountain areas of 

the Southwest during both winters and surruners delivers more 

precipitation to higher mountain areas than to lower ones 

(Sellers 1960; Sellers and Hill 1974). consequently, early 

Mogollon agriculturalists selected site locations where the 

highest and most predictable summer moisture amounts would be 

found. Given the previously underscored climatic and nutrient 

requirements of maize, settlement in high upland zones of the 

Mimbres area can be viewed as a strategy to help insure 

elevated maize producti vi ty levels. The surruner drought 

chronology for the Mimbres area during this time period points 

to a protracted period of diminished, almost non-existent, 

drought. Under these climatic conditions the critical 

requirements of the maize plant were easily met in upland 

mountain locations of southwest New Mexico. 

In any discussion of the climate parameters relevant to 

early agriculture in the Mogollon highlands an important 

variability factor in surruner rainfall must be stressed. 

Moreover, this particular variability factor may account for 

a major settlement shift from upland to lowland zones by the 

end of the Early pithouse period in the Mimbres area. It 
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might also account for the same kind of settlement shift in 

the Pinelawn-Reserve area at a later time. 

In many areas of the Southwest extremes in the spatial 

distribution of summer rain may occur. Contemporary studies 

in the central and southern Southwest reveal that the 

distribution of rainfall is not always uniform over the 

landscape, and may concentrate in relatively discrete 

locations during certain summers. 

alternatively, summer rainfall may 

During other summers, 

be spread out over 

numerous, seemingly random, point locations (McDonald 1958, 

1960; Mitchell 1969; Jetton 1962; Jetton and Woods 1963). In 

the past, spatial variations in the distribution of summer 

rain likely gave rise to conditions prohibiting successful 

agricultural production. 

In the case of the first summer rainfall scenario 

outlined, spatial variations in the distribution of summer 

rain could bring much of an area under drought because 

rainfall concentrated in discrete locations. In compounding 

this last problem further, what if rainfall concentrated in 

places where agricultural fields were not typically located 

when summer rains were more uniform over the landscape? In 

the case of the second summer rainfall scenario, spatial 

variations in the distribution of summer rain could mean 

moisture remained spread out over a broad rainfall catchment, 

with rain being delivered at unpredictable points from one 
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In either case, a degree of 

uncertainty must have arisen over how abundant or consistent 

summer rain would be from one growing season to the next. As 

a result, early farmers in the central and southern southwest 

likely adopted strategies to offset the potential for spatial 

variations in summer rain that could adversely impact 

agriculture. 

One strategy used to offset potential agricultural 

disasters involved field placement in as many different 

locations as possible. Historically, this strategy was used 

by the Hopi in order to deal with the potential for summer 

rainfall on the plateaus to be spread out over unpredictable 

point locations during anyone summer (see Hack 1942). This 

strategy would have provided optimal spatial coverage over a 

widespread rainfall catchment zone during summer. However, 

given the potential for summer rain to concentrate in certain 

physiographic locations many fields would not receive direct 

rainfall. As a result, these fields would be under-productive 

or completely devoid of return. 

Another strategy to offset the potential that spatial 

variations in the distribution of summer rainfall might 

adversely impact agriculture likely involved cultural 

buffering mechanisms. That is to say, cultural response 

systems were likely necessary that could mobilize agricultural 

efforts during years associated with optimal summer moisture 
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conditions to maximize returns. At the same time, communal 

storage facilities could be established to be used in 

subsequent summers when erratic summer moisture conditions 

developed. In these last terms, cultural buffering mechanisms 

(Jorde 1979) became formalized in order to offset vagaries in 

agricultural outputs due to variations in the spatial 

distribution of summer rainfall. 

A third strategy was used by early Mogollon to offset 

spatial variations in the distribution of summer rain. This 

strategy involved moving agricultural fields to low mountain 

locations where larger, and better organized, communities 

could optimize mountain rainfall runoff catchments. In spite 

of the fact that summer rainfall can concentrate in certain 

locations within an area, or be distributed among random point 

locations during the course of a single summer rainy season, 

eventually aggregate water supplies will be available at the 

mouths of mountain drainages. Given the effect of orographic 

uplift of air in mountain areas of the Southwest, regardless 

of the nature of rainfall distribution in anyone year, more 

rain will be delivered to the mountains than to surrounding 

lowlands. Consequently, mountain populations could situate 

fields where aggregate mountain rainfall runoff would 

eventually be available. In other words, they could establish 

settlements adjacent lower mountain floodplain where mountain 

rainfall runoff might be maximized. At the same time, 
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agricultural production would have been enhanced in lower 

mountain settings as a result of access to deeper, and more 

permeable, soils in developing floodplain. Soils in these 

latter locations would have been naturally enriched by the 

presence of nutrients derived from decaying organic matter. 

It is evident, according to this last summer rainfall 

strategy, that agricultural fields and settlements could be 

moved to lowland mountain settings. The view here is that 

shifts into lower mountain resource zones were made by 

Mogollon to maximize benefits derived from focused emphasis on 

maize agriculture. During the mid-SOOs in the Mimbres area, 

at least in the Mimbres Valley, new pithouse villages appear 

in low mountain settings along the valley's main waterway. 

Settlement in the valley remained stable in these lowland 

locations for almost four hundred and fifty years. Despite 

this continuity, village placement and dwelling architecture 

would change. Interestingly enough, in the Pinelawn-Reserve 

area at a somewhat later date a shift from isolated upland 

villages to nuclear communities in lower mountain settings 

occurred (during the late-A.D. 700s/early-800s). Together the 

shifts in settlement in these Mogollon areas are viewed as 

moves from higher to lower mountain settings. In the case of 

the Mimbres Valley it is thought that Mogollon groups were 

trying to intensify efforts at agricultural production. In 

the case of the Pinelawn-Reserve area, alternatively, it is 
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thought that groups were trying to maintain existing 

productivity levels when it carne to agriculture. 

According to the summer drought chronology for the 

Mimbres area the latter half of the sixth century was, as 

would be the case through most of the seventh, a time of 

diminished summer drought. Given this, along with the 

archaeological record for the Mimbres area during this two 

century interval, it can be posited that the persistence in 

optimal summer moisture encouraged mountain Mogollon to 

increasingly emphasize maize agriculture. In turn, resource 

intensification likely promoted localized population growth in 

many upland mountain communities; this would have resulted 

from a need to expand local population group size in order to 

create larger labor forces (see Powell 1989:187). In other 

words, consistent optimal summer moisture conditions created 

inducements for groups living in Early pithouse villages. 

First, to focus emphasis on plants, like maize, showing 

favorable responses to drought-free summers. Second, natural 

and cultural processes combined to encourage population 

expansion and growth at upland villages. Finally, all three 

factors coalesced to promote pithouse village relocation into 

lower mountain resource zones. 

In summary, archaeological evidence points to two major 

settlement shifts in the Mimbres area during the Early 

pithouse period. The first shift, characterized by population 
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movement into uplands, saw groups establishing villages in 

higher mountain locations. It is the view that settlement 

selection, at least for the Mimbres Valley, was motivated by 

the desire to establish agricultural fields in higher mountain 

locations where summer moisture conditions were optimal. 

A second major settlement shift took place in the Mimbres 

area before the end of the Mogollon Initiation phase (i.e., 

before A.D. 600). This time, however, villages were moved 

down into lower mountain settings. This shift took place as 

a steadily increasing prehistoric population actively sought 

to take advantage of broader summer runoff catchments and 

deeper, more permeable, lowland mountain floodplain. This 

behavior is viewed as a calculated decision on the part of 

Mimbres Valley Mogollon to increase agricultural outputs. 

Nature of Alliance Networks and Horizon Summary 

For the Early pithouse period in both the Mimbres and 

Pinelawn-Reserve areas questions regarding the nature of 

alliance networks are difficult to address. Quite simply, 

insufficient archaeological data exists to adequately address 

these topics. However, some relevant observations can be 

made. 

From the data available it is possible to conclude that 

population group size in the Mimbres area during the Early 

pithouse period remained small until quite late. It is also 
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obvious that human group size in the Pinelawn-Reserve area 

remained subdued throughout the Early pithouse period, as well 

as during the earliest portion of the next phase: the Late 

pithouse period (A.D. 700s to 1000). The most complete 

picture of past climate in the Mogollon region during the 

Initiation horizon comes from the Mimbres area. 

The summer drought chronology for the Mimbres area during 

the Early pithouse period indicates a time of optimal summer 

moisture. Combined with the archaeological record for the 

area, it can be concluded that while some of the area's 

population remained settled in upland zones in the Mimbres 

Valley, other groups maintained broader territorial ranges 

throughout the mountains. At the same time, Mogollon were 

settling throughout adjacent lower elevation zones. In some 

cases, these lowland settlements were quite some distance from 

the Mogollon highlands. Across most of southwest New Mexico 

at this time conditions for agricultural production were 

optimal. Subsequent aggregation in upland Early pithouse 

period villages, such as the Mimbres Valley, emerged as a 

means of maximizing productive potential through 

intensification in maize agriculture. Overall, however, 

population aggregation in upland villages with increased 

emphasis on maize agriculture did not emerge as a widespread 

lifeway in southwest New Mexico. This particular process was 

likely initiated in locations where optimal summer moisture 
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conditions and elevated population numbers combined to 

encourage increased food outputs. Given the excellent summer 

moisture conditions prevailing in the mountains of southwest 

New Mexico at this time, other Mogollon were exploiting a 

variety of resource zones. 

It is interesting to note that ceramics in the Early 

pithouse period remain remarkably uniform throughout southwest 

New Mexico and adjacent regions' where early brownware and 

redware assemblages are found. The few tradewares associated 

with early Mogollon sites in mountain areas of the central 

Southwest indicate connections with ceramic styles found in 

southeast Arizona (Wheat 1955), as well connections with 

Hohokam pottery in southern Arizona (Haury 1936). An earlier 

reported paleo-climatic reconstruction for the Southwest 

indicated that for most of the Southwest the A.D. 500s through 

the 700s represented a time of elevated moisture and highly 

stable environment (Irwin-Hayden and Haynes 1979). It is 

conceivable that climatic uniformity, associated with overall 

optimal moisture conditions, may account for the direction in 

trade and alliance formation for Mogollon during the Early 

pithouse period. These favorable environmental conditions, it 

is thought, would have been integral in promoting adoption of 

similar adaptive patterns and strategies across diverse 

cultural settings throughout a broad portion of the Southwest. 

These favorable environmental conditions, when combined with 
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general similarities in human adaptive arrangements, would 

have been highly conducive to interaction over broader parts 

of the central and southern Southwest. 

The 

Mogollon Expansion and Differentiation 
(A.D. 700-1150) 

beginning of the Mogollon Expansion and 

Differentiation period in most Mogollon areas dates to the 

A.D. 700s. By the 700s in the Mimbres area, however, this 

phase had been ongoing for nearly one hundred and fifty years. 

As previously noted, by the mid-500s in the Mimbres Valley 

pithouse villages moved from uplands to lower mountain 

settings near the valley's main waterway. Optimal summer 

moisture conditions during the later half of the sixth century 

promoted higher population extremes and greater emphasis on 

agricultural SUbsistence routines in many upland locations. 

Population extremes in upland zones coincided with increased 

agricultural outputs within the valley. Subsequent settlement 

shifts from mountain uplands to lowlands may have related to 

changing subsistence practices. This shift, it is thought, 

afforded Early pithouse period occupants greater access to 

broad mountain rainfall runoff catchments and larger tracts of 

arable land. By the end of the Early pithouse period the 

carrying capacity limits of the Mimbres Valley uplands were 

being stressed, possibly forcing groups to broaden their 
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agricultural territories to meet increased food demands. 

Archaeological evidence for the Pinelawn-Reserve area 

(beginning in the mid-to late-700s) points to settlement 

shifts from higher to lower mountain settings. These shifts, 

however, were not a response to optimal summer moisture 

conditions but, rather, to a reduction in good summer moisture 

conditions. The drought chronology for the Pinelawn-Reserve 

area during the 600s and 700s indicates a time of protracted 

summer drought. The pervasive nature of drought over this two 

century interval may have significantly influenced Mogollon 

settlement throughout the mountains of west central New 

Mexico. Not surprisingly, archaeological evidence from many 

areas indicates population under-use, or Early pithouse period 

abandonment. Moreover, in those areas of the mountains where 

occupations were maintained, population numbers remained 

depressed. 

Mimbres Mogollon Area 

For the Mimbres area during the Late pithouse period 

(beginning ca. mid- to late-SOOs and lasting until the A.D. 

1000s) a period of sustained population growth is documented. 

Villages in the Mimbres valley were located in lower mountain 

zones next to primary water courses. By the end of the Late 

pithouse period in the Mimbres Valley population expansion 

resulted in the appearance of some of the largest pithouse 

communities to ever appear in southwest New Mexico. It is 
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inferred that during the Late pithouse period maximum 

population levels were attained within the Mimbres Valley. 

These higher numbers were maintained through the 1100s (Blake 

et al. 1985). 

It is no coincidence that the drought chronology for the 

Mimbres area from the mid-SOOs through the 800s points to a 

time of prolonged optimal summer moisture. This long episode 

of optimal summer moisture contributed to the behavioral 

patterns 

period. 

inferred for the Mimbres area during this time 

As already noted, the settlement shift of the sixth 

century in the Mimbres Valley was part of a broader process 

involving intensification in agricultural production. By the 

end of the Early pithouse period, upland agricultural villages 

had reached threshold limits in carrying capacity within 

resource-limited upland zones. As a result, movement into 

lower mountain settings resulted in expanded rainfall runoff 

catchments. At the same time, large tracts of floodplain were 

opened up for CUltivation. Continued elevated summer moisture 

patterns encouraged this increased labor investment in 

agriculture. Such an increase, in turn, promoted population 

aggregation in lowland pi thouse communities. These 

communities would, as a matter of fact, be maintained from the 

sixth through the twelve century. 

