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ABSTRACT

This study investigates the transition from hunting and

gathering economies to mixed economies involving both agriculture and

hunting and gathering. Specifically, the problem of when, why, and

how the transition to agriculture occurred in the arid-semiarid river

basins of southeastern Arizona is explored. Modern environmental

conditions are described, and the nature and sources of climatic,

biotic, and fluvial systemic variability are considered.

Anthropological and ecological models of hunter-gatherer adaptations

to arid environments are used to reconstruct the general subsistence

economy of preagricultural societies in the region, and to portray the

process of the spread of agricultural production strategies. Two

models of the transition are presented, one involving the adoption of

agriculture by indigenous hunting-gathering societies, and the other

involving the arrival of immigrant societies already practicing

agriculture to a significant degree. Previous studies of the

transition to agriculture in the American Southwest are reviewed, and

new data are presented from excavated Late Archaic (ca. 3000-2000 BP)

sites in southeastern Arizona. These data show that agriculture

appeared by at least 2800 BP in this area, and that it spread rapidly

across the American Southwest. It was already an important

subsistence strategy and was associated with semisedentary village

sites that have no known predecessors in the archaeological record.

13
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It is concluded that the adoption of agriculture, with its associated

storage technology, is an important strategy by which human

populations can mitigate some of the risks associated with foraging in

an environment characterized by predictable seasonal variation in

resource availability and unpredictable, climatically-induced

fluctuations in the productivity of wild resources over time.



CHAPTER 1

INTRODUCTION

It has often been observed that one of the most fundamental

changes in the way humans adapt to arid environments came with the

development of agriculture. Societies possessing domesticable or

already domesticated plant species, territories with climate, water,

and land suitable for growing the plants, and the technological

knowledge for producing crops are able to establish a pattern of

existence quite different from societies dependent solely upon the

hunting and gathering of wild resources. However, the transition from

a hunting-gathering economy to one including agriculture is a complex

process involving a variety of social and natural factors. The

complexity is compounded by the fact that in most arid environments

this transition occurred several thousand years ago in social and

natural contexts which were particular to a given time and place.

This makes the transition an appropriate topic for archaeology, but

more especially for interdisciplinary investigation.

15



Statement of the Problem

This dissertation evaluates the nature of the transition from

hunting-gathering economies to agriculturally-based economies in the

arid-semiarid river valleys of southeastern Arizona. Five separate

but closely related questions have been defined to guide study of the

transition. They are:

When did the transition occur?

Under what environmental conditions did the transition

take place?

How rapidly did the transition occur?

How did human adaptive strategies change with the

transition?

What cultural processes were responsible for the

transition?

The transition to agriculture has long been seen by

archaeologists as a critical step in the development of more complex

societies. Agriculture is important because it redefines the

relationship between humans and their food supply through the

evolutionary development of plant species or varieties whose

reproductive success is intimately linked to the care they receive

from humans. Thus, some degree of cultural control over the

quantities and kinds of food available for consumption may be realized

16



17

with agriculture. With cultivation, the food supply is to a large

degree a function of the amount of human labor invested in the

planting, tending, harvesting, and storing of crops, and the level of

technology employed in crop production. By contrast, the food supply

of societies subsisting by foraging (hunting, gathering, fishing,

etc.) is largely or completely dictated by the covariation of

precipitation, temperature, and other environmental forces arid

processes over time, coupled with technological and social factors

that structure their access to food resources. This is not to say

that environmental conditions are unimportant for agricultural

production, but rather that human tending of domesticated plants can

ameliorate some effects of the environment. Examples include

irrigation to offset deficiencies in rainfall, control of insect and

mammal predators, and removal of competing plant species. Therefore,

the transition from foraging to farming is a major advance in the

evolution of human adaptive behavior. By increasing control over the

food supply, agricultural production strategies can help underwrite

other social developments. However, the transition to agriculture is

not a simple step on a unilinear path of cultural evolution. An array

of cultural and environmental variables may accelerate or retard the

rate at which the transition occurs and the degree to which

agriculture is integrated into the subsistence system. In many areas

the transition to agriculture is not a complete replacement of

foraging so much as an augmentation of foraging with agriculture.
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A number of theoretical treatises and several empirical

studies in the Old and New Worlds have focused on the problem of the

origins of agriculture, that is, the initial domestication of certain

plant species and the development of techniques to control their

location, density, and yield. However, the processes by which these

cultigens and the strategies and techniques for their manipulation

spread outward from points of original domestication have received

less study. It is important to identify and understand the reasons

why agriculture supplemented or supplanted pre-existing foraging

adaptations in many environments, and by what mechanisms it spread

into new environments. Further, it is important to determine in what

ways human subsistence and settlement strategies changed when

agriculture was integrated into the economy.

The nature of the questions posed calls for a

multidisciplinary perspective, using both theory and data from

anthropology, ecology, Quaternary geology, and climatology. Such a

broad perspective is critical to understand the roles played by both

cultural and environmental variables, and also because archaeological

data applicable to the problem are as yet few. The advantage of

theoretical studies is that they are generalizing in nature, and

sufficiently flexible to allow creative approaches to the definition

and solution of problems. In the study of process they are

indispensible, for they can draw attention to important variables arid

relationships among variables that may not be well represented in the



archaeological record. Empirical studies have the advantage of

detail and specificity about conditions at a particular place and

time, and can therefore serve as a means to evaluate, modify, or

generate theories.

As used in this study, agriculture means the production of

food by cultivation of domesticated plant species (see also Wills

1988a: 2). There is considerable variation in the specific meaning

assigned to the term "agriculture" (Harris 1989), particularly in

studies dealing with the origins of agriculture. Some have employed

"agriculture" to denote greater reliance on cultigens or economic

commitment to food production (see Bender 1978 for example), and

"horticulture" to describe less intensive or less technologically

sophisticated farming systems. However, such usage confuses a

subsistence practice or strategy with a degree of economic dependence.

The degree of economic dependence may change, as may the methods

employed to cultivate the crops, but the practice is still agriculture

(see Bronson 1977: 25-26). Therefore, agriculture in its broadest

sense as a subsistence strategy will be used without any implication

of a particular degree of economic reliance or specific level of

technological sophistication.

19



The Geographic, Cultural, and Temporal Contexts

This study focuses on portions of the Santa Cruz and San Pedro

river valleys in southeastern Arizona. As shown on Figure 1.1, the

area is defined on the south by the U.S.-Mexico border; on the east by

the Mule, Dragoon, Winchester, and Galiuro mountains; on the north by

an arbitrary westward projection of the Cochise County-Graham County

line; and on the west by the Tucson, Sierrita, and Tumacacori

Mountains. The two perennial rivers and the high mountains make

southeastern Arizona more biotically diverse and better watered than

either the Sonoran Desert to the west or the Chihuahuan Desert to the

east. In fact, environmentally this area has much more in common with

the northern foothills and margins of Mexico's Sierra Madre region

than does any other part of southern Arizona.

The general temporal setting of the transition to agriculture

in southeastern Arizona is the later part of the preceramic or Archaic

period of Southwestern prehistory, between 3500 and 2000 years before

present (BP). Culturally, the transition occurred in an area

inhabited by groups arohaeologically identified in the 1930s as the

Cochise Culture, named after Cochise County in which most of the sites

attributed to this culture were first found (Sayles and Antsvs 1941;

Sayles 1983). The Coohise Culture has been divided into three

(Sulphur Spring, Chiricahua, and San Pedro) or four (Sulphur Spring,

Chiricahua, Cazador, and San Pedro) temporally and artifactually

20
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discrete stages or phases (Sayles and Antevs 1941; Sayles 1983); the

three stage division appears preferable on geoarchaeological grounds

(Waters 1986). Although the precise dating of the stages remains a

subject of disagreement, the Sulphur Spring stage sites are at least

early Holocene if not late Pleistocene in age. It is the Chiricahua

and San Pedro stages that have figured prominently in previous

discussions of the adoption of agriculture; the former may date

between 8000 and 3000 BP, while the latter has been assigned a range

of 3000-2000 BP (Sayles 1983). It should also be noted that the

distinctiveness of the Cochise Culture as a regional manifestation of

the broader Southwestern preceramic period has been questioned

(Huckell 1984a; Berry and Berry 1986; Wills 1988a), and the suggestion

made that broader designations be used until such time as more

detailed regional and local information is available. This suggestion

will be followed here, with Middle Archaic substituting for the

Chiricahua stage and Late Archaic for the San Pedro stage. The

suggested age range for the Middle Archaic period is between 6800 and

3500 BP, and for the Late Archaic period a range of 3500-1800 BP is

proposed (Huckell 1984a: 192-198).