It is important to note that population build-up in the 

Mimbres area during the Late pithouse period was not a strict 
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function of local population growth (as it was concluded by 

Blake et ale 1985). Alternatively, population increase in 

southwest New Mexico at this time may have been as much a 

function of group consolidation into smaller regions. This 

was a time of regular, and persistent, summer drought in more 

northern mountain areas of the Mogollon highlands. 

Alternatively, for the more southern mountain areas this was 

a time of increased summer moisture and diminished drought. 

For the Mimbres area during the 900s, as well as during 

the 1000s, summer drought attained an all-time high. As a 

matter of fact, the longest back-to-back drought interval to 

ever occur during the prehistoric era was associated with this 

latter century. During both centuries, there were repeated 

two and three year back-to-back drought intervals and, by the 

eleventh century, overall drought frequencies were elevated. 

For these two centuries optimal summer moisture years attained 

all-time lows. 

Given the higher population levels projected for the 

Mimbres area by the tenth and eleventh centuries along with 

efforts to maintain elevated agricultural outputs, certain 

resource stresses likely resulted. Granted, summer drought 

increases during the 900s and 1000s in the Mimbres area were 

not dramatic. However, when combined with the kinds of 

population numbers suggested for places like the Mimbres 

Valley (Blake et al. 1985), drought increases were likely 
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Such stress would have been 

exacerbated without buffering mechanisms, such as alternative 

means of food production. 

It is conceivable that the infrequent nature of summer 

drought in the Mimbres area prior to the tenth century 

fostered prehistoric economies placing little emphasis on 

maintaining buffering mechanisms. Environmental stress 

exaggerated by summer drought in the Mimbres area was near 

nonexistent for all of the Early pithouse period and most of 

the Late pithouse period. As a result, there was probably 

little incentive to establish buffering mechanisms that could 

offset food shortages. Eventually, however, Mogollon 

residents of the Mimbres Valley in southwest New Mexico faced 

burgeoning population levels and increased summer drought. 

Resource stress was likely responsible for invoking 

significant modifications in adaptive behavior. 

The Mimbres Valley provides a good illustration of the 

response to increased population and higher levels of summer 

drought during the 900s and 1000s. This response appears to 

have been fourfold. First, population aggregation at certain 

village locations in the Valley, along with a shift from 

pithouse to pueblo construction, resulted. Second, the 

creation of new, but much smaller, habitations sites along the 

margins of the valley occurred. Third, small village 

settlements were established in uplands some distance north of 
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the Mimbres Valley. Last, but by no means least, social 

relations with Mogollon Pueblo were intensified. This latter 

cuI tural group was appearing with growing frequency throughout 

mountainous areas of west central New Mexico and east central 

Arizona by the tenth and eleventh centuries. 

Unfortunately, the summer drought chronology for the 

Mimbres area ends by the early 1100s. As a result, it is 

impossible to determine whether drought became a direct factor 

in the Mogollon Pueblo abandonment of the Mimbres valley. It 

is possible that increases in summer drought between 900 and 

the 1000s probably depleted existing resources, creating 

shortages in the valley. Abandonment may have resulted from 

the combined effects of an elevated population base, extensive 

land-use practices, and tenuous summer moisture conditions. 

Fortunately, the drought chronology for the Pinelawn-Reserve 

area extends beyond the 1100s, and this extension is used to 

approximate Mogollon responses in abandoning the Mimbres area. 

The last major settlement shift in the Mimbres area 

occurred during the Classic period (A.D. 1000-1150). As noted 

above, this shift involved several, apparently related, 

processes. This trend in settlement reflected a maximum 

economic emphasis on agriculture in the Mimbres Valley during 

the Classic period. The northern extremes of the Mimbres area 

between the 1000s and lIDOs evidence small Classic period 

villages in high mountain locations next to seasonal 
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drainages. These locations afforded limited stretches of 

mountain floodplain (as Graybill 1973 noted in the Gila 

Wilderness area). 

margins of the 

The appearance of this pattern on the 

Mimbres Valley mirrors a contemporary 

orientation in agricultural intensification within the valley 

proper. Blake et ale (1985) infers that intensified 

agricultural practices in the Mimbres Valley began well before 

the Late pithouse period. This is based on the hypothesis for 

the Mimbres Valley that an ever increasing population during 

the Late pithouse period required an expanded commitment to 

agriculture just to insure population survival. When the 

Blake et ale (1985) hypothesis is combined with evidence for 

persistent 10th and 11th century drought the limits to Classic 

period agriculture are defined. As a result, a period of 

gradual, but sustained, population abandonment ensued. 

Pinelawn-Reserve Area 

The summer drought chronology for the Pinelawn-Reserve 

area during the 600s and 700s points to a time of protracted 

drought. The extremes in drought noted for this area would 

have inhibited even modest population increases. Any increase 

was likely responsible for resource shortages and attendant 

stresses. Elsewhere, this period was a time when many 

mountain areas of west central New Mexico were intermittently 

used by Mogollon. This pattern underscores the severity of 
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protracted summer drought in these mountain areas. 

As it was the case for the Mimbres area during the Early 

pithouse period (A.D. 200s to 600s), higher mountain locations 

in west central New Mexico were probably initially selected 

because of certain climatic benefits afforded agriculture. 

During the seventh and eighth centuries, however, degraded 

sununer moisture conditions were pervasive in many mountain 

areas of west central New Mexico. As a result, agricultural 

groups occupying upland villages were faced with temporally 

unpredictable summer moisture supplies. As such, if 

populations were to remain in areas effected by drought 

adaptive adjustments, or agricultural buffering mechanisms, 

were required. 

The 600s and the 700s in the Pinelawn-Reserve area were 

not associated with this period of Mogollon Pueblo 

abandonment. Rather, the shift in pithouse village placement 

from higher to lower mountain locations did occur. The 

movement of villages from higher to lower mountain zones at 

this time has been linked to two factors. First, this period 

coincided with prolonged sununer drought as evidenced for 

mountain areas like the Pinelawn-Reserve. Second, settlement 

shifts represented Mogollon efforts to maintain an existing 

agricultural base. Given the prevailing climatic 

circumstances the move to lower mountain settings would have 

maximized summer rainfall runoff catchments. 
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In the Southwest lower mountain catchments naturally 

increase after summer rains. More water flows into lower 

mountain drainages from higher upland areas than flows through 

a single upland drainage. As previously noted, cool and moist 

summer-time air naturally flows into the Southwest. Once this 

air is over mountainous areas of the Southwest, orographic 

uplift increases possibilities for summer rainfall at higher 

and higher elevations. If physical circumstances limited 

direct rainfall within lower mountain settings, or delivered 

erratic supplies, drought conditions developed. Therefore, 

the increased potential for rain in higher mountain settings 

meant that at least a quantity of aggregate rainfall runoff 

would flow into the lower mountains. The ideal location would 

reflect these lower mountain zones next to broad alluvial 

drainages. During the Late Pithouse period in the Pinelawn

Reserve area settlement shifted to these lower mountain zones 

so people could maximize available surface water at a time 

when direct summer rain was temporally erratic. 

In summary, it is the conclusion that the shift in 

settlement from uplands to lowlands during the Late pithouse 

period in the Pinelawn-Reserve area was a direct result of 

elevated summer drought during the seventh and eighth 

centuries. If this protracted period of drought coincided 

with a substantial population that had grown before drought 

conditions arose, it is not hard to imagine the appearance of 
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resource shortages once this drought cycle unfolded. As a 

result of resource shortages Mogollon groups relocated to 

lower mountain zones where reliable summer runoff could be 

found. As was the case in the Mimbres Valley, these lower 

mountain settings contained broader tracts of arable 

floodplain. However, given the protracted nature of summer 

drought over these two centuries, it is unlikely Pinelawn

Reserve Mogollon were able to expand agriculture much beyond 

the confines of primary drainages. 

By the 800s and 900s there is evidence for renewed 

Mogollon use of more northern mountain areas in west central 

New Mexico. Interestingly enough, this reuse is coincident 

with evidence for a steady decrease in the frequency of summer 

drought for this part of New Mexico. It is clear from the 

summer drought chronology for the Pinelawn-Reserve area that 

summer moisture conditions significantly improved in the 

mountains of west central New Mexico by the A.D. 800s. This 

cycle in improved summer moisture conditions would persist in 

the mountains through the 900s. By the A.D. 1000s, this cycle 

would climax in a near drought-free century. The reuse of 

mountain areas of west central New Mexico by Mogollon groups 

as early as the 800s had important developmental consequences. 

By the beginning of the eleventh century in the Pinelawn

Reserve area, this release in summer drought culminated in a 

climatic situation never before seen in this part of New 
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Mexico. NOw, and at least for the next one hundred and thirty 

to one hundred and fifty years, summer drought was almost 

nonexistent. For most of the eleventh century, and the first 

three or four decades of the twelfth, back-to-back summer 

drought intervals were diminished. Figure 6.4 provides fifty 

year breakdowns of summer drought for the Pinelawn-Reserve 

area during the last three centuries of prehistoric Mogollon 

use. It is noteworthy that for the first two half-centuries 

of the eleventh century, with the exception of a short 

interval in the first half century, optimal summer moisture 

conditions prevailed. At this time, few back-to-back drought 

intervals exceeded two years duration. In the first half of 

the 1100s, a return to the more typical mountain drought 

pattern occurred. In the second half of this century, 

however, summer drought became significantly diminished. 

Alternatively, the thirteenth century was associated with 

prolonged, back-to-back, summer drought and diminution in 

optimal summer moisture conditions. The prehistoric response 

to these variations in summer moisture conditions over the 

course of these three centuries was significant. 

Throughout mountain areas of west central New Mexico, 

renewed Mogollon use occurred during the 800s and 900s. This 

renewed use overlapped with a noticeable increase in Late 

pithouse period occupations in these areas. By the A.D. 1000s 

small unit-pueblos appeared across diverse mountain zones in 
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west central New Mexico and adjoining parts of east central 

Arizona. Did the appearance of these latter kinds of sites 

reflect the expansion of Anasazi out of traditional ranges on 

the southern Colorado Plateaus? It is the view that it did, 

signalling the beginning of a new cultural entity. This 

entity was Mogollon Pueblo, and climatic circumstances greatly 

facilitated development. 

The prolonged release of summer drought in the northern 

mountains of west central New Mexico between the 800s and 

1100s opened vast areas of mountain territory for use by both 

Mogollon and Anasazi. Moreover, both cultural traditions were 

taking full advantage of diminished summer drought as part of 

broader developmental responses directed at increased 

subsistence emphasis on maize agriculture. Northern mountain 

areas in west central New Mexico and adjoining Arizona became 

integral in the development of Mogollon Pueblo by the end of 

the tenth century. This is seen in most northern mountain 

areas of west central New Mexico by the Reserve phase. This 

phase constituted a clear blending of SUbsistence practices, 

architectural forms, and other material traits earlier 

associated with separate Mogollon and Anasazi traditions. 

Nature of Alliance Networks and Horizon Summary 

During the first two centuries of the Late pithouse 

period in the Mimbres area (A.D. 600s and 700s) summer drought 
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predominated in the northern mountain areas. The summer 

drought chronology for the Pinelawn-Reserve area indicates the 

seventh and eighth centuries were times of persistent summer 

drought punctuated by back-to-back intervals lasting three, or 

more, years. Archaeological evidence, not surprisingly, 

points to general Mogollon under-use of more northern mountain 

reaches of west central New Mexico at this time. This 

evidence further demonstrates that wherever Mogollon remained 

in these mountain areas, significant behavioral adjustments 

occurred. These adjustments stood as behavioral responses to 

summer drought and resource stress. At the same time, the 

evidence from the Mimbres area points to optimal summer 

moisture conditions, population growth, and expansion. 

In is concluded that degraded summer moisture conditions 

in the more northern mountain areas of west central New Mexico 

during the 600s and 700s contributed to population build-up in 

southwest New Mexico. While the northern portion of the 

Mogollon region suffered diminished and erratic summer 

moisture supplies during this period in the south, 

alternatively, summer drought was at an all-time low. As a 

result, southern environmental conditions may have influenced 

northern Mogollon to migrate south and join already 

established communities in southwest New Mexico. NOw, summer 

moisture conditions were optimal, and they would remain this 

way for some time to come. 
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In summary, population growth during the Early pithouse 

period in the Mimbres area created need to increase food 

supplies, which coupled with increased moisture availabilities 

and increased arable lands in low mountain settings. Shortly 

thereafter, summer drought became pervasive throughout 

northern mountain areas of west central New Mexico. These 

conditions contributed to Mogollon abandonment of many of 

these latter areas, encouraging resettlement closer to, or 

within, the Mimbres Valley. As a result, population became 

packed into key resource zones in southwest New Mexico. 

Beginning in the 700s, and continuing through the 800s, 

summer moisture conditions in the Mimbres area remained 

stable. The persistence in optimal summer moisture conditions 

at this time encouraged prehistoric population growth and 

expansion throughout southwest New Mexico. Simply put, during 

the earliest intervals of Mogollon development climate never 

presented limits to population expansion or efforts to 

intensify agricultural production. These favorable 

environmental circumstances in the Mimbres area were combined 

with Mogollon movements from the north to set the stage for a 

protracted period of sustained population growth and general 

cultural stability. This stability in southern Mogollon 

expression was associated with high population numbers, 

village aggregation, and an ever growing need to expand and 

intensify agricultural production. 
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By the tenth and eleventh centuries blending of mountain 

Mogollon and plateau Anasazi is evident in west central New 

Mexico. This blending, in turn, fostered alliance networks 

which Mimbres Mogollon would become intricately linked to by 

the A.D. 1000s. The impetus for regional interaction may have 

been based on environmental degradation. Summer drought in 

the Mimbres area by this century attained its highest 

prehistoric level and, at the same time, prehistoric 

population numbers in the Mimbres Valley attained all-time 

highs. 