Prior to 1980, agriculture was believed to first appear during

the Middle Archaic period (Chiricahua stage), but only in the higher

elevation, more mesic environments of the Mogollori highlands of west-

central New Mexico arid east-central Arizona. It was also thought to

be of no great economic importance, and was not believed to have
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reached the arid, lowland environments of the basin and range province

until the Late Archaic period (San Pedro stage) shortly before the

time of Christ. However, a resurgence of interest in the adoption of

agriculture in the Southwestern United States occurred in the 1980s.

Fueled by new discoveries and re-evaluation of earlier data, as well

as by continuing theoretical and empirical research into the origins

of agriculture, inquiries into the age and importance of agriculture

in the Southwest have called into question many of these earlier

conclusions. This study presents new data from southeastern Arizona

that bear on these issues.

The principal archaeological focus of the study is a Late

Archaic surface site in the eastern Tucson Basin named Milagro (AZ

BB:1O:46)(Fig. 1.1). It was discovered and initially investigated

during a contract archaeological project in 1984, and it yielded

substantial evidence of the role of agriculture in the Late Archaic

economy. Further research there was undertaken in 1988 to expand and

clarify understanding of site composition and content. Results of the

work at Milagro raised questions about three Late Archaic (San Pedro

stage) sites investigated over 50 years ago at Fairbank and Charleston

on the San Pedro River (Fig. 1.1). These sites were structurally,

artifactually, and probably temporally very similar to Milagro, but

were deeply buried in floodplain alluvium. Although none had produced

evidence of agriculture when first excavated, evidence of cultigeris

should be present at them if the transition to agriculture was an
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event of regional significance. Further, such evidence should be

recoverable using simple soil flotation sampling techniques. In

addition, their positions in alluvial deposits might provide valuable

data on environmental conditions along the San Pedro. Therefore,

limited geoarchaeological work was undertaken at the Fairbank Site (AZ

EE:8:1), the Charleston Site (AZ EE:8:11), and at the West End Site

(AZ EE:8:5) in an attempt to integrate them into the picture of Late

Archaic agriculture in southeastern Arizona. Further, their positions

in alluvial deposits allowed examination of the behavioral dynamics of

the San Pedro River before, during, and after their occupation by Late

Archaic groups.

Approach to the Problem

It will be shown that the southeastern part of Arizona

possesses a diverse and locally abundant biotic resource base which

displays great seasonal and annual variability in resource production.

This variability means that human foragers must have had to cope with

considerable uncertainty about the relative abundance of their food

supplies over the course of years, decades, and centuries. Such

uncertainty would have had implications for the patterns of mobility,

demography, and social organization. Use of the region by hunter-

gatherers will be reconstructed from cross-cultural ethnographic

models of foraging societies and available archaeological data. It

will be argued that agricultural production of food would constitute a
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means to reduce this uncertainty and foster the development of new

adaptive strategies. The region will be shown to offer climatic

conditions, arable land, and surface hydrologic conditions attractive

for agriculture.

Based on theoretical perspectives of human ecology two models

by which agriculture may have arrived in the region are defined. The

first of these is the adoption of agriculture by indigenous hunting-

gathering populations, and the second is the arrival of immigrant

groups already in command of agriculture. Existing models of the

transition to agriculture in the Southwest are critiqued in light of

these theoretical processes, as well as against available

archaeological and ecological data. New archaeological data will be

presented to document that a mixed farming-foraging economy associated

with stable settlements and intensive storage of food was in place in

the Santa Cruz and San Pedro river valleys by approximately 1000 BC.

Further, these settlements mark the earliest documented appearance of

agriculture yet known within the area. It will be argued that these

data, coupled with those from other parts of the Southwest, indicate

that a rapid transition from hunting and gathering to agriculture

occurred in southeastern Arizona and much of the Southwest. These

data are shown to best support a transition to agriculture in

southeastern Arizona achieved by the immigration of groups already

practicing agriculture from northern Mexico. TF paucity of

archaeological data make this explanation tentative, however, and
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further research at sites older than 1000 BC is critical for

determining whether the appearance of agriculture is in fact as rapid

as existing data make it appear.

The remainder of this dissertation is organized into six

chapters. Chapter 2 presents the modern environmental setting for the

research. Descriptions of the nature and scale of climatic, biotic,

and fluvial geomorphic variation found under the modern environmental

regime are provided, and evidence for paleoenvironmerital change and

stability over the last 4000-6000 years is considered. The

organizational aspects of human exploitation of the biotic resource

base are also considered as a means to identify the opportunities and

limitations faced by foragers in this environment. Chapter 3 is

devoted to a consideration of relevant theoretical treatments of

foragers and how the preagricultural Middle Archaic hunter-gatherers

may have functioned in the study area. Also presented are the two

alternative theoretical models which may account for the transition to

agriculture. Chapter 4 traces the history of research into the

transition to agriculture in the American Southwest, and critiques the

models that have been developed to explain the transition. Chapters 5

and 6 present new archaeological data from southeastern Arizona

bearing on the transition to agriculture. The 1984 and 1988

investigations at Milagro are the subject of Chapter 5, which

describes the local environment, the excavated cultural features, and

provides the results of the analyses of artifacts and soil flotation
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samples. In Chapter 6 the geoarohaeological study of the Fairbank,

Charleston, and West End locales in the San Pedro Valley is presented.

The archaeological and geological results of work at each site are

described separately and compared to earlier studies, and a discussion

of the implications of the results concludes the chapter. Chapter 7

summarizes the data on the environmental and cultural contexts of

early agriculture in southeastern Arizona, and applies this

information to a consideration of the questions posed above. The

implications and limitations of these new data for understanding the

transition to agriculture in southeastern Arizona and the Southwest as

a whole are discussed in the concluding section of the chapter.



CHAPTER 2

ENVIRONMENTAL CHARACTER ISTICS OF SOUTHEASTERN AR IZONA

In order understand the transition to agriculture in

southeastern Arizona, it is important to appreciate the physiographic,

climatic, and biotic conditions found here today and in the past. The

purpose of this chapter is to describe the environmental

characteristics of the area, and to consider the opportunities and

limitations that they present to human populations. It will be shown

that southeastern Arizona offers excellent resource diversity and

accessibility, but that this is accompanied by significant,

unpredictable, seasonal and annual variation in resource production.

The source of this variation is primarily climatic, buts its effects

are felt by plants and animals and are manifested as well in stream

behavior. The nature and frequency of climatic variation is assessed

over the period of historic record, and the potential extent of Its

impact is considered. Also discussed are the issues of short- and

long-term changes in the environment, and their attendant effects on

conditions in the area.
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Physiography

Physiographically, this region is dominated by two north-

northwest flowing drainages separated by mountains--classic basin and

range topography, described by Gehlbach (1981) as "mountain islands

and desert (grassland) seas." As shown in Figure 2.1, from west to

east the major drainages include the Santa Cruz River, Cienega Creek

(a tributary of the Santa Cruz), and the San Pedro River. The Santa

Cruz and San Pedro rivers are northward-flowing tributaries of the

Gjla River; to the east is Whitewater Draw, a southward-flowing

tributary of the Rio de Bavispe. Intermittent, runoff-induced flow

through long reaches of deeply trenched channels is typical of most of

the Santa Cruz and much of the San Pedro today. These streams were

characterized by slow, semipermanent or perennial flow along most of

their lengths before the last two decades of the 19th century, and

included numerous cienegas or marshes (Bryan 1925; Cooke and Reeves

1976; Hendrickson and Minckley 1983). Generally the stream channels

were broad and shallow, although entrenched reaches were apparently

present as well. These conditions are discussed more fully later in

this chapter.

The mountain ranges separating these valleys are generally

aligned on north-northwest to south-southwest axes. Principal

interbasin chains of ranges, from west to east, include the Santa

Catalina, Rincon, Santa Rita, and Patagonia mountains; the Whetstone
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and Huachuca Mountains; and the Galiuro, Winchester, Dragoon, and Mule

mountains (Fig. 2.1). These ranges reach elevations ranging from

slightly over 1800 m (6000 it) to more than 2700 m (9000 ft) in three

cases. Geologically most of these ranges are complex mixtures of

Precambrian igneous rocks; Paleozoic sediments; Mesozoic igneous,

metamorphic, and sedimentary rocks; and Cenozoic igneous rocks (Cooley

1967). The folding and faulting of the Laramide caused the uplift of

the mountains, with subsequent modifications during the Cenozoic (E.