It is inferred that residents of southwest New Mexico 

became part of a widespread Mogollon Pueblo network involving 

the exchange of material goods and marriage partners. This 

interactive region included more northern mountain areas of 

west central New Mexico and adjoining parts of Arizona. The 

summer drought chronology I as well as the archaeological 

records for more northern mountain areas in western New 

Mexico, provide a basis for better understanding these links. 

By the A.D. 800s, previously under-used portions of west 

central New Mexico were opened up for human use by the 

initiation of a long cycle in diminished summer drought. From 

the 800s on, growing population numbers increased in places 

like the Mimbres valley to the south. However, by the 9005 

and 1000s summer drought in the Mimbres Valley attained an 

all-time prehistoric high. It is suggested that Mogollon 
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groups residing in southwest New Mexico during the Late 

pithouse period established close familial ties with Mogollon 

groups that had abandoned northern mountain areas during the 

600s and 700s. Subsequently, the A.D. 800s saw the reopening 

of more northern reaches of the Mogollon highlands as a result 

of diminution in summer drought. As a result, many Mogollon 

began moving to the north where virgin agricultural 

territories could be found. While immigrant Mogollon were 

exposed to, and incorporated within, expanding Mogollon Pueblo 

communities, they still maintained specific trade and exchange 

relations with the Mimbres areas. By the 1000s, Mogollon 

cultural developments in the Mimbres area were eclipsed by 

developments further north. In the north, Mogollon 

developments were increasingly centered on populations 

uniquely characteristic of both mountain Mogollon and plateau 

Anasazi. Nonetheless, population growth in the Mimbres area 

continued uninterrupted through the first one hundred years of 

the Classic period (A.D. 1000 to 1100). So much so, that it 

is apparent population began expanding out of the Mimbres 

Valley. This expansion was the direct result of prehistoric 

population growth combined with continued agricultural 

intensification efforts. The effects in the valley can be 

seen through the following criteria: (1) increased 

population aggregation within large pi thouse villages, (2) 

creation of new settlements on the periphery of the valley, 
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and (3) increased interaction with Mogollon Pueblo living in 

the northern mountain areas of west central New Mexico. In 

summary, these behavioral processes are considered products of 

elevated population numbers and increased agricultural outputs 

in the face of degenerative summer moisture 

Ultimately, increasing summer drought and 

conditions. 

behavioral 

trajectories toward extensive agricultural land-use coalesced 

to exceed carrying capacity limits by the tenth and eleventh 

centuries. Given optimal summer moisture conditions further 

north, an existing Mogollon Pueblo network already linking 

northern and southern mountain regions, most Mimbres Mogollon 

probably migrated north on abandoning southwest New Mexico. 

This shift precipitates a rather significant change in 

the manner mountain areas in west central New Mexico were used 

after A.D. 1000. During the Late Pithouse period this region 

was largely used by Mogollon aggregated in pithouse 

communities in low mountain settings next to permanent water. 

The Reserve phase marks the advent of small unit-pueblos 

throughout every conceivable location of the mountains in west 

central New Mexico. In the preceding period, the Late 

pithouse population base remained largely Mogollon, with only 

minor intrusions by plateau Anasazi, such as in the Forestdale 

Valley of east central Arizona during the A.D. 500s and 700s 

(Haury 1936, 1986). By the Reserve phase, however, plateau 

Anasazi influence among mountain popUlations in west central 
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New Mexico is clearly apparent. 

The union between a Mogollon population and Anasazi 

groups intrusive to mountain areas of west central New Mexico 

formed the basis for Mogollon Pueblo. This union was 

significantly facilitated by ameliorated summer drought 

conditions in northern mountain areas of west central New 

Mexico by the 11th and 12th centuries. By the 1000s 

substantial numbers of Anasazi had settled the southernmost 

extremes of the Colorado Plateaus. Burns (1985) tree-ring 

based crop productivity estimates for several plateau areas 

make it apparent that a sustained degradation of the 

environment characterized much of the plateaus starting in the 

A.D. 700s. These conditions were most significantly expressed 

during the eleventh and twelfth centuries. As a result, 

population and resource stresses on the plateaus led to 

population abandonment • Concomitantly, groups moved along the 

more southern margins of the plateaus (e.g., into the areas 

like the upper Little Colorado River) where access to 

increased moisture was available. While survey data for the 

more southern extremes of the plateaus are not adequate to 

support this last argument, the influx of Anasazi into 

mountain areas of west central New Mexico and east central 

Arizona may be inferred by proximity of the plateaus to the 

mountains. 

In summary, ameliorated summer drought during the 800s 
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and 900s encouraged Mogollon reuse of more northern mountain 

areas of west central New Mexico. At the same time, 

diminished summer drought encouraged expanded use by southern 

Colorado Plateau Anasazi from the A.D. 700s. The widespread 

appearance of unit-pueblos in southwest and west central New 

Mexico during the tenth and eleventh centuries signalled an 

alliance network between Mogollon and Anasazi that would 

integrate both cultural traditions. 

Mogollon Pueblo Reorganization 
(A.D. 1150 - late 1300s) 

The beginning of the Pueblo Reorganization 

horizon in northern mountain areas of west central New Mexico 

(mid-A.D. 1100s) coincides with abandonment of the Mimbres 

area. Developmental emphasis among Mogollon Pueblo shifted to 

higher mountain locations in west central New Mexico and east 

central Arizona. Comments here are confined to west central 

New Mexico. 

Two types of settlement shifts characterized the Mogollon 

Pueblo in west central New Mexico during the Reorganization 

horizon. These shifts are linked to increased population, 

accelerated moves toward community aggregation, expanded 

emphasis on agricultural subsistence, extensive use of 

agricultural lowland mountain zones, and an overall increase 

in summer drought. Eventually, these cultural and natural 
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processes combined to encourage prehistoric abandorunent of 

more northern mountain areas of west central New Mexico. 

Pinelawn-Reserve Area 

The portion of the summer drought chronology for the 

Pinelawn-Reserve area that corresponds with the Pueblo 

Reorganization horizon spans the mid-1100s and covers most of 

the 1200s (i.e., 1130s/1150s to late-1200s). This chronology, 

as previously noted, signals a return to a pattern in summer 

drought reminiscent of the 600s and 700s in more northern 

mountain areas of west central New Mexico. For approximately 

one hundred and fifty years a cycle of summer drought 

associated with increased yearly frequencies and prolonged 

back-to-back episodes continued. In mountain areas of west 

central New Mexico this less than optimal cycle corresponded 

with population movement away from small Reserve phase 

villages and aggregation at larger Tularosa phase communities. 

This late prehistoric cycle in summer drought also 

corresponded with a settlement shift from lower mountain 

resource zones into the uplands. Many new upland villages 

were, moreover, located adjacent high-mountain meadows. 

From the middle 1100s through the next century many 

northern mountain areas of west central New Mexico were 

abandoned. At the mouth of the Pinelawn Valley, a Tularosa 

phase community was established by groups once occupying 
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smaller, dispersed Reserve phase sites (Bluhm 1960). By the 

mid- to late-1200s, however, this community was abandoned. By 

this time, Mogollon Pueblo communities were concentrated along 

more permanent water courses in west central New Mexico. 

Throughout many northern mountain areas of west central 

New Mexico Tularosa phase communities were maintained from the 

mid-1I00s to the mid- to late-1300s. The striking pace of 

Tularosa phase development in the mountains of west central 

New Mexico contrasts with occupation in the preceding phase. 

The question remains one of why small, Reserve phase villages 

coalesced into these larger Tularosa phase communities? Wile 

there is some evidence for early population growth and 

aggregation at Reserve phase sites before the second half of 

the twelfth century this was, by no means, the norm in most 

mountain areas of west central New Mexico. Interestingly, 

this pattern in population aggregation during the Tularosa 

phase is similar to that described during the discussion of 

Mimbres area developments. Given the similarity in cultural 

and environmental development, it may be argued that the 

patterns in the northern mountain areas and the Mimbres area 

were the result of corresponding influences. 

Earlier it was noted that population in the Mimbres 

Valley grew to prehistoric extremes by the A.D. 900s/1000s. 

This coupled with a protracted cycle of summer drought brought 

about population packing in lower elevation mountain 
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communities. Together these processes took place as a single 

buffering mechanism, to better organize labor and pool 

available resources during stressful times. Subsequent 

Classic period population abandonment of the Mimbres Valley 

during the 1000s and 1100s, can then be linked to a broader 

pattern in regional abandonment. Decreased agricu 1 tural 

outputs, degraded summer moisture conditions, and limited 

areas of agricultural expansion were the prime factors 

motivating regional abandonment. By the twelfth and 

thirteenth centuries, similar developmental trajectories 

characterized the mountains of west central New Mexico. 

By the time Mogollon Pueblo in the Mimbres Valley reached 

certain numerical extremes, lower mountain floodplain zones 

were probably being exploited to extremes. Likewise, during 

the twelfth and thirteenth centuries, Mogollon Pueblo in more 

northern mountain areas of New Mexico were probably at numbers 

sufficient to maximize lower mountain floodplain. Beginning 

with a period of protracted summer drought in the second half 

of the twelfth century, however, increased lowland expansion 

was prohibited. At the same time, environmental conditions 

now opened upland resource zones for agricultural uses. 

Consequently, Mogollon Pueblo began establishing new 

agricUltural villages in these areas. However, this practice 

would not be sufficient to support now expanded communities. 

As previously noted, the probabilities of receiving 
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direct summer rain are greater in the higher elevations than 

the lower elevations in mountain areas of the Southwest. In 

times of generally diminished summer rainfall, low mountain 

areas receive rainfall runoff originating in high mountain 

areas although overall supplies are decreased. This means, in 

turn, that rainfall runoff remains confined to primary 

drainage channels. A primary consequence of this runoff 

confinement reflects diminished over-bank flooding and 

truncation of floodplain aggradation (see Dean et ale 1985). 

Consequently, prehistoric groups concentrating agricultural 

pursuits in low mountain areas at these times had to divert 

water from primary drainage channels by way of irrigation, or 

other forms of artificial transport, through the floodplain 

where fields were established. 

Thus, by the latter half of the twelfth century, and 

certainly well into the thirteenth, large tracts of low 

mountain floodplain in more northern mountain areas of west 

central New Mexico were being widely exploited for agriculture 

purposes. However, the prevailing environmental conditions 

over these two centuries created limits to continued 

agricultural expansion in these lowland zones. Nonetheless, 

expanding population bases at many Tularosa phase communities 

necessitated greater production to meet increased food 

demands. As a result, Mogollon Pueblo established new 

settlements in higher mountain locations where new 
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agricultural territories were opened up by conditions 

associated with drought. 

Documented increases in summer drought in northern 

mountain areas of west central New Mexico during the twelfth 

and thirteenth centuries, correspond with protracted episodes 

of mountain forest "die-back", or episodes of forest 

depletion. During diminished summer moisture periods there 

was also a sustained drying out of upland mountain soils. In 

other words, during the twelfth and thirteenth centuries 

drought resulted in diminution of large stands of natural 

woody vegetation in upland mountain resource zones. At the 

same time, increased exposure to heat and diminished moisture 

caused higher mountain soils to dry out, or become better 

aerated. These conditions produced a general reduction in 

competition to, agricultural plants, thus rendering mountain 

uplands optimal for agricultural exploitation. As a result of 

these new environmental conditions, upland mountain settings 

became more attractive for agricultural use. 

Dean and Robinson (1982) illustrate this relationship 

using combined tree-ring based climatic data with other paleo

environmental data from Grasshopper Pueblo in east central 

Arizona. The results document an episode of enhancement 

toward upland mountain agriculture during the prehistoric era. 

In the White Mountains of east central Arizona a period of 

vigorous, and sustained, Pueblo community formation is 
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documented at Grasshopper Pueblo during the Great Drought 

(A.D. 1286-1299; see Reid 1969, Reid and Shimata 1975). 

Prehistoric population growth at Grasshopper overlaps a period 

of drought-induced forest die-back and increased aeration of 

high elevation soils. Not surprisingly, Grasshopper Pueblo is 

located within a high mountain meadow. Dean and Robinson 

(1982), as a result, suggest that the decrease in mountain 

vegetation and increased soil aeration produced by the Great 

Drought in this area, essentially, opened this high mountain 

meadow for increased agricultural exploitation at a time when 

regional population was steadily increasing. 

In summary, protracted summer drought in mountain areas 

of west central New Mexico during the twelfth and thirteenth 

centuries opened-up new zones for human agricultural 

expansion. This process, moreover, occurred at a time when 

climate was probably prohibiting population expansion 

throughout lower mountain resource zones. That is, in places 

where group numbers were sufficiently high to affect carrying 

capacity limits. Alternatively, throughout the high mountain 

elevations probabilities were greater that agricultural fields 

would receive direct summer rainfall, albeit diminished in 

amount. At the same time, the reduced natural plant cover 

opened stretches of fertile mountain soil for farming. The 

settlement shift into upland mountain zones is seen as a 

product of several inter-related natural and cultural 
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processes. These processes included: (1) a protracted 

period of summer drought, (2) population packing and overall 

growth in certain lowland mountain settings in west central 

New Mexico, and (3) a general inability to expand 

agricultural endeavors throughout these lower mountain zone~. 

Simply put, settlements were newly established in upland areas 

as one way of alleviating population and resource stresses 

being felt in lower mountain communities. 

In summary, during a period of protracted summer drought 

Mogollon Pueblo in west central New Mexico underwent rather 

rapid episodes of population aggregation at select locations 

in lower mountain resource zones. As these lower zones were 

further filled, and drought continued, agriculture expansion 

reached lowland limits. Subsequently, new villages were then 

established at higher mountain locations. 

During the tenth and eleventh centuries Mimbres Valley 

residential moves constituted organizational strategies to 

better control labor outputs and expand agriculture in the 

face of degenerate summer moisture conditions. However, these 

strategies proved inadequate to alleviate stress in these 

mountain communities. Thus, by the Classic period mountainous 

areas in southwest New Mexico were abandoned. Ultimately, 

high popUlation numbers, attendant resource stresses, limits 

to further agricultural expansion, and pervasive summer 

drought made areas in more northern mountain areas of west 



179 

central New Mexico increasingly inhospitable to agricultural 

populations. 