Wilson 1962; Nations and Stump 1984). Tertiary and Quaternary erosion

helped create the broad alluvial valley fills which characterize the

intermontane basins. The valleys themselves are generally broad,

displaying long, gentle alluvial slopes with two or three distinct

geomorphic surfaces.

Climate

Temperature and precipitation data can be used to classify the

study area as generally displaying a warm steppe climate in the basins

and a warm highland climate in the mountain ranges (Hendricks 1985:

Fig. 28). Tucson is right on the eastern edge of the zone of warm

desert climate which covers much of western Arizona.

Climatic conditions in this area have been summarized by

several authors (Martin 1963: 3-4; Hastings and Turner 1965: 7-21;

Sellers and Hill 1974: 3-48). Perhaps the most striking feature of
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the climate is a biseasonal rainfall pattern with distinct winter

(December-March) and summer (June-September) peaks. Winter

precipitation results from large-scale cyclonic storms spawned in the

northern Pacific Ocean and embedded in the belt of prevailing westerly

winds between 25 degrees and 60 degrees N latitude (Sellers and Hill

1974: 14). The centers of these storms often pass north of Arizona,

moving through quickly and producing widespread but relatively little

precipitation. Their contribution to mean annual precipitation

diminishes significantly from northwest to southeast across Arizona.

In southeastern Arizona they may account for only 30-40 percent of the

annual total, but in northwestern Arizona 65-70 percent of the annual

total is derived from these storms (Hendricks 1985: P1. 6). Summer

storms, by contrast, are generally convective and result from moisture

circulated into the state from the Gulf of Mexico and the Pacific

Ocean around high pressure systems in the central United States.

Individual thunderstorm cells generally build and coalesce over the

mountains where maximum orographic uplift and thermal heating combine

(Sellers and Hill 1974: 9-12). Rainfall is typically intense for

short periods of time in localized areas, but is notoriously hit or

miss during the summer monsoon season. In southeastern Arizona 60-70

percent of the annual precipitation may fall during the summer season,

principally in July and August.

considerable year-to-year variability, as is typical of arid climates.
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The mean annual figures presented by Sellers and Hill (1974: Fig. 3)

for the study area range from slightly over 254 mm (10 inches) in the

low-lying intermontane basin near Tucson to in excess of 635 mm (25

inches) in the upper elevations of the Santa Catalina, Santa Rita, and

Huachuca mountains. Table 2.1 presents precipitation data for

stations located along the valley floors of the iritermontane basins.

Note the variability of the mean annual figures, as shown by the

associated ranges.

Temperature data for the study area show that most valley

floor stations experience monthly mean minima above 35 degrees C (95

degrees F) during at least one month of summer, but daily maxima a ove

38 degrees C (100 degrees F) occur at all stations. Summer monthly

mean minima range between 10-16 degrees C (50-60 degrees F). Freezing

temperatures are not uncommon in the basins between November and

March, but all stations show frost-free growing seasons of no less to

230 days (Table 2.1). The mountains are much cooler, especially in

the summer when up to a 9 degree C (15 degree F) difference can exist

between the basins and mountains.

Soils

The soils of the intermontane basins of the study area are

generally classified as thermic semiarid, while those-in the mountains

are grouped together as mesic subhumid or frigid subhumid (Hendricks
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FF days frostfree days
Elevations are in feet
Precipitation is in inches

Climatic Data for Selected Stations
in Southeastern Arizona

Mean Mean Annual Precip.
Station Elev Record FF Days Ann. % Summer Low High

Nogales 3808 1931-72 250 15.49 65 9.33 25.88
Ainado 3100 1941-72 - 12.72 65 6.03 18.88
Tucson 2444 1931-72 338 10.73 60 5.72 16.26
Elgin 5N 4900 1931-70 - 13.96 60 5.38 24.52
Benson 3590 1931-72 285 11.41 65 5.47 19.87
Fairbank 3850 1931-72 - 11.45 65 4.82 19.63
VLightning 4550 1939-72 - 12.74 65 6.57 20.94
San Rafael 4741 1931-68 231 16.50 65 10.82 26.64

Data from Sellers and Hill (1974)
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1985: P1. 1). The former soil association includes aridisols and

entisols, and accounts for approximately 80 percent of the area.

Within these gross soil associations there are many specific, named

soils developed on a wide range of parent materials. Many of them are

several tens to hundreds of thousands of years old, and were developed

under a variety of former climatic and vegetative conditions. Most

are isomorphic with definable geomorphic surfaces of varying ages on

alluvial slopes extending basiriward from the mountains, or with nearby

rock outcrops along the mountain fronts. Differences in soils based

on the parent materials on different portions of single geomorphic

surfaces can also occur.

Hendricks (1985: Fig. 46) shows the variability in thermic

semiarid soil profiles across a mountain-alluvial slope-stream cross-

section in the middle Santa Cruz valley. Similar soil catenas have

been described in all of the valleys. It should be noted that the

soils associated with late Pleistocene or older surfaces tend to

contain strong clay B horizons (paleargids), strong calcic B

(calciorthids) or K (paleorthids) horizons, or both. Younger soils

found along the historic floodplains of the streams draining the

intermontane basins lack these properties, and are the most attractive

for agriculture. These entisols are classed by Hendricks (1985: 93,

95) as typic torrifluvents. Entisols are common where slow floodplain

aggradation mitigates against the development of discrete soil

horizons, but provides organic and mineral enrichment of the alluvium.



Buol and others (1980: 228) observed that these soils are excellent

for "primitive agriculture" due to these properties.

Biota

The basin and range physiography of southeastern Arizona has

generated conditions favoring the development of six distinct,

vertically separated biotic communities. Differences in elevation,

slope, aspect, soils, and microclimate act to support communities

ranging from desertscrub to coniferous forest, often within a

horizontal space of less than 10-15 km (6-9 miles).

Biogeographically, the former displays a subtropical influence, the

latter a northern boreal element. Figure 2.2 presents a map showing

the present distribution of the modern plant communities within the

study area, and each community is described below.

Vegetation

The Sonoran Desertecrub is the lowest community, and has two

subdivisions within the study area. A small arm of the Lower Colorado

Subdivision occurs along the Santa Cruz River and Brawley Wash

northwest of Tucson, while most of the Tucson Basin and that portion

of the San Pedro River below (north of) Cascabel is within the Arizona

Upland Subdivision (Fig. 2.2). The Lower Colorado Subdivision is the

most arid part of the Sonoran Desertsorub, and within the study area
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Sonoron Desertscrub,
Lower Colorado Subdivision

Sonoran Desertscrub,
Arizona Upland Subdivision
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Figure 2.2 Major biotic communities within the study area.
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it is typified by a creosotebush-white bursage series on the mountain

bajadas and by a saltbush series along the floodplains (Turner 1982:

193-197). Shrubs and annuals dominate this subdivision. By contrast

the Arizona Upland Subdivision is the "best-watered and least desert-

like desertscrub in North America" (Turner 1982: 200), and within the

study area it is represented principally by a paloverde-cacti-mixed

scrub series. It is best developed on bajadas and mountain sides, and

is marked by foothill paloverdes and saguaros but may contain a wide

range of other trees, shrubs, and cacti (Turner 1982: 200-202).

The Chihuahuan Desertacrub now occupies a substantial portion

of the San Pedro Valley, and occurs in small patches in the Sulphur

Spring Valley (Fig. 2.2). Typically it is dominated by creosotebush

in this area, with lesser numbers of tarbush, whitethorn, and ocotillo

(Brown 1982a: 169-179, Fig. 100). It is noteworthy that the

Chihuahuan Desertscrub has expanded in these valleys over the past 100

years or so, replacing plains and desert grassland communities

(Hastings and Turner 1965: 109-182). This is particularly true where

calciorthid soils are present.

Plains and desert grassland cover the upper portions of the

Santa Cruz, Cienega, San Pedro, and Sulphur Spring valleys (Fig. 2.2).

Numerous species of grass are found within this region, and they may

occur in relatively pure stands (plains grassland) as in the Cienega

and San Rafael valleys, or contain mixtures of grass, scrub mesquite,
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yucca, agave, and other shrubs. Brown (1982b: 123-131) lumps these

under semidesert grassland, and notes that this community "adjoins and

largely surrounds" the Chihuahuan Desertacrub; in the study area it

occupies the valley floors and extends to and slightly up the slopes

of the valley-bounding mountain ranges.

Ascending the mountain ranges, one encounters encinal, Mexican

Oak-Pine Woodland, arid chaparral communities. The ericinal takes its

name (encino=oak in Spanish) from several species of evergreen tree

oaks found as dominants in the lower portions of the mountain slopes

in the Santa Catalina, Rincon, Santa Rita, Patagonia, Whetstone,

Huachuca, Mule, Dragoon, Winchester, and Galiuro mountains. Three

oaks--Emory, Arizona White, and Mexican Blue--are the most abundant

species, and interspersed among them are junipers and pinyons (Brown

1982c: 59-65). At similar elevations on west-facing slopes of the

Catalina, Rincon, and Santa Rita mountains are relatively small

patches of Interior Chaparral (Fig. 2.2). These are dominated by

dense growth of shrub oak, manzanita, mountain mahogany, sugar sumac,

silktassel, and deerbrush. The occurrence of this community is under

edaphic controls (Pase and Brown 1982a). Above the ericinal and

chaparral one encounters Mexican Oak-Pine Woodland. The oaks are

silverleaf and netleaf, and are associated with Apache, Chihuahua, and

Arizona (ponderosa) pines. In recognition of their closest geographic
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relationships, Brown (1982a) classifies the encinal and Mexican Oak-

Pine Woodland together as the Madrean Evergreen Woodland. The two are

shown as a single community on Figure 2.2.

Atop the higher mountains--the Santa Ritas, Rincons, Santa

Catalinas, and Huachucas--are limited areas of montane conifer forest

(Fig. 2.2). The dominant trees include ponderosa pine, which can form

nearly pure stands, and with increasing elevation, aspen, Mexican

white pine, Douglas fir, and white fir appear. Silverleaf oak,

madrone, and buck brush may also appear in the lower parts of this

community (Pase and Brown 1982b: 46).

Finally, it should be pointed out that these are simpiy the

major vegetative communities, and that within each one may find

several discrete plant associations (Brown 1982). Whittaker and

Neiring (1975) have demonstrated the gradational aspects of these

communities within the Santa Catalina Mountains.

Although not plotted on Figure 2.2, riparian plant communities

are found along most of the drainages in the study area. These range

from the concentrations of mesquites, ironwoods, desert willows, and

blue paloverdes along ephemeral desert washes up to the deciduous

woodlands of cottonwood, ash, sycamore, willow, and walnut along

permanent streams of the desert grassland. Further, some reaches of

streams where porided or slowly moving water is perennially at or near
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the surface may contain cieriegas or riparian marshlands dominated by

sedges. These riparian and marsh communities "...tend to be small

relative to other communities, but possess an importance...totally

disproportionate to their limited geographic occurrence" (Minckley and

Brown 1982: 224), as might be expected in an arid environment.

Historically dynamic and sensitive to human impacts, these communities

have been described by Minckley and Brown (1982) and Hendrickson and

Minckley (1984).

Fauna

It is more difficult to discuss the fauna of the study area,

because the distribution of many animals, unlike that of plants, tends

to crosscut more than one biotic community. The task may be

simplified somewhat by focusing on those species known to be

economically important to humans, as shown in Table 2.2. This table

includes four taxa--bison, mountain sheep, antelope, and elk--now rare

or extirpated within the study area but known from it arohaeologioally

or historically. Mountian sheep and antelope remains have been

recovered from one Late Archaic site (Eddy 1958) in the Cienega

Valley, and from Hohokam sites in the northern Santa Rita Mountains

(Glass 1984). Bison bones have also been reported from Hohokam and

late prehistoric or early historic contexts in the San Pedro Valley

(DiPeso 1951; Agenbroad and Haynes 1975). The author also recovered a

bison skull from a Middle Archaic site (AZ BB:13:70) southeast of San
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Table 2.2

Distribution of Animals of Economic Importance
in Southeastern Arizona

Taxon Desert Grassland Woodland Chaparral Forest Riparian

MuleDeer X X X X

White-Tailed X X X X

Deer
Antelope X
Bison X

Mountain Sheep X X

Elk X

Jack Rabbit X X X

Cottontail X X X X X

* Extirpated
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Xavier Mission in the Tucson Basin. Records of elk are problematic;

four elements were tentatively identified as elk from a Late Archaic

site in the Cienega Valley (Eddy 1958), and Cockrum (1960: 250)

reported a single specimen collected in the Santa Catalina Mountains

in 1884. One taxon--javelina--which is apparently a recent arrival

from Mexico is omitted from the table. Other large mammals not listed

in the table but present in the study area today or in the recent past

include black bear, grizzly bear, mountain lion, bobcat, gray wolf,

red fox, gray fox, kit fox, and badger. It should be noted that

rodents were probably also taken as food, and larger-bodied rodents

such as the pack rat, cotton rat, and rock squirrel are quite common.

Fish, including the large-bodied Sonoran suckers, were present in

perennial streams historically, but there is no evidence for their use

prehistorically. Birds and reptiles are common and taxonomically

diverse in the study area, but probably were of minor economic

importance. Summary descriptions of the fauna within the study area

can be found in Lowe (1964), Cockrum (1960), and Brown (1982).

Human Use of the Environment

The preceding descriptions demonstrate that southeastern

Arizona is characterized by great diversity. Six major vegetative

communities occur in a relatively small horizontal space, due largely

to the great topographic relief in this portion of the basin and range

province. Further, the arid-semiarid climatic conditions are



ameliorated to some extent by the two major northward-flowing

tributaries of the Gila River.

How might human foragers organize their subsistence efforts in

such a diverse, patchy environment? No attempts have yet been made to

model the yearly seasonal round of foragers in this environment, and

this remains an important topic for future work. Unfortunately, no

preagricultural, hunter-gatherer archaeological sites in the study

area have yielded preserved plant remains to document which plant or

animal species were of importance in structuring human use of the

area. However, it is possible to predict the form that such a round

might have taken, based upon knowledge of plant foods utilized by the

historic aboriginal occupants of this general region. Table 2.3

presents a partial inventory of plants in southeastern Arizona known

to have been of dietary importance to the Pima, Papago, and Chiricahua

and Western Apache during the historic period. For each species a

note is made of which groups used it, in which community or

communities it occurs, and the approximate months during which it was

available. References substantiating its use are also provided. The

table must be used with some caution for interpreting species use in

the past. Other food plants besides these probably were used, and,

depending upon relative production in a given year, some variation in

the dietary importance of staple species could be expected as well.

Further, some plants of great importance prehistorically may have

played only a minor role in the historic period, following the Spanish
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introduction of Old World winter cultigens such as wheat, peas,

garbanzos, and lentils. Finally, the periods of availability for

particular species should be considered approximate. Moisture and

temperature conditions during a given season or year are one source of

variation in the timing of availability, and differences in

elevationa]. distribution for species with broader habitat tolerances

are another. Also, in many cases the ethnographic sources do not

indicate when a particular plant is available, or do so only in broad

terms; the same is true for some botanical sources as well. Therefore

the periods represented in the table are derived from both the

literature and from personal observation; where questions remain they

are indicated on the bar for the species.

Table 2.3 shows several important features of species

availability. First, it can be observed that there is a 4-5 month

winter period extending from mid-November into mid-March or April of

most years when there is little to no plant production. It is likely

that hunting became a very important activity during this season.

Second, two distinct pulses or periods of plant production are

evident. The first occurs in the spring, and includes species which

respond to winter precipitation. The second occurs in the summer and

fall with the appearance of those species which grow and reproduce

with summer rainfall. The first production in the spring occurs in

the Sonoran Desertscrub community, when various cactus species begin

to bud and when winter and spring annuals begin to produce edible
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leaves. Agaves make the upper desert grassland and ericinal attractive

late in the spring. Third, there is a general but not quite complete

loss of plant production of edible parts in late June and early July

during the arid foresummer. Saguaro fruits, mesquite pods, Opuntia

fruit, and possibly paloverde seeds are important exceptions available

in the Sonoran Desert at this time. Fourth, plant food availability

is at its highest in all of the biotic communities within the study

area during the summer and fall. Fifth, the Sonoran Desertscrub

contains the largest number of ephemeral and perennial species used

for food, including such important staples as mesquite and cacti.