Nature of Alliance Networks and Horizon Summary 

By the beginning of the Mogollon Reorganization horizon 

in mountain areas of west central New Mexico the Mimbres area 

was abandoned. The focus in Mogollon Pueblo development now 

shifted to more northern mountain areas in west central New 

Mexico and east central Arizona. In spite of these locational 

changes, a certain continuity in behavioral process was 

maintained. This continuity in behavioral process between 

northern and southern portions of the Mogollon highlands 

related to relocation of Mimbres area populations into more 

northern mountain areas of west central Ne,'I Mexico during the 

tenth and eleventh centuries. The summer drought chronologies 

for these New Mexico areas indicate that different drought 

regimes characterized northern and southern extremes of the 

highlands during these two centuries. As a result, climatic 

differences significantly encouraged population displacement 

at this time. 

During the tenth and eleventh centuries, summer drought 

in the Mimbres area reached an all-time high. At the same 

time, more northern mountain areas of west central New Mexico 

were experiencing greatly diminished summer drought. This 

latter condition thus opened up vast expanses of the mountains 
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in west central New Mexico for use by both Mogollon and 

Anasazi. Following a protracted period of optimal summer 

moisture, however, there was a return to a previous summer 

drought pattern. The twelfth and thirteenth centuries were 

probably difficult times for prehistoric farmers in the 

northern mountains of west central New Mexico. Optimal summer 

moisture conditions during the 1000s and 1100s may have lulled 

resident groups into a false sense of security when it came to 

long-term abilities to sustain continuous population growth 

and consistently expand agricultural outputs. The advent of 

the Reorganization horizon in mountainous areas of west 

central New Mexico clearly corresponds with a return to an 

older mountain drought pattern. It further corresponds with 

changes in specific trajectories relevant to population 

growth, aggregation, and economic orientation. These trends 

in cultural development were not easily reversed. Evidence of 

this is seen in the Tularosa phase with expanding communities 

in lowlands, and new villages being established in upland 

locations. These communities were established in order to 

increase direct access to summer moisture and, at the same 

time, obtain access to open mountain meadows or other tracts 

of virgin arable land. Aggregation in upland zones was 

intended as a means of alleviating population and resource 

stresses in lower mountain communities. In low mountain zones 

agricultural lands were still extensively farmed, although 
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summer drought extremes limited technological expansion. In 

order to offset diminished summer moisture supplies in lower 

settings, new settlements were established at higher 

elevations. These strategies, however, proved inadequate to 

offset the debilitating climatic and environmental conditions 

now prevailing. 

Current archaeological assessments suggest that 

population reached certain prehistoric extremes in places on 

the southern Colorado Plateaus by the A.D. 700s (Dean 1988; S. 

Plog 1983, 1986; Dean et al. 1985; Gumerman et al. 1989). At 

about this same time, protracted intervals of sustained 

environmental degradation occurred throughout the plateaus 

(Burns 1985). Strategies to offset resource stress on the 

plateaus varied (Dean 1988a). However, an often used strategy 

involved direct colonization of nearby resource zones (see 

Berry 1982; F. Plog 1986; Dean et al. 1985). Not 

surprisingly, this strategy encompassed colonization of 

mountain environments. Anasazi population movement into these 

areas frequently involved incorporation of mountain resource 

zones, thus guaranteeing greater access to consistent summer 

moisture supplies. In short, shifts like these help increase 

Anasazi chances at agricultural success. A correlation is 

drawn here between the release in summer drought in mountain 

areas of west central New Mexico during the eleventh and 

twelfth centuries and increased Anasazi influence. It is 
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further the view that Anasazi movement throughout these more 

northern mountain areas created an Anasazi refuge zone. The 

influx of small groups of Anasazi, fleeing the drought plagued 

southern Colorado Plateaus, were incorporated into a local 

population base that was intrinsically Mogollon. 

The terminal segment of the summer drought chronology in 

the Pinelawn-Reserve area (A.D. 1100s to late-1200s) points to 

a return to the summer drought pattern identified for the 

seventh and eighth centuries in the mountains of west central 

New Mexico. Once again, the return of previous summer drought 

patterns significantly contributed to cultural developments in 

the mountains. The Tularosa phase in mountainous areas of 

west central New Mexico evolved into an aggregated population 

within large Pueblo communities. The extent to which 

population aggregation defined the Tularosa phase, at least in 

more northern mountainous areas of west central New Mexico, 

can be attributed to three factors: ( 1 ) increasingly 

degraded summer moisture conditions beginning in the 1100s and 

persisting through most of the thirteenth century, (2) a 

Reserve phase legacy associated with increased emphasis on 

maize agriculture and population expansion, and (3) 

intensification of alliance networks linking mountain and 

plateau populations. The Tularosa phase developed in the 

mountains as a combination of environmental and behavioral 

trends. These trends included a protracted cycle of summer 
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drought, population growth, and accelerated village 

aggregation. All three trends worked together to promote 

abandonment of more northern mountain areas of west central 

New Mexico. 

In summary, it is thought that optimal summer moisture 

conditions during the eleventh and twelfth centuries in 

mountain areas of west central New Mexico promoted intensified 

agricUltural exploitation. At the same time, these optimal 

summer moisture conditions, when combined with the need to 

further increase agricultural outputs, encouraged greater 

extremes in regional population expansion and growth. These 

natural and cultural processes, working together, eventually 

coalesced in expanded community settings where labor outputs 

could be more formally structured and controlled. This was 

the Tularosa phase throughout more northern mountain areas of 

west central New Mexico. Ul timately, however, Mogollon Pueblo 

in this region faced a protracted period of diminished summer 

moisture which, given emergent environmental and population 

constraints, combined to broach carrying capacity threshold 

limits. Obviously, strategies were adopted to offset these 

limits in order to maintain population growth and agricultural 

expansion. However, adoption of such strategies merely 

forestalled the inevitable. The ultimate buffering strategy 

involved prehistoric movement out of these mountainous areas 

and movement into more central and southern recesses of the 
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Southwest. In these latter areas greater access to permanent 

water and larger tracts of arable land was afforded. 
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In this study long-living and prehistoric tree-ring 

chronologies were used in conj unction with July P. D. s. I. 

values to generate estimates of past summer drought for two 

Mogollon areas. These areas included the Mimbres area in 

southwest New Mexico, and the Pinelawn-Reserve area in west 

central New Mexico. For both areas, episodes of elevated, and 

depressed, summer moisture w€:re documented. These episodes 

were then examined in light of archaeological records to 

explore several behavior processes. These processes included 

intensification in agricultural production, upland/lowland 

settlement shifts, population aggregation, abandonment, and 

the changing nature of alliance networks. 

Evidence for intensification in agricultural production 

in the Mimbres area, as early as the A.D. 500s in the Mimbres 

Valley, corresponds with climatic evidence for a protracted 

period of optimal summer moisture conditions in southwest New 

Mexico. These conditions persisted from the 500s through the 

800s. Optimal summer moisture conditions at this time not 

only failed to limit prehistoric population growth in places 

like the Mimbres Valley, they encouraged selection of certain 

plants for productive emphasis, encouraged sedentism, and 

probably contributed to certain levels of pithouse village 

aggregation. It is thought that the maize plant became a 
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target for subsistence emphasis in the Mimbres area because of 

coincidence between physiological needs for water and 

nutrients and the highly predictable nature of the Southwest 

summer rainy season. 

The presence of salubrious moisture conditions in the 

Mimbres area during the Mogollon Initiation period may have 

prevented buffering mechanisms from emerging in Mimbres 

adaptations. As a result, once summer climate entered a 

slightly degenerative cycle in the 900s, and this cycle 

persisted through the 1000s, groups here may have lacked lower 

level social and technological mechanisms for adequately 

dealing with resource shortages. The response to resource 

shortages in the Mimbres Valley during this two century 

interval gives the appearance of a system under stress (Minnis 

1985). The human response to these shortages involved several 

strategies. First, populations aggregated at key village 

locations. Second, population expanded into increasingly 

marginal resource zones. Finally, trade relations with 

Mogollon Pueblo to the north were intensified. Ultimately, 

however, these strategies were unable to hold the Mimbres 

system together. Population abandonment of once heavily used 

areas like the Mimbres Valley then occurred. 

Three settlement shifts are documented for the Mimbres 

area, and these are best seen in the Mimbres Valley. The 

first shift involved establishing pithouse villages in upland 
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mountain locations. The second shift involved movement of 

primary habitations from uplands to lowlands. The final shift 

involved expansion out of lowland mountain zones into upland 

desert and mountain settings adjacent to the valley. Each 

settlement shift is viewed from the vantage point of 

intensification in agricultural production. 

The early shift into mountain uplands in the valley is 

viewed from the standpoint of Mogollon emphasizing 

agricultural subsistence routines in places where greatest 

access to direct, and predictable, summer moisture was 

afforded. However, as efforts to intensify agricultural 

routines in mountain uplands increased, population growth in 

upland villages induced groups to established new villages in 

lowlands next to permanent water. In these lattdr settings, 

even greater access to summer moisture was afforded in the 

form of rainfall runoff originating higher up in the 

mountains. At the same time, in lowlands valley farmers 

gained greater access to broader stretches of arable mountain 

floodplain actively undergoing development. 

A series of inter-related settlement shifts took place 

toward the end of the Mogollon era in southwest New Mexico 

(1000-1150). The nature of these shifts were enumerated 

above. Suffice to say, these shifts all involved population 

movement away from villages, in places like the Mimbres 

Valley, occupied for several hundred years. It is the 
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conviction that Mimbres area populations began moving north 

out of the mountains of southwest New Mexico toward west 

central New Mexico where summer drought was significantly 

diminished by the A.D. 800s. During the 900s and 1000s in 

this latter area a new cultural entity, Mogollon Pueblo, would 

be formed. 

The summer drought chronology for the Pinelawn-Reserve 

area is used as a proxy record for more northern mountain 

areas of west central New Mexico. This chronology documents 

long periods in summer moisture fluctuation that significantly 

impacted how areas were used. 

The Fairbank Drought, first identified for western North 

America by Antevs (1955), was a reality throughout more 

northern mountain areas of west central New Mexico during the 

600s and 700s. Beginning during the 6005, and continuing 

through the 7005, these areas were subject to diminished 

summer moisture supplies that combined with long, yearly back-

to-back drought episodes. Before this two century-long 

interval it is assumed climate was more conducive to human use 

because prehistoric Mogollon first appear here between the 

200s and 400s (Wills 1989). However, during the latter two 

century drought interval Mogollon abandoned many mountain 

areas in west central New Mexico. It is concluded that many 
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groups migrated south in closer proximity to, or into, the 

Mimbres area in southwest New Mexico. Climate in this latter 

area, at least during the 600s and 700s, was in a highly 

stable, drought-free cycle. 

Mogollon populations remained in residence in places like 

the Pinelawn-Reserve area during the 600s and 700s. However, 

groups were subject to changes in adaptive behavior. 

Settlements were re-Iocated into lower mountain zones, thus 

permitting greater access to larger summer rainfall runoff 

catchments. In addition, pithouse sizes and numbers in 

occupied villages diminished from what had been the case 

during earlier times. There is, as well, evidence for overall 

population decline in the Pinelawn-Reserve area and adoption 

of subsistence practices al ternati ve to agriculture. However, 

it is the view that adaptive adjustments were made so that 

Pinelawn-Reserve groups could maintain a certain subsistence 

emphasis on agricultural foodstuffs. 

Throughout more northern mountain areas of west central 

New Mexico during the 800s and 900s diminution in summer 

drought resulted. At this time, vast stretches of land were 

opened up for re-newed Mogollon use. A vigorous Late pithouse 

period is thus documented in many northern mountain areas of 

west central New Mexico. By the A.D. 1000s a two century-long 
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period in diminished summer drought climaxed to extend this 

episode in ameliorated climate for another one hundred and 

thirty to one hundred and fifty years. During this last 

drought-diminished interval (1000-1150), Anasazi refugees from 

the southern Colorado Plateaus entered more northern mountain 

areas of west central New Mexico and forged alliances with 

Mogollon. The result of these alliances was Mogollon Pueblo. 

with population additions from Mogollon areas further south, 

like ones projected coming from the Mimbres area during the 

drought-interval here between the 900s and 1000s, expansion 

and growth in mountain areas of west central New Mexico 

eclipsed Mogollon developments elsewhere. 

The 1000s and the first half of the 1100s was a period of 

population expansion and growth throughout more northern 

mountain areas of west central New Mexico. It is inferred 

that most mountain populations by this time were 

agriculturally oriented. NOw, optimal summer moisture 

conditions fueled ever growing moves toward subsistence 

routines focused on the maize plant. By the second half of 

the twelfth century something a~tered the adaptive trajectory 

seen in smaller Mogollon Pueblo communities in northern 

mountain areas of west central New Mexico. 

By the mid-1100s in more northern mountain areas of west 
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central New Mexico there was a return to a drought pattern 

reminiscent of the 600s and 700s. Now, however, there were 

far more people in the mountains than there had been during 

this earlier interval. Not surprisingly, the prehistoric 

response tG·· ·new climatic circumstances was rapid. 

As it had been the case in the Mimbres Valley earlier, 

prehistoric groups first began aggregating in large 

communities located in well-watered locations next to broad, 

open stretches of mountain floodplain. Next, new settlements 

were established at higher mountain elevations. It is 

concluded drought in these upland zones greatly reduced woody 

vegetation, particularly within high mountain meadows, and 

helped make soils more amenable to agricultural exploitation. 

In essence, movement of Mogollon Pueblo into higher mountain 

settings is viewed as a strategy for opening up new 

agricultural lands in the face of high population numbers and 

diminished summer moisture supplies in lowlands. More direct 

summer rainfall would be available as one moved up in 

elevation in the mountains, and cooler air temperatures and 

higher humidities here would assist moisture retention. 