How might human foraging populations deal with such seasonal

production in spatially discrete biotic communities? A seasonal round

of population movements can be postulated on the basis of historic

aboriginal use use of the area. During the mid to late spring the

plant resources of the Sonoran Desertscrub would attract people to

that community as chollas buds, paloverde seeds or pods, mesquite

pods, and leafy greens would be available. At approximately the same

time, agave flower stalks would start to appear, bringing people to

the desert grassland and enamel. By late spring to early summer,

corresponding to a period of minimal precipitation, foragers could

harvest saguaro fruit, mesquite pods, and paloverde seeds in the

desert. In the mid to late summer, during and after the summer rainy

season, several species would be available including walnuts along

streams and Emory oak acorns in the encinal; grass, chenopod, and
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amaranth seeds along floodplairie in the desert and grassland; arid a

second crop of mesquite pods in the desert. Fall would bring acorns

from other oak species, later-maturing grass and chenopods or

amaranths. Winter might offer no abundant plant species of any kind.

However, there is some suggestion that agaves in the grassland or

encirial might have been harvested at this time (Buskirk 1986: 169-

170). Only those which showed signs of blooming in the coming spring

were used as food. Stored resources could help to bridge this dearth

of edible plant resources in the early winter to spring period, or

hunting could be intensified. All communities contain game animals,

as shown in Table 2.2, although rabbits would be more abundant in the

desert. Deer crosscut all environmental zones, antelope and perhaps

bison may have occurred in the grasslands, and bighorn sheep may have

been present in some or all of the mountain ranges.

This brief characterization of annual movements and resource

use is highly normative, and does riot take into consideration the

dynamics of variability in environmental conditions and their effects

on food availability. That is, the annual round of resource use is

predictable because certain species are available at certain seasons

and in certain places every year, but the relative amount of food

produced by those species at a particular place is unpredictable from

year to year. Depending upon the type and severity of changes in food

availability, the normal pattern of resource use and population

movement may be expected to change. The nature, sources, and impacts



of variation in environmental productivity are treated in the next

section.

In addition to its suitability for foragers, the region offers

farmers arable land consisting principally of the broad floodplains

composed of recent alluvium of barns and sandy clay barns deposited by

overbank floods from perennial or semipermanent streams. Water would

be available from shallow stream channels or cienegas for simple forms

of irrigation, including small-scale canals or "pot" irrigation

Further, high water tables would probably have existed along aggrading

reaches of these floodplains, offering plants additional moisture for

growth. The Piman-speaking groups occupying southeastern Arizona

during the late 17th century were reported to have relatively

extensive irrigated fields along the San Pedro and Santa Cruz rivers

and their major tributaries (Bolton 1936; Castetter and Bell 1942).

Maize, squash, beans, and cotton were the traditional native crops, to

which were added Old World cultigens such as wheat, peas, lentils, and

melons. Climatic factors, including a pattern of summer-dominant

precipitation and an ample growing season, also favor agriculture. In

addition to the floodplairis of the perennial streams or reaches of

streams, ephemeral tributary drainages also offer potential floodwater

agricultural sites. Dry farming might be risky due to interannual

variability in summer monsoonal rainfall at any given location, but

floodwater farming or irrigation agriculture would lessen the risk by

50
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delivering concentrated runoff from more distant parts of the drainage

basin.

Summary

Southeastern Arizona can best be viewed as an environment

characterized by diversity. Although falling under an arid to

semiarid climate, the great physiographic relief of this southern

basin and range province creates temperature and moisture conditions

capable of sustaining biotic communities ranging from desertscrub to

coniferous forest. In contrast to other arid environments in the

Southwest, this diversity is closely packed into a relatively small

geographic space which makes the resources of these biotic communities

more accessible to animals and humans. Two perennial streams and

their tributaries provide dependable water, further ameliorating the

climatic aridity and offering excellent arable land. Biseasonal

precipitation creates two pulses of plant growth and production, one

in the spring and the other in the late summer through fall. However,

it is important to consider another characteristic of the environment

of southeastern Arizona, and that is its dynamism.

Environmental Variability

While it is clear that southeastern Arizona offers human

populations a wide range of resources, it is equally clear that
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environmental conditions are subject to fluctuations that affect the

relative abundance and availability of water, plants, and animals. It

is important to recognize the nature and sources of such fluctuations,

for they must have been of critical importance to human populations in

the past. Further, it must be recognized that fluctuations exist both

at the level of year-to-year variations within an essentially stable

environmental regime, and at the level of long-term environmental

change. Also, "environmental fluctuations," in the broadest sense

allows for variation in climatic conditions, stream behavior, and

biotic community composition and production, all linked together in a

complex system of feedback relationships but each with its own

internal variations at least partly independent of the others. The

following sections present an examination of the nature and sources of

this variation.

Short-term Variability in Precipitation

Arid and semiarid climatic regimes are noted for relatively

great variability in moisture and temperature at both the seasonal and

annual levels, and southeastern Arizona is no exception. To examine

the spatial and temporal nature of this variability, data from six

stations in and near the study area are used: Tucson, Canelo,

Tombstone, Douglas, Safford, and Clifton. The last three stations lie

outside the study area, but were used in preference to stations inside

it because they have higher quality records; gaps in record keeping
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render Benson, Fairbank, and other stations within the area

unreliable. These six stations cover a broad enough area to allow

patterns of spatial variability, yet all are within a 5ingle climatic

division united by similar patterns. Further, all have records

covering at least 75 years, and Tucson has a continuous record

spanning 120 years. This permits examination of temporal variability.

For this examination, the year is divided into a 7 month

winter half year (October-April) and a 5 month summer half year (May-

September). This is in recognition of the different atmospheric

circulation patterns responsible for producing most if not all of the

precipitation during these parts of the year, as discussed previously.

Means, standard deviations, and coefficients of variation have been

calculated for the winter and summer seasonal precipitation at each

station. These data are summarized in Table 2.4. Variation in

precipitation for both seasons is marked at all six stations, as Table

2.4 illustrates. The mean values indicate that summer precipitation

exceeds winter precipitation; between 53 and 66 percent of the mean

annual total arrives in the summer. The coefficients of variation

show that summer precipitation is less variable than winter

precipitation at all stations. For winter the coefficients range from

a low of 48 percent to a high of 58 percent, while for summer the

figures vary from 28 percent to 41 percent. McDonald (1956) first

documented this relationship of greater year to year variation in

winter precipitation, although he also established that in any given



Table 2.4

Variability in Seasonal Precipitation for Southeastern Arizona

X mean (in inches)
SD standard deviation
CV Coefficient of variation (SD/X x 100)
N length of record in years

54

Season Tucson Canelo Tombstone Douglas Safford Clifton Div. 7

Winter
X 5.30 6.92 4.73 4.41 4.26 5.94 5.90
SD 2.78 3.32 2.75 2.52 2.27 3.33 2.72
CV 52.45 47.98 58.14 57.14 53.29 56.06 46.10
N 120 76 89 83 88 96 91

Summer
X 6.09 11.51 9.03 8.51 4.97 6.87 8.34
SD 2.47 3.27 2.67 2.63 1.90 2.20 1.83
CV 40.56 28.41 29.57 30.91 38.23 32.02 21.94
N 120 76 89 83 88 96 91



year summer precipitation varied more on a station-to-station basis.

This is a function of the widespread rain produced by winter frontal

systems arid the more localized rain from summer convective storm

cells.

In order to attempt to understand how frequently significant

deviation from mean figures occurs, winter and summer precipitation

records from each of the six stations were graphed. Figures 2.3-2.4

present the winter and summer precipitation records for Tucson, and

illustrate the frequency arid magnitude of this variation. This

station is presented because it has the longest record, and displays

the kinds of magnitude and frequency of deviations present at all six

stations. Note that the data have been normalized. The abscissa

represents the period of record (1868-1988) and the ordinate is scaled

in units of positive arid negative deviations from the mean.

Deviations equal to or exceeding +1 and -1 are regarded as significant

departures from the mean.

Several salient features of the variation in both winter and

summer precipitation can be identified. Perhaps most apparent are the

rapid shifts from significantly wet to significantly dry conditions

and vice verda. Precipitation amounts in sequential summers or

winters can diverge dramatically from one another. Also noteworthy is

that the magnitude of positive deviations in winter and summre

precipitation greatly exceeds the magnitude of negative deviations.
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In other words, extremely wet summers exceed +2 deviations, and the

two wettest winters exceed +3 deviations. No dry summers or winters

reach -2 deviations. This is not to say that deviations of -1 or +1

are not significant. Note that for winter precipitation a -1

deviation represents a 50 percent reduction from the mean seasonal

total (Table 2.4).

Variability in both winter and summer precipitation also shows

change over time. This is perhaps most apparent in the summer record

(Fig. 2.4). Note that the 26 year period between the beginning of the

record in 1868 and 1894 is characterized by high frequency, high

amplitude extremes of wet and dry summers; a brief 10 year period

between 1914 and 1924 shows similar but more rapid oscillations. By

contrast, the decade of the 1930s shows comparatively low variation.

The record of winter precipitation (Fig. 2.3) also documents a period

from 1966 to 1979 of rapid swings between wet and dry conditions.

Short periods of relatively low variability are presents from 1873-

1882, 1890-1899, and 1930-1939. In general, winter precipitation does

not appear to fluctuate as rapidly between extremes as does summer

precipitation.

How does the Tucson record compare with those of the other

five stations? Table 2.5 presents the percentage of years when

departures equal to or greater than one positive or negative standard

deviation occur during the winter and summer at each of the six

58



Table 2.5

Recurrence Intervals for Significant Deviations in Seasonal
Precipitation in Southeastern Arizona

All figures are in years
Significant deviations are those > +1 or > -1
+ Standard deviation of recurrence interval
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Season Tucson Canelo Tombstone Douglas Safford Clifton Div. 7

Winter
>+1 SD 6.92 6.09 9.25 11.14 6.55 6.58 8.40

+ 3.77 3.32 9.39 15.50 3.29 5.94 5.50

>-1 SD 10.30 7.29 9.57 9.71 6.36 7.27 10.00
10.07 5.42 8.30 8.75 3.68 3.33 7.50

Summer
>+1 SD 6.53 6.90 6.33 6.90 7.30 7.33 6.55

+ 7.42 4.39 5.09 4.81 6.21 4.15 6.58

>-1 SD 7.40 8.38 7.20 5.86 6.33 6.39 6.08

+ 5.58 5.72 4.69 3.36 2.72 4.40 6.13
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stations. The figures show that positive deviations in winter

precipitation account for between approximately 13-18 percent of the

winter record at all stations, while negative deviations are less

common in this season (9-13% of the record). In the summer the

difference between positive and negative deviations is much less, and

at three stations (Tombstone, Clifton, and Saf ford) negative

deviations are more common than positive deviations.

Significant variation in precipitation also occurs at an

annual level with short sequences of consecutive wet and dry winters

and summers. A simple paradigm can be costructed to show four basic

kinds of years in which precipitation exceeds one standard deviation

in both seasons: wet winter followed by wet summer; wet winter

followed by dry summer; dry winter followed by wet summer; and dry

winter followed by dry summer. Figure 2.5 shows the numbers of each

type of precipitation years for all six stations plus for southeastern

Arizona as a whole. Tucson and Canelo are very similar to one another

in that wet winters followed by wet summers are considerably more

common than dry winters followed by dry summers. At both stations

rapid shifts from wet to dry or vice versa are as common as

consecutive wet seasons. The Douglas, Saf ford, and Clifton records

are all similar to one another, and differ noticeably from the Tucson

and Canei.o records. At these latter stations wet winter-wet summer

years are slightly more common than dry winter-dry summer years, and

they are more common than years with wet to dry or dry to wet seasons.
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Tombstone is intermediate between these two groups of stations,

showing equal numbers of wet winter-wet summer and dry winter-dry

summer years, but with wet winter-dry summer years being most

abundant. These records appear to show a genera? trend involving a

decreasing relative frequency of wet winter-wet summer and dry winter-

dry summer years, and a decreasing relative frequency wet winter-dry

summer and dry winter-wet summer years as one proceeds from west to

east. For the region as a whole, wet winters followed by wet summers

are most common; wet winters followed by dry summers are next in

abundance, with dry winters followed by dry summers close behind. Dry

winters followed by wet summers are comparatively rare.

At the regional level these results suggest that conditions

favoring wet winters will more commonly produce either wet or dry

summers (with the former being the more likely), but that conditions

responsible for dry winters are more likely to favor dry summers.

Tucson and Canelo are exceptions to the latter statement; at both dry

winters are twice as likely to be followed by wet summers.

These data show that precipitation in southeastern Arizona can

vary considerably at both the seasonal and annual levels, as well, as

spatially. This means that at any one time precipitation is difficult

to predict, so that knowledge of the relative amount of precipitation

received during one season or during one year does not allow a

confident prediction of the relative amount of precipitation likely to
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fall in the next season or the next year. Likewise, knowledge of the

relative amount of precipitation received at one station in the region

is not necessarily a good predictor of the relative amount of

precipitation received at another station in the region. Working

mostly with data from southeastern Arizona, McDonald (1956) concluded

that in any given year a 10 percent departure from the mean annual

precipitation could be expected at a 95 percent confidence level.

Work by Kangeiser and Green (1963) further support this pattern.

Thomas (1962), in studying droughts in the Southwest, found that in

the area of the Mexican border droughts were less regular in duration,

recurrence interval, and magnitude, probably due in part to the

pattern of biseasorial precipitation originating from different

circulatory patterns at different times of the year.

Drought Severity

Variation in precipitation alone, while important, is only one

way to view climatic variation. Other factors such as temperature,

wind, and pre-existirig levels of soil moisture all interact with

precipitation to detemine the amount of moisture available for plant

growth. One widely used measure of growing conditions is the Palmer

Drought Severity Index (PDSI), which is an index number calculated

from "antecedent precipitation conditions and the accumulated weighted

differences between precipitation, evapotranspiration, moisture

recharge, and runoff" (Brazel 1985: 79). The resulting index numbers
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may be positive, indicating net gains in soil moisture, or negative,

indicating net losses in soil moisture (=drought). Values between

0.49 and -0.49 indicate near normal conditions, and values between

0.50 and 1.00 or -0.50 and -1.00 are interpreted as incipient wet or

dry periods, respectively. Values above 1.0 represent mildly (1.0-

2.0), moderately (2.0-3.0), very (3.0-4.0), and extremely (>4.0) wet

conditions. The same intervals in negative values correspond to mild,

moderate, severe, and extreme drought.

The PDSI for southeastern Arizona as a region can be

calculated on a monthly basis for the period 1895-1956 to provide an

estimate of the recurrence of dry or wet periods. Two months have

been selected to track these FDSI values: May, falling at the end of

the winter rainy season, and September, the closing month of the

summer rainy season. The. mean PDSI for May is -0.111, and standard

deviation is 3.042; for September the mean is -0.096 with a standard

deviation of 2.627. Figures 2.6 and 2.7 present graphs of normalized

PDSI values for May and September, respectively. As with

precipitation, cutoff values of +1 and -1 standard deviation are used

to define significantly wet or dry conditions. Use of the absolute

PDSI values also permits qualitative labelling of the positive and

negative deviations, as reviewed above. One standard deviation above

the mean for May (2.93) and September (2.53) both fall into the

"moderately wet" class, while one standard deviation below the mean

for May (-3.15) is in the "severe drought" class and that for
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September (-2.72) is in the "moderate drought" class.

Table 2.6 lists the years and the PDSI values which represent

significant wet and dry periods exceeding one standard deviation in

the record. Twelve droughts--b "severe" and two "extreme"--are

indicated in May, with a recurrence interval of approximately 10.6

years and a standard deviation of 10.5 years. It should be noted that

use of the one standard deviation excludes three other years with PDSI

values exceeding the "severe" drought limit of -3.0: 1950 (-3.10),

1954 (-3.04), and 1956 (-3.02). While all three values are just

barely within one standard deviation of the mean, their impacts must

be considered potentially great. Their inclusion in the drought

record would raise the total to 15, and reduce the recurrence interval

to 7.4 years with a standard deviation of 8.5 years. Also present in

the record for May are 17 wet years of which three are in the very wet

category and the remaining 14 are all extremely wet (>4.0). These

have a recurrence interval of 8.2 years with a standard deviation of

6.6 years.