Albeit, now, moisture was greatly reduced from one summer to 

the next. The paucity of water draining from highlands to 

lowlands in the mountains meant a period of floodplain erosion 
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and stream channel down-cutting likely restricting much needed 

expansion throughout lowland agricultural zones. As a result, 

prehistoric groups established new villages and agricultural 

fields at higher elevations. In the end, however, these moves 

were inadequate for relaxing resource stresses in lowland 

mountain communities. Similar stresses, given persistent 

drought, soon expanded to upland communities. As a result, by 

the later 1200s/early 1300s, most mountain areas in west 

central New Mexico were abandoned. Mogollon Pueblo population 

movement was toward southern and more central recesses of the 

Southwest where water and arable land were more consistently 

available. 

Clearly, as was the case in the Mimbres Va~ley at an 

earlier time, the late 1100s and 1200s point to developments 

in northern mountain areas of west central New Mexico as 

products of three major factors. These included: (1) 

continued efforts to intensify agricultural subsistence 

routines, (2) continued expansion in prehistoric population 

group size, and (3) a degenerate summer moisture regime. All 

three of these factors, ultimately, helped contribute to 

abandonment of these mountain areas in west central New 

Mexico. 

This study has reinforced at least one major theoretical 
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tenet of the Anasazi behavioral model. It is clear for the 

Mogollon region that when population numbers varied, from 

lower to higher group sizes, impacts emanating from summer 

drought varied. Specifically, when population numbers were 

low adverse climatic circumstances had little impact on 

behavior. Alternatively, once prehistoric population numbers 

reached certain extremes, degenerate climate translated into 

negative environmental and cultural impacts. Such a finding 

clearly reinforces the Anasazi behavioral model. The model 

posits that degenerate, as well as optimal, environmental end

states on the southern Colorado Plateau should have exerted 

different impacts on human behavior dependent on population 

group size. This hypothesis holds for the southern Colorado 

Plateau (Gumerman et ale 1989), and it holds for the two 

Mogollon areas examined here. 

For the Mimbres area from the mid-SOOs through the 800s 

summer drought remained diminished. Consequently, population 

expanded, moved increasingly toward agricultural 

intensification, and finally, grew to sizes where certain 

areas, like the Mimbres Valley, could no longer support large 

populations. The result of such limits was abandonment of the 

Mimbres Valley. However, abandonment was followed by efforts 

to aggregate large numbers of people at certain villages, as 
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well as by population expansion out of the valley into 

marginal agricultural resource zones. For the Pinelawn

Reserve area, alternatively, a period of protracted summer 

drought during the 7th and 8th centuries resulted in highly 

circumscribed prehistoric use. 

with the advent of the 800s, 900s, and 1000s the more 

northern mountain areas of west central New Mexico became 

subject to diminished summer drought. Archaeological evidence 

points to a virtual swamping of these areas by Mogollon and 

Anasazi. These groups, in turn, blended in cultural 

affiliation to form Mogollon Pueblo. By the mid-1100s summer 

drought in the mountains returned to a degenerate state. 

Consequently, Mogollon Pueblo underwent community aggregation, 

shifted new subsistence emphasis into mountain uplands, and 

tried to maintain higher population numbers while continuing 

to intensify agricultural efforts. Unfortunately, summer 

drought conditions would go unaltered for the next one hundred 

and fifty years. As a result, Mogollon Pueblo abandoned their 

mountain homes in west-central New Mexico for more moisture 

reliable areas in the Southwest. 

Jorgenson (1983:707) has suggested that the various 

distributions for prehistoric farmers in the Southwest 

(Anasazi, Mogollon, and Hohokam) were dictated by "sustained 



drought, or some 

environmental forces". 
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other deleterious and protracted 

This study provides little evidence to 

refute this conclusion. Moreover, it stands as an effort to 

provide some empirical justification supporting Jorgenson's 

view. Future work along similar lines of investigation should 

further actualize this view. 
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During the production of tree-ring chronologies for 

stations included in the Laboratory's paleoclimate network, 

all tree-ring specimens were cross-dated, ring-widths were 

measured, and averaged chronologies were produced using 

standardized procedures (Fritts 1976:28-38, 249-252, 254-311; 

Graybill 1979, 1982; Robinson and Evans 1980; Stokes and 

Smiley 1968). As already noted in Chapter 4, the only tree-

ring specimens used to produce climate-sensitive chronologies 

for the Laboratory's network are those displaying graphic and 

statistical traits seen in conifers growing in lower-forest-

border settings in western North America. In these settings, 

conifers display a strong drought signal, as well as positive 

responses to climate when optimal conditions prevail (Fritts 

1976; Schulman 1945, 1956:12; Fritts et ale 1965b). 

Two climate-sensitive tree-ring chronologies in the 

Laboratory's network were used for study. The chronologies 

selected for use included historic and prehistoric 

chronologies from the Mimbres area. Also selected were the 

historic and prehistoric chronologies for the Pinelawn-Reserve 

area. Tree-ring chronologies from both areas were established 

using historic and prehistoric tree-ring specimens from 
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respective areas of New Mexico. The historic index chronology 

used in the study from the Pinelawn-Reserve area is not that 

presented in Dean and Robinson ( 1978: 55 ) • The historic 

chronology used was a pinyon chronology acquired from the 

Pinelawn-Reserve area in 1977. Historic index chronologies 

for both the Mimbres and Pinelawn-Reserve areas are presented 

in Tables A.l through A. 6. Researchers already have access to 

the prehistoric index chronology for the Pinelawn-Reserve 

area; the same one used in this study. In order to minimize 

space, this chronology is not reproduced. Currently, 

researchers do not have access to the prehistoric Mimbres area 

index chronology. That chronology is reproduced here (Tables 

A.5 and A.6). All chronologies are ~~esented according to 

standard Tree Ring Laboratory format. 

It should be noted that the sources used for production 

of the prehistoric Mimbres chronology included the Harris Site 

(Haury 1936), as well as several other sites in the Mimbres 

Valley excavated by the Mimbres Foundation during the 1970s 

(see LeBlanc 1976, 1977; Anyon and LeBlanc 1984). The 

prehistoric sources used for developing the Pinelawn-Reserve 

chronology can be found in Bannister et ale (1970). Finally, 

the modern tree-ring chronology for the Mimbres area was 

collected from New Mexico in 1983 by staff personnel from the 

Tree-Ring Laboratory. Dr. Don Graybill of the Laboratory 

supervised collection and processing of these tree-ring 
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1650 
1660 
1670 
1680 
1690 
1700 
1710 
1720 
1730 
1740 
1750 
1760 
1770 
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1800 
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1820 
1830 
1840 
1850 
1860 
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A.1. Historic Period Tree Ring Index Chronology for the 
Mimbres Area. 

0 1 2 3 4 5 
1.498 

1.385 1.248 1.392 .652 .308 .810 
.916 1.200 1. 289 .729 1.258 1. 007 

1.314 .851 .815 1.247 .678 .467 
1.267 .773 1. 448 1.137 1.16B 1.273 
1.252 1.328 .487 1.150 .682 .896 
1.254 .877 1.075 .735 .646 .609 
1.310 1.330 1.106 .717 1.166 .896 
1.079 .890 1.565 .265 1.443 .977 
1.180 1.233 .836 1.366 .775 1.045 

.602 1.452 .253 .601 .836 .370 

.705 .762 1.558 .370 1.064 .863 
1.184 1. 758 1.122 .139 .537 1.232 

.421 .821 .475 1.440 1.370 .889 
1.156 1.218 1.271 1. 723 .449 1. 251 

.781 .898 .946 .363 1.276 1. 003 
1.487 .849 .831 .743 .811 1.373 

.431 .859 .572 .997 1.305 .749 
1.681 .575 .642 1. 554 1.254 1. 096 
1.185 1.069 .692 1.150 1.483 1.553 
1.349 .366 1.424 .876 .778 1.175 
1.040 .431 .170 .297 .375 1.293 
1.093 1.739 .915 1. 042 1.297 .755 

.484 .776 .988 .663 1.019 1.578 

.619 1.817 .867 .343 .548 .577 

.399 1.014 .544 1.975 .369 2.110 

.375 1.877 1. 906 1. 220 2.009 .981 

.973 1.113 .973 1. 078 1.193 .105 

.889 1.101 .583 1. 042 .334 1. 201 
1.338 1.218 1.082 .834 .455 1. 307 

.383 .115 1.378 .691 .022 .208 
1.146 .441 1.295 1.037 .889 1. 484 

.837 .176 1.180 1.317 .261 1. 826 
1.006 .535 1.255 

Mean: 
Standard error: 
Standard deviation: 

.991 

.024 

.427 

.063 

.200 

.012 

Kurtosis: 
Skewness: 
Minimum: 
Maximum: 2.500 

6 7 8 9 
.666 .519 .621 .921 
.723 .572 .652 .993 
.913 .992 .942 .888 

1.192 1.048 1.154 1.024 
.B29 1.275 1.267 1.651 
.952 .959 1.382 .632 
.484 1.091 1.265 1.369 

1.354 1.313 1.019 1.648 
.815 .757 1.269 .456 

1.789 1.402 .418 1.100 
.573 .318 1.000 1.197 
.547 .826 .748 .747 

1.142 .407 1.109 1.425 
.682 1.437 .812 .774 
.922 .173 1.101 1.044 
.427 1.194 1.111 1.009 

1. 487 .872 .087 .488 
1.122 1.374 2.085 1.768 

.458 1.282 .600 1.414 
1.105 .554 .803 1.490 
1.584 1.269 1.082 .343 
1.176 1.310 1.635 1.340 
1.308 1.415 .866 1.214 

.970 1.346 .809 1. 357 

.557 1. 091 1.460 .630 
2.196 2.500 1.960 1.123 

.880 1.274 .394 1.344 
1.001 .978 1.075 .936 

.593 .883 .536 .503 

.811 .628 .935 1.050 

.012 .349 1. 282 .868 
1.585 .764 1. 668 .367 
1.473 1.433 .904 1.849 
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Table A.2. Number of Specimens used to Establish the Historic 
Period Index Chronology for the Mimbres Area. 

0 1 2 3 4 5 6 7 8 9 

1650 1 1 1 1 1 
1660 1 1 1 1 1 1 1 1 1 1 
1670 1 1 1 1 1 1 1 1 3 3 
1680 3 3 3 3 3 3 3 3 3 3 
1690 5 5 5 5 6 7 8 8 8 8 
1700 8 8 8 8 8 8 8 9 9 9 
1710 9 9 9 9 9 10 10 10 10 10 
1720 12 12 12 12 12 12 12 12 12 12 
1730 13 13 13 13 13 13 13 13 13 13 
1740 15 15 15 15 15 15 15 15 15 15 
1750 17 15 15 15 15 16 16 16 16 16 
1760 16 16 18 18 18 18 18 18 18 18 
1770 20 20 20 20 20 20 20 20 20 20 
1780 21 21 21 21 21 21 22 22 22 22 
1790 22 22 22 22 22 22 22 22 22 22 
1800 22 20 20 20 20 20 20 20 20 20 
1810 20 19 19 19 19 19 19 19 19 19 
1820 19 19 19 19 19 19 19 19 19 19 
1830 21 23 23 23 23 23 23 24 25 25 
1840 25 25 25 25 25 25 25 25 25 25 
1850 25 24 24 24 24 24 24 24 24 24 
1860 24 24 24 24 24 24 24 24 24 24 
1870 24 24 24 24 26 26 26 26 27 27 
1880 28 28 28 28 28 28 28 28 28 28 
1890 28 27 27 27 27 27 27 27 27 27 
1900 27 27 27 27 27 27 27 27 27 27 
1910 27 26 26 Z6 26 26 26 26 26 26 
1920 26 25 25 25 25 25 25 25 25 25 
1930 27 27 27 27 27 26 26 26 26 26 
1940 26 25 25 25 25 24 24 24 24 24 
1950 24 23 23 23 23 23 23 23 23 23 
1960 23 23 23 23 23 23 23 23 23 23 
1970 23 23 23 23 23 23 22 22 22 22 
1980 22 22 22 



Table A.3. 

0 

1710 
1720 1.428 
1730 1.002 
1740 .843 
1750 1.509 
1760 .548 
1770 .842 
1780 .555 
1790 1.197 
1800 .834 
1810 1.164 
1820 .412 
1830 1.577 
1840 1. 068 
1850 1. 251 
1860 1.311 
1870 .784 
1880 .743 
1890 1.041 
1900 .585 
1910 .882 
1920 1.523 
1930 1.247 
1940 1.258 
1950 .423 
1960 1.587 
1970 1. 266 

Historic Period Tree Ring Index Chronology for 
Pinelawn-Reserve Area. 

1 2 3 4 

1.195 .706 .933 .682 
.858 1.026 .617 1.034 

1.363 1.705 1.636 1.565 
1.667 .468 .596 1.026 

.832 1.062 .456 .981 
1.301 1.017 .297 1.041 
1.130 .558 1.150 1.479 
1.111 1.199 1.744 .524 

.920 1.172 .576 .834 
1.311 1.243 1.050 .939 

.824 .619 .842 1.064 
1. 010 1.199 1.387 1.230 

.958 .810 .816 1.234 
1.031 .893 .806 .954 

.863 .983 .849 .611 

.468 .831 .695 .824 

.585 .668 .416 .774 

.975 .787 .648 .792 

.865 .183 1.301 .017 
1.417 1.534 .900 1.469 

.807 1.058 1.232 1.207 
1.450 1.800 1.999 .718 
1. 718 .842 .521 .346 

.428 1.266 .548 .906 
1.138 1.341 1.040 .755 

.543 1. 753 1.879 .582 

Mean: 
Standard error: 
Standard deviation: 
Kurtosis: 
Skewness: 
Minimum: 
Maximum: 

5 6 

1. 943 .429 
.872 1.045 
.522 .882 

1.659 1.784 
.787 .580 
.952 1.094 

1.203 1.051 
1.003 1.036 
1.103 .654 

.978 .833 
1.011 1.426 
1.047 1. 021 
1. 218 1.074 

.940 1.108 

.943 1.093 
1. 227 1.383 
1.143 .903 

.878 .568 

.945 .756 
1.424 1.431 
1.394 1.244 

.195 1.232 
1.154 .717 

.931 .089 

.403 .217 
1.800 1.336 
1.801 1.932 

1.009 
.023 
.375 
.488 
.328 
.017 

2.230 

7 8 

.574 .916 

.604 .851 

.829 .843 
1.480 .761 

.490 1.097 
1.329 1.078 

.770 .985 
1.367 .686 

.504 .701 

.860 .996 

.893 .771 

.974 1.268 

.988 .995 

.651 1.125 
1.090 1.281 
1.217 1. 277 
1.086 1.225 

.935 .746 

.890 1.378 
2.204 2.230 
1.286 .833 

.957 .788 
1.082 1.221 

.244 .670 
1.242 1.151 
1.086 1.525 
1.441 
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the 

9 

.964 
1.247 

.876 
1.225 

.901 
1.188 

.829 
1.162 

.934 
1.095 

.752 
1.207 
1.447 
1.316 
1.205 

.866 

.779 

.761 

.503 
1.221 
1.264 
1.326 

.601 

.905 

.318 

.782 
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Table A.4. Number of Specimens Used to Establish the 
Historic Period Index Chronology for the Pinelawn-
Reserve Area. 

0 1 2 3 4 5 6 7 8 9 

1710 1 1 1 2 3 

1720 3 3 3 3 3 3 3 3 3 3 

1730 3 3 3 3 3 3 3 3 3 3 

1740 3 3 4 4 4 4 4 4 4 5 

1750 5 5 5 5 5 5 5 5 5 5 

1760 5 5 5 5 5 5 5 5 5 5 

1770 5 5 5 5 5 5 5 5 5 5 

1780 5 5 5 5 6 6 6 6 6 6 

1790 7 7 7 7 7 7 7 7 7 7 

1800 7 7 7 7 8 8 8 8 8 8 

1810 8 8 8 9 10 10 10 10 10 10 

1820 10 10 10 10 10 10 10 10 10 11 

1830 11 12 12 12 12 12 14 14 14 14 

1840 14 14 16 16 16 16 16 17 17 17 

1850 19 20 20 20 20 20 20 20 20 20 

1860 20 20 20 20 20 20 20 20 20 20 

1870 20 20 20 20 20 20 20 20 20 20 

1880 20 20 20 20 20 20 20 20 20 20 

1890 20 20 20 20 20 20 20 20 20 20 

1900 20 20 20 20 20 20 20 20 20 20 

1910 20 20 20 20 20 20 20 20 20 20 

1920 20 20 20 20 20 20 20 20 20 20 

1930 20 20 20 20 20 20 20 20 20 20 

1940 20 20 20 20 20 20 20 20 20 20 

1950 20 20 20 20 20 20 20 20 20 20 

1960 20 20 20 20 20 20 20 20 20 20 

1970 19 19 19 19 19 19 19 19 
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Table A.5. Prehistoric Period Tree Ring Index Chronology for 
the Mimbres area. 

0 1 2 3 4 5 6 7 8 9 

530 1.142 1.154 .833 1.045 .603 1.137 .748 1.100 
540 .998 .902 .288 .589 .951 1.098 1.176 1.500 .655 1.377 
550 1.574 1.663 1.658 .923 .206 1.442 .904 1.028 .535 1.156 
560 .664 .448 1.332 .513 .992 1.104 .944 1.089 .679 1.152 
570 1.193 1.199 1.217 .939 1.071 1.213 .964 .919 .975 .819 
580 1.206 1.342 1.307 1.395 1.111 1.025 .667 .583 .673 1.100 
590 .231 .757 1.180 1.099 1.342 1.146 .654 .867 1.219 .735 
600 1.143 1.028 .665 1.034 1.170 1.464 1.081 .262 1.076 .592 
610 .429 .038 .326 .809 .841 .333 1.753 3.104 3.276 4.232 
620 .973 3.190 1.362 .864 .867 .471 .550 .713 .894 .767 
630 .691 .812 .882 1. 963 1.137 1.094 1.128 1.014 1.159 1.323 
640 1.530 1.371 .934 1. 805 .855 .184 .780 1. 307 0.000 1. 088 
650 .612 1.283 .768 1.150 .488 .841 1.304 1.268 .025 .806 
660 .044 .633 .708 .311 .862 1.647 1.612 1.273 1. 722 1. 509 
670 1.592 1.263 1.158 1.584 .316 1.408 1.499 .515 .904 .962 
680 .685 .387 .741 1.390 1.494 1.280 1.029 1.253 1.018 1.805 
690 .967 1.235 .753 1.189 .626 1.176 1.131 .946 1.324 .990 
700 1.146 .832 1.097 1.350 .581 .420 .300 1.101 1.482 .724 
710 1.466 .469 1.184 .948 .858 1.253 1.240 .600 .644 .580 
720 .853 1.198 .750 .646 .789 .969 .661 .812 1.453 1.448 
730 1.154 1.213 1.088 1.858 1.362 1. 777 1.152 1.530 .112 .780 
740 1.684 1.038 .093 .575 1.215 1.202 .962 1.105 .216 1.608 
750 .433 .050 1.220 1.003 1.000 1.213 1.068 .729 1.066 .768 
760 .297 .124 1.001 1.130 .477 .634 1.206 .672 1.116 1.308 
770 .634 1.105 1.322 .957 .785 1.007 1.065 1.514 1.080 .183 
780 1.330 1.000 1.188 1.117 1.094 1. 711 1.084 1.904 1.060 .941 
790 1.138 .731 1. 747 1.027 .159 .669 .387 .767 .926 1.047 
800 1.336 1.054 1.111 .830 1.250 1.316 1.681 .829 .789 .563 
810 .635 .868 .784 .828 .242 1.013 1.298 1.064 .419 1.202 
820 1.876 1.897 1.617 .313 .165 .531 1.010 1.310 1.344 .286 
830 .892 1.295 1.345 1.558 1.428 1.075 .877 .489 1.203 .637 
840 .270 .700 1.002 1.547 1.489 1.136 .374 .298 1.294 1.343 
850 .534 1.215 1.791 1.122 1.225 .881 .734 .601 1.551 1.235 
860 1. 622 1. 091 1.385 1.264 .780 1.049 1.065 .540 .253 1.112 
870 .718 1.073 .815 1.664 1.643 1.202 1.622 .994 .293 1.289 
880 1.211 .472 .454 .680 .441 .814 1.228 .944 1.211 1.005 
890 .837 .648 .178 1.120 .984 1.300 1.456 2.139 1.106 1.103 
900 .616 .087 .802 1.115 1.104 1.000 .266 .458 .860 1.259 
910 1.463 1.116 .859 1.022 1.109 1.440 .879 1.125 1.371 1. 327 
920 .960 .607 .542 .383 .590 1.208 1.268 .742 1.365 .278 
930 .511 .846 .971 1.320 .786 .60B .818 .344 1.216 1. 827 
940 2.117 2.003 1.009 1.366 1.107 1.532 1.380 1.102 .749 1.196 
950 1.264 1.074 .667 .659 .198 .523 1.169 .961 .B16 1.259 
960 1.529 1.241 .945 .906 .973 1.411 1. 229 1.363 1.034 .517 
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Table A.5 (continued). Prehistoric Tree Ring Index Chronology for 
the Mimbres Area. 

970 1. 204 .813 .735 1. 038 .575 .183 1.314 1. 720 .743 1.385 
980 .582 .460 1.055 .904 .499 .776 1.392 1.992 2.231 1.445 
990 .858 .710 .555 .718 1.181 1.297 1.383 1.485 .586 .391 

1000 .539 .579 .137 .491 .868 .683 1.373 1.987 1.216 .121 
1010 .531 .010 1.038 .878 .741 1.359 1.374 .975 .625 .857 
1020 1. 886 1. 647 1.320 .827 1.843 1.162 1.339 .787 .917 1.164 
1030 1. 009 .496 .873 .573 .748 .106 .052 .916 .839 1.356 
1040 1.204 .271 .489 1.443 1.183 1.166 1.677 1.421 .403 1.213 
1050 1.426 .421 1.429 1.148 .972 1.239 .968 1.177 .829 1.176 
1060 1. 335 1.354 1.069 1.419 1.337 1.265 .761 .647 1.312 .197 
1070 .724 1.078 1.436 .648 .754 .492 1.322 1.380 .864 1.571 
1080 .865 .637 1.507 .338 1.288 .524 .625 1.048 1.182 1.231 
1090 .343 .443 1.105 1.479 .646 1.140 1.165 .372 1.267 .393 
1100 1.257 1.580 1.566 1.416 .794 1.103 1.298 

Mean: 1.008 
Standard error: .091 
Standard deviation: .461 
Kurtosis: 5.667 
Skewness: 1. 028 
Minimum: 0.000 
Maximum: 4.232 
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Table A.6. Number of Specimens Used to Establish the Prehistoric 
Chronology for the Mimbres Area. 

0 1 2 3 4 5 6 7 8 9 

530 1 1 1 1 1 1 1 1 

540 1 1 2 2 2 2 2 2 2 2 

550 2 2 2 2 2 2 2 2 2 2 

560 2 2 2 2 2 2 3 3 3 3 

570 3 3 3 3 3 3 3 3 3 3 

580 3 3 3 3 3 3 3 3 3 3 

590 3 3 3 2 2 2 2 2 2 2 
600 2 2 2 2 2 2 2 2 2 2 
610 2 2 2 2 2 2 2 2 2 2 

620 2 2 2 2 2 2 2 2 2 2 
630 2 2 2 2 2 1 1 1 1 1 

640 1 1 1 1 1 1 1 1 1 1 

650 1 2 2 2 2 2 2 2 2 2 
660 2 2 2 2 2 2 2 2 2 2 

670 2 2 2 2 2 2 2 2 2 2 
680 2 2 2 2 2 2 1 1 1 1 

690 1 1 2 2 2 2 2 2 2 2 

700 2 2 2 2 2 2 2 2 2 2 

710 2 2 2 2 2 1 1 1 1 1 

720 1 1 1 1 1 1 1 1 1 1 
730 1 1 1 2 2 2 2 2 2 2 

740 2 2 2 2 3 3 3 3 3 3 

750 3 3 3 3 3 3 3 3 3 2 

760 2 2 2 2 2 2 2 3 4 4 

770 4 4 4 4 4 4 4 4 4 4 

780 4 4 4 5 5 5 5 5 5 5 
790 5 5 5 5 5 5 5 5 5 5 

800 6 5 5 5 5 5 6 6 6 6 
810 6 6 6 7 7 7 7 7 7 7 
820 7 7 7 8 10 10 10 10 10 10 
830 10 10 10 10 10 10 9 9 8 7 

840 7 7 7 7 7 7 6 6 6 6 
850 6 6 6 6 6 6 6 6 5 5 
860 5 5 5 5 5 5 5 5 5 5 
870 5 5 5 5 5 5 5 5 3 3 
880 4 4 4 4 4 4 4 4 3 3 
890 3 3 2 1 1 1 1 1 1 1 
900 2 2 2 2 2 2 2 2 2 2 
910 3 3 3 3 3 3 3 3 3 3 
920 3 3 3 3 3 3 3 3 3 3 
930 3 3 3 3 3 3 3 3 4 4 
940 4 4 3 3 3 3 3 3 3 3 
950 3 3 3 3 3 3 3 3 3 3 
960 4 4 4 4 5 5 5 6 6 7 
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Table A.6 (continued). Number of Specimens Used to Establish the 
Prehistoric Chronology for the Mimbres 
Area. 

970 7 7 7 7 7 7 7 7 5 5 
980 5 5 5 5 5 5 5 5 5 5 
990 5 5 5 5 5 5 5 5 5 5 

1000 5 5 5 5 5 5 5 5 5 5 
1010 6 7 7 7 7 7 7 B B B 
1020 B B B 8 B 8 9 9 9 9 
1030 9 9 9 9 9 9 9 9 9 8 
1040 8 8 8 8 8 8 8 B 8 8 
1050 8 8 8 8 8 7 7 7 7 7 
1060 7 7 7 7 7 7 7 7 7 7 
1070 7 7 6 6 6 6 6 6 6 6 
1080 5 5 5 5 5 5 5 5 5 5 
1090 5 5 5 5 4 4 4 4 4 4 
1100 4 4 4 4 4 3 1 
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specimens. 

Once climate-sensitive modern and prehistoric 

chronologies were obtained for the study it was necessary to 

secure climate data. To produce a set of July P. D. S. I. 

measures for the mountains of west central New Mexico during 

the modern era temperature and precipitation 

records from seven different climate stations were acquired; 

These records extended from 1917 to 1977. The temperature and 

precipitation records used came from the following stations: 

Alpine, Arizona 

Fort Bayard, New Mexico 

Luna, New Mexico 

Once climate data were obtained, 'separate temperature and 

precipitation records were averaged together to produce 

regionalized temperature and precipitation records. 

Regionalized records were desired for production of July 

P. D. S. I. measures that could be used for both prehistoric 

areas of interest. 

Following regionalized of the temperature and 

precipitation records these were then used to help calculate 

yearly July P.D.S.I. values. These values were produced using 

a Laboratory of Tree-Ring Research computer program designed 

to generate yearly P.D.S.I. measures for any month of the 

year. Once actual July P.D.S.I. values were obtained for the 

modern era, it was important to ensure corresponding tree-ring 
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index values could be used to produce reliable climate 

estimates. 

The strategy used to determine if reliable estimates of 

climate could be generated using the modern ends of historic 

period chronologies (1917-1977) followed what is referred to 

in dendroclimatology as the calibration, estimation, and 

verification approach (Fritts 1976: 312-433; Graybill 1989; 

Hughes et ale 1982; Rose et ale 1981). using a Laboratory of 

Tree-Ring Research computer program tree-ring data for the 

modern era from both study areas, along with actual measures 

of July P.D.S.I., were compared to determine how reliably tree 

ring data could be used as a basis for estimating measures of 

past climate. 