The record for September (Table 2.6) documents 14 droughts (4

moderate, 5 severe, and 5 extreme) and 13 wet years (i moderately wet,

4 very wet, and 8 extremely wet). September droughts have a

recurrence interval of 6.5 years with a standard deviation of 10.1

years, and the wet years recur every 10.7 years with a standard

deviation of 4.4 years.
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Table 2.6

Significant Deviations in Palmer Drought Severity Index

68

>

May
-1 SD

for Division 7,

> +1 SD

Southeastern Arizona

September
>-1 SD >+1SD

1896 -3.55
1900 -3.56 1900 -4.53
1901 -3.90 1901 -3.92
1902 -4.56 1902 -4.53
1904 -4.77 1904 -3.33

1905 6.54 1905 5.68
1906 4.73 1906 3.96
1907 3.54 1907 3.49

1910 -2.73
1915 5.25 1915 4.50
1916 4.23 1916 3.86

1919 6.81

1920 6.21

1931 4.75
1932 3.83

1934 -3.20
1941 4.41 1941 3.25

1943 -3.93 1943 -2.82
1945 -2.84

1946 -3.20
1947 -3.59 1947 -4.74
1948 -3.98 1948 -4.44

1950 -2.82
1951 -3.26
1953 -3.05
1956 -4.30
1957 -3.03

1958 2.83
1966 4.14 1966 5.02
1968 4.24

1971 -3.15
1973 5.94

1974 -3.33
1978 4.14
1979 7.34
1983 5.39 1983 6.90
1984 5.54 1984 6.85
1985 7.36 1985 5.91
1986 3.18
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As shown previously for precipitation, droughts and wet

periods may occur In consecutive years or at close intervals of two to

four years; single wet or drought years separated from similar years

occur less frequently (Table 2.6). This means that significant

droughts or wet periods are of longer duration and thus more intense,

but separated from one another by longer intervals with less extreme

conditions. For example, note that the 1900-1904 drought was extreme,

and that nothing like it occurred again until 1943-1948; however, the

next series of bad years came in 1954-1957 (Figs. 2.6-2.7). As a

final note, significant droughts and wet periods tend to co-occur in

both the May and September PDSI records early in this century; that

is, if May was dry or wet September often was as well between 1900-

1916, 1941-1950, and 1983-1985. Single season droughts or wet periods

are seen from 1968-1979.

Catastrophic Freezes

An additional climatic force affecting southeastern Arizona Is

the rare but potent catastrophic freeze. Catastrophic freezes may be

defined as the persistence of very cold (20-26 degrees F) temperatures

for periods of 12-20 consecutive hours (Bowers 1980). Such freezes

usually occur withIn 17 days of the winter solstice on December 21,

and their effects can cover a large geographic and elevatlonal range.

Bowers (1980) and Jones (1980) have discussed this phenomenon, and
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Bowers has reconstructed the occurrence of catastrophic freezes over

the period of historic record keeping in southern Arizona. Bowers

documents six catastrophic freezes between 1895 and 1980 (1913, 1937,

1949, 1962, 1971, 1978), and using her information a recurrence

interval of 13.0 years with a variance of 5.9 years can be calculated.

A probable seventh catastrophic freeze occurred in December of 1901

(Arizona Daily Star, December 15, 1901) when the temperature dropped

to a low of 10 degrees F on December 13. Incorporation of this freeze

changes the recurrence interval only slightly to 12.8 years, with a

variance of 5.4 years. Each of these catastrophic freezes is plotted

on Figure 2.8, which displays the winter season (October-April)

precipitation record for Tucson. These freezes have potentially

devastating effects, as will be discussed below, and they apparently

occur most frequently in those years with average or slightly below

normal precipitation. Note that the 1901, 1949, and 1971 freezes

occurred under slight drought conditions, while the 1913, 1937, and

1962 freezes occurd under average conditions. The 1978 freeze

occurred during at the beginning of a wet period.

Effects of Climatic Variability

The effects of climatic variability on plants has been

investigated. L.e Houerou (1984) and Le Houerou and others (1988), for

example, have summarized numerous studies that show a close

relationship between annual plant production and annual precipitation
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Figure 2.8 Catastrophic freezes (indicated by dots) plotted against
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in arid environments. Although other factors play a role in primary

production, annual rainfall and annual primary production are highly

correlated (r= .83-.94). Further, Le Houerou arid others (1988) have

shown that variability in production is on average about 1.5 times

greater than variability in rainfall, as a result of factors such as

aridity, vegetation condition, topography, soil properties, and the

photosynthetic efficiency of plants composing particular communities.

Their findings support those of Ludwig (1987), who rioted that swales

and arroyos receiving runoff can have much higher productivity than

surrounding topography, but these edaphic settings also have the

greatest variability in production.

Webb and others (1978) documented differences in variability

of production between annual and perennial species in arid

environments. They found that for annual plants, aboveground net

primary production was strongly correlated with current seasonal

precipitation. However, perennial plant production was weakly

correlated with precipitation on an annual basis; the best correlation

(r= .69) was between production and the current plus previous year's

actual evapotranspiration.

Thus it seems that in any given year, the production of

seasonal annual plants in southeastern Arizona is closely related to

the amount and timing of winter or summer precipitation for that year,

recognizing that pre-existing moisture conditions and other factors
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will also have some influence. The production of certain perennial

plants is less closely correlated with current rainfall, and

antecedent moisture and temperature plays a more significant role.

For example, mesquite, with its long roots, may reach the water table

along floodplaths, thus making it less susceptible to rainfall

fluctuations. Cacti and agave can store water in their tissues,

permitting them to better withstand short drought periods. However,

shallow rooted trees living away from drainages such as foothill

paloverdes would probably be more sensitive to current rainfall.

Returning again to Figures 2.6 and 2.7, the pattern of

fluctuations in the PDSI for May and September in southeastern Arizona

over the past 90 years can also provide some idea of the fluctuation

in plant production. Periods of moderately to very wet years (PDSI>

2.0) and moderate to severe drought (PDSI > -2.0) are apparent, and

should correlate with years of high and low production respectively.

Note that between 1905 and 1920 there are several wet periods

presumably offering abundant production; between 1895-1904 and 1943-

1961 there are several dry episodes when production would probably be

low. It should be further remembered that these data reflect annual

variation, and that seasonal variations in moisture could ameliorate

or exacerbate the effects of drought or abundance. As will be

discussed later in this chapter, there is no reason to doubt that

similar variability has occurred under the modern climatic regime over

the last 4000 years
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Documentation of the damage to plants from catastrophic

freezes is usually anecdotal or descriptive at best, but nonetheless

impressive. In the Sonoran Desert significant damage has been

recorded for such important perennial species as saguaros, mesquite,

and foothill paloverde; in the encinal significant damage occurred to

Emory and blue oak trees. Followup studies on plant production after

a catastrophic freeze are few, but again anecdotal information

suggests that complete crop failure for several species probably

results from these events (Turnage and Hinckley 1938). In a rare

quantitative study, Steenbergh and Lowe (1977: 38-42) found 77-80

percent reductions in fruits on two saguaros monitored following the

1971 catastrophic freeze, and noted the persistence of greatly lowered

yields in the following year or two. Mortality of young saguaros from

such freezes can have longer term effects on production by reducing

the number of plants reaching productive maturity. The 1978

catastrophic freeze resulted in no mesquite pod production at all

along upper Sonoita Creek and the upper San Pedro River that year, and

greatly diminished production for two years or more thereafter.

Felger (1977: 154-155) has also reported crop reductions and failures

of both mesquite and foothill paloverde in certain areas in 1976 after

very cold temperatures (but not catastrophic freezes) the preceding

winter (see also Steenbergh and Lowe 1977: 196). Jumping cholla

(Steenbergh and Lowe 1977: 196) and perhaps other cactus species may

also sustain serious damage from catastrophic freezes (Turnage and

Hlnckley 1938: 546). Oak acorn production in southeastern Arizona and



northeastern Sonora was also greatly reduced following the 1978

catastrophic freeze (Jones 1980: 34). Certain agave species such as

Agave murpheyi may sustain damage to emerging flower stalks, but the

two most common agaves in southeastern Arizona (A. palmeri and A.

parryi) are apparently among the most frost-tolerant agave species

(Gentry 1982: 442, 652). Temperatures below 0 degrees F may damage

even these, however.

From these examples it is clear that the production of

perennial plants species of major economic importance to historic

groups in southern Arizona is subject to reduction and even

elimination in certain years by catastrophic freezes. Unfortunately,

little systematic work has been done to detail the effects of

catastrophic freezes on the production of many species that would have

been of economic importance to humans, and there are no long-term

studies on the persistence of lowered production of important species

for years after a freeze. Just as importantly, Felgerts (1977)

observations indicate that localized or more modest damage can occur

from noncatastrophic freezes. Catastrophic freezes almost certainly

have long been a part of the modern climatic regime, for as several

authors have noted, the northern and eastern boundaries of the Sonoran

Desert are temperature-dependent. Steeribergh and Lowe (1977), however,

have questioned the long term recurrence interval of catastrophic

freezes, and have suggested that prior to 1900 catastrophic freezes
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may not have been as common. This suggestion is based on the age

classes of saguaros that can be observed today.