These latter assessment were made using a program 

specifically designed for this purpose. First, this program 

specifies using a percentage of years represented in tree-ring 

data sets and corresponding P.D.S.I. data sets for production 

of regression formulas equations. These equations (and these 

are termed transfer functions) are thus used to express tree-

ring indices in terms of P.D.S.I. values. The regression 

equations produced during an initial calibration run are then 

used to transform the remaining tree-ring values (those not 

used to generate transfer functions) into P.D.S.I. estimates. 

The P.D.S.I. estimates generated are then compared with their 

"real-world" counterparts, and an array of statistical tests 
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gauge comparability between the different sets of estimated 

and actual P.D.S.I. values. Several program runs using modern 

climate and tree-ring data for the Mimbres and Pinelawn

Reserve areas indicated these could reliably be used in the 

production of climate estimates. At the end of all program 

runs, complete sets of actual P.D.S.I. values and modern tree

ring data were used to calculate final transfer functions; 

functions that could then be used to generate prehistoric 

estimates of July P.D.S.I. using prehistoric tree-ring 

chronologies. In other words, transfer functions were 

produced using modern climate and tree-ring records to provide 

estimates of prehistoric July P.D.S.I. based on the 

prehistoric tree ring chronologies. 

Integral to dendroclimatic research directed at producing 

estimates of past climate is some form of linear regression, 

or least squares estimation (Fritts 1976; Hughes et ale 1982; 

Stockton and Boggess 1980). Because linear regression is 

critical in production of dendroclimatic estimates, assurances 

must be made that the climate and tree-ring data sets being 

used fit regression's requirements. Graybill (1989), in 

dendroclimatic terms, has outlined three criteria researchers 

interested in producing estimates of past climate using tree

ring data, climate, and linear regression, must adhere to. 

These include the follo ... ,ing: 
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(1) Yearly measures of tree-ring width and climate must be 
represented by enough observations these can be 
considered statistically representative of the target 
populations of tree-rings and climate researchers select 
for investigation. 

(2) Tree-ring data sets cannot show significant 
"autocorrelation". That is to say, values in a tree 
ring data set cannot be significantly correlated with 
other values in the same set, for any length of record. 

(3) If a tree-ring data set exhibits significant 
autocorrelation, but this can be removed by 
"prewhittening" the series, the series must then: 
a) display variance that is homogeneous throughout the 
series, and b) be normally distributed. 

Sample Size Criteria and Outliers 

The first criteria outlined above has to do with 

potential problems arising if dendroclimatic researchers rely 

on small populations (climate and/or tree-ring data sets). 

Use of any data series in quantitative analysis with small 

samples, quite naturally, increases ones chances that data 

outliers will effect otherwise normal distributions. Data 

outliers, in other words, can inflate or depress what would 

have been more characteristic had outliers been excluded. 

Examination of Tables A.2 and A.4 (historic period tree 

ring chronologies) shows that all tree-ring values for the 

period of concern (1917-1977) are represented by twenty, or 

more, specimens. This is considered a more than adequate 

sample for purposes of estimating climatic parameters using 

tree-rings (see Wigley et ale 1981). Moreover, use of Tree

Ring Laboratory computer program designed to test for 
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potential climate signal strength, as more and more samples 

are removed from a data set, revealed that only three 

specimens were required for either chronology to maintain 

integrity in chronology signal. Finally, standardized graphic 

and statistical procedures are used in the production of 

chronologies for the Tree-Ring Laboratory's paleoclimatic 

network. These procedures are designed to help ensure 

potential outlier specimens are identified, and eliminated, 

before final chronology formation (see especially Graybill 

1981, 1989). 

Examination of Table A.6 reveals that many prehistoric 

tree-ring index values for the Mimbres chronology are based on 

small sample sizes. This is also true for the Pin~lawn

Reserve area prehistoric chronology (Dean and Robinson 

1978:55). Small index sample sizes in these instances are not 

considered a problem. Schulman (1956), quite some time ago, 

remarked on the high climatic fidelity seen in prehistoric 

tree-ring chronologies, as well as in long-living tree-ring 

chronologies established using old growth conifers, if steps 

were taken to exclude specimens radically different from 

remaining samples in a series. In other words, once 

dendrochronologist excluded specimens from a chronology 

without characteristic lower-forest-border traits, chances for 

eliminating data outliers and unrepresentative specimens were 

enhanced. As previously noted, both prehistoric chronologies 
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used in the study were closely screened for outliers and 

unrepresentative specimens during chronology development. 

Moreover, plots of both chronologies provided little reason to 

believe either was influenced by outliers or other non

representative values. 

The July P.D.S.I. measures generated and used in this 

study, likewise, were plotted for examination of possible data 

outliers and unrepresentative values. Again, there was little 

reason to believe this data set was influenced by either kinds 

of values. 

ARMA Modelling the Tree Ring Data Series 

Meko (19B1) first identified analytical problems 

associated with climate estimates made using tree-ring 

chronologies if these contained serial autocorrelation. As 

already noted in Chapter 4, all tree-ring data sets used in 

the study contained significant levels of autocorrelation. 

Consequently, all tree-ring chronologies were prewhittened 

before production of prehistoric P.D.S.I. estimates. Table 

A.7 shows the closest competing ARMA models for the two 

historic and prehistoric tree-ring chronologies. Also shown 

are the ARMA models selected for prewhittening. Graybill 

(19B9), along with Meko (19B1), offer much fuller treatments 

of why ARMA modeling in dendroclimatic investigations is 

necessary. Likewise, McCleary and Haye (19B1) provide clear 



Table A.7. Closest Competing ARMA Models for all Tree 
Chronologies Used in the Study. 

Mimbres Area Historic Chronology 

AlC BlC Schwartz RSS Q20 SigQ 

AR 1 -460.78 -461. 80 -457.14 54.6 18 .46 
AR 1,4 -458.42 -458.52 -451.15 54.2 18 .46 
AR 1,4 MA 1 -462.06 -454.32 -451.14 53.1 14 .73 

Pinelawn-Reserve Area Historic Chronology 

AlC BlC Schwartz RSS Q20 SigQ 

AR1 -461. 56 -461. 77 -458.13 29.4 27 .08 
AR 1,2 -463.16 -460.72 -456.32 28.6 24 .15 
AR 1,3 -473.93 -471.16 -467.09 27.3 23 .19 
MA 1 -460.00 -458.44 -456.57 30.0 31 .03 
AR 1 MA 1 -468.36 -463.72 -461.51 28.3 20 .33 
AR 1,4 MA 1 -479.95 -472.57 -469.69 26.3 20 .33 

Mimbres Area Prehistoric Chronology 

AlC BlC Schwartz RSS Q20 SigQ 

AR 1 -948.68 -947.14 -944.33 110 26 .10 
AR 1,3 -944.35 -939.12 -935.65 110 26 .10 
MA 1 -941.91 -938.86 -937.55 111 42 .01 
MA 1,2 -948.52 -939.97 -939.82 110 28 .06 

Pinelawn-Reserve Prehistoric Chronology 

AlC BlC Schwartz RSS Q20 SigQ 

AR 1 -1289.25 -1287.51 -1284.69 114 34 .01 
AR 1,2,3 -1285.67 -1276.42 -1271.99 113 25 .12 
AR 1,3 -1290.50 -1284.98 -1281.37 113 25 .12 
MA 1 -1282.85 -1279.39 -1278.29 116 42 .00 

*Denotes model selected for prewhittening tree-ring 
chronologies. 
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explanations regarding autocorrelation processes, their 

detection in various kinds of data sets, and the need to 

remove these before statistical analysis. 

ARMA modeling revealed that the modern July P. D. S. I. data 

set being used possessed a high order of serial 

autocorrelation. However, this time-series was not ARMA 

modeled. At the time the study was ongoing there was no clear 

explanation for this finding. It was reasoned that serial 

autocorrelation in this data could represent something 

climatically significant. As a result, it was a concern that 

ARMA modeling might eliminate this information. It was thus 

decided not to ARMA model the modern July P.D.S.I. series. 

Instead, standard normal variates were simply calculated to 

insure series stationarity. 

Once transfer functions were fully developed using the 

modern period data sets (modern tree-ring ARMA modeled 

residuals and standardized July P.D.S.I. values), and 

prehistoric July P.D.S.I. est~mates made, the mean of the 

modern July P.D.S.I. data set was added to all prehistoric 

estimates. These estimates were established using transfer 

functions based on a set of standardized July P. D. S. I. values, 

and thus the series mean had been removed. It was thought 

that by adding the mean for this series to prehistoric 

estimates it would better approximate real world observations. 

Figures A.1 and A.2 are plots of actual July P.D.S.I. 
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JULY P.O. 

JEST 1 

JEST 2 

Figure A.l. Actual July P.D.S.I. Values for the Mimbres 
Area Plotted Against Standard Normal Variate 
Estimates and Final Estimates (once the mean 
for the actual P.D.S.I. data series was added 
to initial variate estimates). 



Figure A. 2 
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JULY P.O. 

JEST1 

JEST2 

Actual July P. D. S. I. Values for the Pine lawn
Reserve Area Plotted Against Standard Normal 
Variate Estimates and Final Estimates (once the 
mean for the actual P.D.S.I. data series was 
added to initial variate estimates). 
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data for the period from 1917 to 1977 for both the Mimbres and 

Pinelawn-Reserve areas. Also shown are comparisons between 

the actual P.D.S.I. values used and the estimates produced 

using modern tree-rings and standardized July P.D.S.I. 

variates. Also shown here are July P.D.S.I. once the mean 

from the actual July P. D. S. 1. data series was added ":.0 

standardized estimates. By adding the mean of the actual 

P.D.S.I. series to variate-based estimates no effect on 

distributions is detectable. Moreover, a slight improvement 

in lower estimates actually resulted. 

Final prehistoric P.D.S.I. estimates were treated in more 

analytical fashion in f~regoing chapters. Tables A.S and A.9 

are provided here to show all July P.D.S.I. estimates 

generated for prehistoric periods in the Mimbres and Pinelawn

Reserve areas. Table A.10 is presented to provide results of 

statistical tests between actual July P.D.S.I. values and tree 

ring based estimates for the modern ends of historic period 

chronologies. Also provided are regression formulas used to 

estimate July P.D.S.I. values based on prehistoric tree ring 

chronologies. These formulas \'/ere used in the following 

manner to express ARMA modeled prehistoric tree-ring residuals 

in terms of July P.D.S.I.: 

Estimate = Intercept + (Constant x ARMA Residual Value). 
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Table A. 8. July P.D.S.I. estimates for the prehistoric era 
using the Mimbres tree-ring chronology. 

0 1 2 3 4 

530 * * * 
540 - .317 - .453 -1. 756 - .647 - .054 
550 .763 .830 .747 - .887 -1.961 
560 -1.101 -1. 223 .892 -1. 558 .097 
570 .079 .068 .099 - .533 - .041 
580 .349 .376 .202 .418 - .279 
590 -2.019 - .228 .333 - .139 .453 
600 .269 - .281 -1.003 .075 .115 
610 -1.212 -1.974 -1. 050 - .177 - .446 
620 .973 4.631 -1. 034 - .800 - .462 
630 - .758 - .437 - .366 1. 992 - .622 
640 .710 .206 - .656 1.594 -1.141 
650 -1.170 .678 - .961 .264 -1.491 
660 -2.232 - .364 - .627 -1. 555 - .050 
670 .712 - .085 - .081 .941 -2.183 
680 - .909 -1.379 - .377 .816 .587 
690 - .892 .306 - .967 .358 -1.210 
700 .093 - .722 .097 .469 -1.422 
710 .995 -1.760 .551 - .493 - .513 
720 - .264 .311 - .934 - .847 - .460 
730 - .215 .119 - .201 1.607 - .050 
740 1.436 - .636 -2.284 - .544 .543 
750 -1.938 -1.943 .923 - .384 - .232 
760 -1.638 -1.689 .391 .057 -1.488 
770 -1.272 .255 .400 - .562 - .689 
780 1.073 - .477 .188 - .117 - .114 
790 .099 - .938 1.616 - .716 -2.130 
800 .478 - .359 - .032 - .702 .438 
810 - .738 - .270 - .622 - .464 -1.802 
820 1.567 1.137 .491 -2.221 -1.618 
830 .024 .491 .324 .756 .309 
840 -1.600 - .388 - .016 .986 .462 
850 -1.517 .567 1.362 - .529 .168 
860 .981 - .489 .549 .066 - .918 
870 - .943 .133 - .705 1.373 .716 
880 .024 -1.560 -1.083 - .564 -1.250 
890 - .607 - .909 -1.818 .616 - .357 
900 -1.181 -2.001 - .030 .162 - .081 
910 .612 - .310 - .640 - .094 - .014 
920 - .564 -1.090 - .983 -1.286 - .707 
930 - .809 - .237 - .186 .498 - .943 
940 1.663 1.193 - .945 .556 - .275 

*values eliminated as part of the ARMA modeling process 
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Table A.8 (continued). July P.D.S.I. estimate for the 
prehistoric era using the Mimbres tree ring chronology • 

950 .206 - .261 -1.036 - • 765 -1.782 
960 .754 - .079 - .538 - .415 - .235 
970 .556 - .803 - .691 .033 -1. 212 
980 -1.453 -1.141 .264 - .489 -1.281 
990 - .885 - .798 -1. 027 - .549 .369 

1000 - .836 - .803 -1.867 - .751 - .166 
1010 - .667 .115 - .152 - .533 - .729 
1020 1.836 .571 .013 - .863 1.754 
1030 - .335 -1. 368 - .163 -1.101 - .491 
1040 - .039 -2.007 - .860 1.110 - .141 
1050 .551 -1. 827 1.128 - .221 - .402 
1060 .378 .311 - .342 .641 .206 
1070 - .277 .128 .683 -1. 333 - .538 
1080 - .952 - .950 1.142 -2.074 .879 
1090 -1.869 -1.012 .389 .759 -1.364 
1100 .774 .865 .612 .280 -1. 003 
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Table A.8 (continued) • July P.D.S.I. estimates for the 
prehistoric era using the Mimbres tree ring chronology. 

5 6 7 8 9 

530 - .021 -1.159 .351 - .901 .166 
540 .021 .086 .747 -1.366 .845 
550 1.304 - .769 - .101 -1. 299 .440 
560 - .005 - .433 - .001 -1. 019 .329 
570 .182 - .471 - .395 - .239 - .624 
580 - .266 -1.003 - .932 - .671 .220 
590 - .161 -1.117 - .293 .342 - .983 
600 .676 - .391 -1. 943 .451 -1. 203 
610 -1.604 1.917 3.910 3.333 5.324 
620 -1.326 - .863 - .555 - .266 - .678 
630 - .128 - .032 - .301 .104 .364 
640 -1. 952 - .155 .603 -2.678 .674 
650 - .226 .549 .146 -2.602 .021 
660 1.302 .667 - .068 1.166 .371 
670 1.155 .574 -1.669 - .112 - .261 
680 .033 - .379 .298 - .384 1.540 
690 .422 - .077 - .451 .518 - .495 
700 -1. 232 -1.388 .489 .767 -1.192 
710 .422 .115 -1.301 - .749 - .934 
720 - .155 - .970 - .413 .903 .438 
730 1.231 - .466 .828 -2.604 - .097 
740 .066 - .464 .019 -2.063 1.676 
750 .233 - .241 - .892 .099 - .805 
760 - .680 .480 -1.112 .257 .360 
770 - .074 - .099 .861 - .428 -2.116 
780 1.275 - .562 1.712 - .760 - .415 
790 - .384 -1.368 - .313 - .235 - .077 
800 .284 1.053 -1.110 - .591 -1. 070 
810 .333 .416 - .301 -1.580 .623 
820 - .696 .126 .451 .309 -2.076 
830 - .382 - .573 -1.295 .576 -1.192 
840 - .286 -1. 740 -1.359 .914 .320 
850 - .676 - .749 - .943 1.275 - .108 
860 .021 - .132 -1.308 -1.575 .543 
870 - .248 .995 - .705 -1. 811 .903 
880 - .248 .404 - .522 .273 - .382 
890 .449 .560 1. 970 - .820 - .092 
900 - .313 -1.876 - .923 - .163 .445 
910 .663 - .825 .124 .491 .224 
920 .520 .215 -1.001 .756 -2.112 
930 - .958 - .368 -1.569 .714 1.449 
940 .868 .222 - .286 - .878 .371 
950 - .725 .480 - .440 - .618 .467 
960 .696 - .023 .404 - .428 -1.342 
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Table A.8 (continued). July P. D. S. I. estimates for the 
prehistoric era using the Mimbres tree ring chronology. 

970 -1. 753 1. 044 1.144 -1.319 .799 
980 - .382 .794 1.694 1. 794 - .. 132 
990 .298 .404 .565 -1.511 -1.304 

1000 - .843 .823 1.694 - .462 -2.355 
1010 .745 .338 - .560 -1. 061 - .295 
1020 - .484 .402 - .965 - .275 .182 
1030 -2.050 -1.707 .253 - .529 .678 
1040 .004 1.144 .211 -1.872 1.128 
1050 .309 - .484 .177 - .749 .275 
1060 .108 - .965 - .858 .705 -2.248 
1070 -1.199 .843 .378 - .809 1.126 
1080 -1.511 - .727 .133 .137 .148 
1090 .324 .021 -1. 753 .803 -1.785 
1100 .131 .347 
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Table A.9. July P.D.S.I. estimates for the prehistoric era 
using the Pinelawn-Reserve tree-ring chronology. 

0 1 2 3 4 
570 
580 * -1.121 .215 .735 1.176 
590 -2.402 - .699 .619 .528 - .115 
600 - .311 - .420 -1. 523 -1.090 -1.292 
610 -1.379 -1.145 .171 - .557 -1.323 
620 -1.003 1.430 .237 - .675 - .115 
630 -1.225 - .519 - .935 .126 - .553 
640 - .531 .719 -1. 638 1.256 - .799 
650 -1.228 - .557 .639 .414 -1.885 
660 -2.335 - .824 - .673 - .815 - .992 
670 .459 - .746 - .391 .684 -2.346 
680 - .544 - .988 .089 .209 .586 
690 -1.414 .315 -1.177 .051 -1.516 
700 - .559 - .562 - .688 - .528 -2.007 
710 - .131 -1.081 - .859 - .180 .413 
720 - .708 -1. 756 -1. 017 -1.680 - .950 
730 .866 .724 - .257 - .149 -1.268 
740 .391 -1. 720 -1.578 -1. 638 .080 
750 -1. 039 -2.227 .160 - .773 - .266 
760 -1.818 - .193 -1.450 .557 -1. 909 
770 -1.969 .366 .659 -1.037 -1.896 
780 - .253 -1. 019 .002 1.410 - .448 
790 -1.177 1. 028 -1.450 - .284 -1.929 
800 - .351 - .071 - .064 .062 .402 
810 .060 - .566 - .027 - .213 -1.725 
820 1.292 - .022 .235 -2.715 -2.138 
830 - .024 .233 .712 1.052 1.592 
840 -2.122 - .231 .033 1.176 - .169 
850 -1.325 - .866 .328 - .930 .648 
860 .950 - .009 .124 .859 - .417 
870 -1. 756 1.325 -1.443 .013 - .830 
880 .140 .080 - .935 -1. 010 -2.346 
890 - .422 - .280 -1. 607 .615 -1.798 
900 -1. 596 -2.116 - .654 -1.596 .524 
910 -1.010 - .730 -1.208 - .806 - .748 
920 -1. 496 -1.843 - .859 - .624 - .517 
930 - .058 .446 - .300 - .309 -1.192 
940 - .071 .126 - .624 - .173 .106 
950 - .826 - .528 .395 - .397 -2.380 
960 .098 - .866 - .200 -1.005 -1.423 
970 - .329 - .624 -2.240 - .064 - .528 
980 -1.396 - .610 .459 - .654 -2.313 
990 -1. 634 -2.908 - .020 -2.102 1.900 

*values eliminated as part of the ARMA modeling process 
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Table A.9 (continued) • July P.D.S.I. estimates for the 
prehistoric era using the Pinelawn-Reserve chronology. 

1000 1.410 -1.308 - .990 - .306 - .959 
1010 .066 - .371 - .062 - .637 -1.259 
1020 .382 - .864 - .382 - .344 .856 
1030 - .198 - .690 - .366 - .433 - .966 
1040 - .899 -1.669 - .957 - .582 - .886 
1050 - .206 .080 .595 - .104 - .604 
1060 .70B - .260 - .597 - .102 - .504 
1070 - .317 - .579 .266 - .395 .406 
1080 - .577 -1. 714 1.656 - .654 .72B 
1090 -1.314 1.030 .668 .946 1.501 
1100 -1.010 .195 - .812 - .411 -1. 452 
1110 - .628 -1.379 -1.050 -1. 070 - .979 
1120 -1.612 - .433 .075 - .300 .277 
1130 -1.177 -2.136 - .129 -1.3B1 -1.720 
1140 .273 1.316 .879 -1.061 - .093 
1150 -2.100 - .255 -1.019 - .011 - .655 
1160 .184 - .229 .078 - .988 .626 
1170 .064 - .646 - .151 - .220 - .730 
1180 - .186 - .166 -1.678 - .084 - .391 
1190 - .402 - .506 -1.328 - .160 - .357 
1200 .823 - .411 .080 - .577 -1.336 
1210 - .011 - .590 - .138 - .329 -1.106 
1220 - .741 - .537 -1.181 - .093 -1.423 
1230 - .344 .393 .311 -1.9B7 - .466 
1240 - .986 1.128 - .837 - .271 - .073 
1250 - .710 -2.422 - .635 -1. 270 -2.016 
1260 - .972 - .526 - .826 - .437 - .573 
1270 - .526 - .051 -1.452 - .428 - .111 
1280 -1.110 .222 -1.787 -1.374 .202 
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Table A. 9 ( continued) • July P.D.S.I. estimates for the 
prehistoric era using the Pinelawn-Reserve chronology. 

5 6 7 8 9 
570 * * 
580 .613 - .299 -1.643 .251 .599 
590 - .484 - .619 .903 - .551 -1.445 
600 - .497 - .508 - .293 - .795 -1.703 
610 -1. 088 .535 .317 .451 -1.265 
620 -2.475 -1.414 .189 - .069 1.114 
630 . - .708 1.183 - .624 -1.905 - .435 
640 -2.617 -1.538 - .750 - .795 2.038 
650 .291 .872 .051 -1. 316 - .035 
660 - .517 .066 - .484 - .384 - .331 
670 .764 - .404 -1. 445 - .619 - .300 
680 - .646 -1.796 .124 - .570 .524 
690 .144 - .058 .211 - .617 - .553 
700 - .788 -1.938 - .739 .322 -1. 878 
710 .433 .426 - .557 -1.092 .051 
720 .286 -1.037 .122 .997 .264 
730 - .282 - .797 .173 -2.451 - .626 
740 - .351 .701 .875 - .584 2.924 
750 - .437 -1.159 -1.372 .126 - .575 
760 - .626 .397 -2.003 .388 - .824 
770 - .422 - .504 .959 -1.856 -1.345 
780 -1.003 -1.569 - .746 -1.641 - .440 
790 - .759 - .386 .191 -1.336 -1.121 
800 - .047 .209 -1.394 - .089 -2.460 
810 1.068 - .577 -1.174 -2.451 - .044 
820 -1.026 - .320 - .391 - .113 -1.170 
830 - .688 - .579 -1.887 .126 - .690 
840 - .895 -2.608 -1. 847 .966 - .531 
850 - .544 .357 -1.103 1.310 -1.017 
860 - .761 - .624 -1. 829 - .895 .211 
870 - .284 .795 -1.130 -1.814 - .524 
880 -1. 334 - .249 - .553 -1.321 -1.339 
890 .355 -1.054 1.627 1.836 - .273 
900 - .479 -2.537 -1.050 - .131 -1.145 
910 .710 .124 -1.070 1.403 .049 
920 - .204 - .859 - .728 .781 - .684 
930 -1. 014 .306 -2.013 .710 - .455 
940 - .404 -1. 281 .462 - .375 .382 
950 .637 .564 -1. 603 -1. 294 .140 
960 .981 .149 - .424 - .022 -2.042 
970 -2.007 - .151 .206 - .484 - .952 
980 - .457 1.341 .104 2.002 1.356 
990 -2.198 - .939 -1. 043 - .348 -1.421 

*values eliminated as part of the ARMA modeling process 
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Table A.9 (continued). July P.D.S.r. estimates for the 
prehistoric era using the Pinelawn-Reserve chronology. 

1000 -2.409 .379 - .193 - .331 - .599 
1010 - .417 - .038 - .517 - .426 -1.763 
1020 - .650 .255 - .462 - .224 - .140 
1030 -2.000 -1.336 -1.301 -1. 261 - .868 
1040 - .408 - .420 - .229 - .870 .007 
1050 .042 - .277 - .304 - .437 - .795 
1060 .779 .018 -1. 361 - .479 .124 
1070 - .677 1.456 1.472 1.179 1.279 
1080 -1.314 1.030 .668 .946 1.501 
1090 - .424 - .135 -1.476 - .397 -2.011 
1100 - .098 - .402 - .602 -1.985 .357 
1110 - .206 - .313 .353 .133 -1.185 
1120 .419 - .912 .641 - .131 - .790 
1130 - .362 - .108 -2.586 - .038 .857 
1140 .166 -1. 536 - .941 - .568 -1.552 
1150 - .200 -1.094 - .451 -1.569 - .169 
1160 - .484 - .673 .351 -1.385 -1.347 
1170 -1. 347 - .126 -1.245 - .293 - .759 
1180 - .852 -1. 228 - .302 - .386 - .457 
1190 .155 - .411 .080 - .577 -1.336 
1200 -1.550 - .966 - .169 - .606 1. 030 
1210 -2.153 - .946 -1.727 - .397 - .195 
1220 .226 - .817 -1. 960 .140 .872 
1230 .664 - .875 .792 .233 .222 
1240 - .737 - .473 -1.354 .446 .222 
1250 - .548 - .741 - .695 - .551 1.221 
1260 1.168 -1.505 .138 - .533 - .899 
1270 .608 -1.625 - .848 - .875 .850 
1280 - .935 -1.856 
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Table 10. Mathematical and Statistical Information Relevant 
to Comparisons of Actual and Estimated July 
P. D. S. I. Values for the Modern Ends of Historic 
Period Tree Ring Chronologies. 

Mimbres 

Mean S.D. 
ARMA Modeled T-R Series -.116 .42 

(Modern Chronology) 

Pinelawn
Reserve 

Mean S.D. 
0.00 .45 

Actual July P.D.S.I. 
(1917-1977) 

-.314 2.03 -.314 2.03 

Pearson's Correlation 
Coefficient 

(Actual P. D. S. I. 
versus final tree-ring 

based estimates) 

2 
r 

(Square of correlation 
coefficient, percentage 
of variance in common 

between actual July 
P.D.S.I. values and 
tree-ring based 

estimates) 

Student's t-test 
(actual July P.D.S.I. 
versus tree-ring based 

estimates) 

Wilcoxan Ranked 
Sign Test 

K-S test 
(z-score) 

.53 
(p=.001) 

28% 

-.01 
(p=.99) 

-.46 
(p=.64) 

.73 
(p=.65) 

.56 
(p=.OOl) 

31% 

.77 
(p=.99) 

-.31 
(p=.64) 

.63 
(p=.83) 
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