Another source of variation in plant production independent of

climate lies in the reproductive cycle of individual plants and

species of perennials. Tree species such as mesquite, paloverde, or

oaks will produce a large crop of fruits only every second or third

year. Individual mesquite trees, for example, commonly produce large

crops only every other year (Cornejo and others 1982); most oak

species behave in similar fashion, but there may be two or three years

between large crops of acorns. External climatic factors interact

with this inherent internal variation to further enhance or retard

production.

Summary

The most important aspect of the interannual variability of

climate for humans is that it will directly influence the productivity

of the biotic environment. Variations in precipitation and

temperature can dramatically affect the food supply available to

foragers. The effects of either catastrophic freezes or droughts can

be localized within various parts of an area as large as southern

Arizona. Climatic impacts on certain annual species may be further

exacerbated by intensive human exploitation, which can reduce their

availability in the long term as well by reducing reproductive
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establishment. While it is difficult to identify all of the possible

impacts or effects, conditions of extreme abundance or extreme

scarcity may occur within the span of a decade, and further, decade-

long periods of abundance or scarcity may occur. In addition, years

with relatively wet winters and springs but relatively dry summers may

differentially impact plants whose reproductive success is linked to

seasonal rainfall. The PDSI data show that significantly wet or dry

periods have recurrence intervals of a decade or less, and the

associated high standard deviations of the recurrence intervals shows

just how unpredictable such periods are in their occurrence.

Covariation of catastrophic freezes and droughts can

potentially have devastating effects on the food supply. A

catastrophic freeze during or immediately after a drought (such as the

1901 and 1949 catastrophic freezes) would simultaneously reduce the

production of both annual and perennial plants. Animal populations

will also be affected, for herbivores may be expected to be in better

or poorer condition and perhaps present in greater or lesser

quantities as their plant foods and water sources fluctuate in

productivity and availability. In summary, climatic variability

renders the environmental productivity of southeastern Arizona

unpredictable for human foragers over seasonal, annual, or decadal

intervals.



Environmental Change

The preceding discussions have presented environmental

conditions in southeastern Arizona as they exist today and in the

recent past under the current climatic regime. However, some aspects

of the present environment are the products of changes which have

occurred in the last century. Two important examples are changes in

the composition and distribution of plant communities, and changes in

the condition of the stream systems draining the intermoritane basins.

The recognition that these changes have occurred has prompted

considerable debate about their causes for the last 65 years. This

debate concerns the relative importance of cultural and natural

factors in producing the observed changes, and it has yet to be

resolved. An equally important outgrowth of these recent changes was

the recognition of prehistoric shifts in stream behavior between

aggradation and degradation, as revealed by the alluvial stratigraphy

exposed in the banks of the entrenched stream channels. This

demonstrated that environmental change had a long history in

southeasern Arizona and the Southwest as a whole. Further, studies of

fossil pollen from the older alluvium suggested the presence of plant

communities different in composition from those observed in the recent

past. The debate over causes has therefore taken on a longitudinal

dimension to account for prehistoric environmental change.
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The importance of this debate for the study of the transition

to agriculture in southeastern Arizona is clear. Reduced to its most

fundamental form, it raises the question of whether present climatic

and environmental conditions are appropriate for the modeling of

conditions as they existed 3000-4000 years ago. The following

sections review the evidence for recent and prehistoric changes in the

environment.

Historic Changes in Stream Behavior

The behavioral dynamics of stream systems in southeastern

Arizona have particular significance for early agriculture. For

cultivators, the condition of the stream channel and adjacent

floodplain is critical for determining whether farming can be

successfully undertaken at particular places (Bryan 1941). When

streams flo. in untrenched channels across broad floodplains, overbank

floods can deposit sediment and organic matter; irrigation canals can

be dug to tap the channelized flow; and water tables may be relatively

high. Such conditions are ideal for traditional, indigenous farming

systems employing simple techniques for floodplain cultivation.

Conversely, when floodplains become trenched overbank flow is no

longer possible, canal irrigation becomes difficult or impossible, and

the water table may be lowered. The floodplain is then a more

difficult environment for traditional farmers to use for agriculture,

and locations suitable for irrigated or floodwater farming may be few



or nonexistent. Both the short historic record and longer alluvial

stratigraphic record demonstrate that drainages in southeastern

Arizona have experienced siificaat changes.

The changes in the San Pedro and Santa Cruz rivers that have

occurred over the last 100 years have been the subject of considerable

attention. Slow-flowing perennial streams with abundant cienegas

observed in the middle to late 1800s were rapidly replaced after the

1880s by long, narrow, deeply trenched channels carrying ephemeral or

impermanent flow. However, the picture of change is complex, for

there were reaches on both the San Pedro and Santa Cruz where trenched

channels occurred prior to 1880, in addition to reaches where cienegas

and untrenched but channelized flow prevailed. Hendrickson and

Miricklay (1984) have used historic accounts to define the extent of

cienegas as well as reaches of perennial and ephemeral flow in both

the Santa Cruz and San Pedro valleys. On the San Pedro they believe

that continuous cieriega conditions prevailed from the Mexican boundary

northward to approximately Cascabel, a distance of more than 115 km

(71 miles) (Hendrickson and Minckley 1984: 144-150, Fig. 9). The

Santa Cruz River apparently supported several discrete cienegas

separated by reaches of ephemeral or perennial flow (Hendrickson and

Minckley 1984: 150-158, Figs. 12-13). Cienega conditions may have

been nearly continuous along the upper part of the river between

approximately Tubac and the headwaters in the San Rafael Valley; other

separate cienegas were identified near San Xavier, Tucson, a large one
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in the Cienega Valley, and two small ones on upper Patagonia Creek.

Today very few cienegas remain, and in most areas the streams along

which they existed are now ephemeral washes flowing in 3-6 m deep

channels carved into the historic floodplains.

Historic Changes in Plant Communities

Short-term cultural and natural processes have caused rapid

changes in the plant communities along the valley floors and up into

the lower portions of the mountains in southeastern Arizona in the

last 100 years (Humphrey 1958; Hastings 1959; Hastings and Turner

1965; Martin and Turner 1977; Bahre and Bradbury 1978). The changes

in plant communities are probably most evident in the San Pedro

Valley, where grassland or desert grassland was replaced by shrub-

dominated Chihuahuari Desertscrub. Matched photographs presented by

Hastings and Turner (1965) and Bahre and Bradbury (1978) document

pronounced shifts in this valley over a period of approximately 70-80

years. Late 19th century photographs consistently present grasslands,

occasionally with dispersed yuccas and rare woody shrubs, in places

that in the 1960s 5upported dense shrub-dominated communities.

Species most notably increasing in the intervening years include

mesquite (in both tree and shrub habit), whitethorri (Acacia constricta

and A. vernicosa), and catolaw (Acacia vernicosa). Tarbush

(Fluorensia) and creosotebush (Larrea divaricata) have also increased
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in some locales (Hastings and Turner 1965: 273-274). However, mid-

late 19th century travellers in this area noted that there were

localized areas of' thornscrub vegetation (Humphrey 1958: 8-12, 17-19).

The vegetation along the steam courses in the Santa Cruz and

San Pedro valleys has also changed, though it is not so clear or

uniform a transformation. Hastings and Turner (1965: 144-145, 152-

157, 162-163, 174-175) document the development of riparian gallery

forest trees including cottonwood and willow in parts of the San Pedro

that were virtually treeless in the late 19th century. The same is

true for the Santa Cruz River and its tributaries. Mesquite has also

colonized the floodplains and former floodplains of these streams.

However, earlier accounts of the ripariari vegetation present along

both the San Pedro and Santa Cruz make it clear that at least some

reaches of these streams supported mesquite, cottonwood, willow, and

perhaps other trees (Humphrey 1958: 11-15; Hendrickson and Minokley

1984: 145-146, 153). Other reaches were apparently treeless. It is

probable that at least some of this variation is the product of

hydrologic conditions along different parts of these streams. But, it

must also be remembered that human settlement of portions of these

rivers had a very long history, and human impacts may also account for

some variations in the location and distribution of these tree

species. Such impacts could include the collection of firewood or

structural wood and field clearing, which could remove arboreal

vegetation, while abandoned fields or heavily grazed pastures might
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serve as sites for tree colonization. It is generally thought that

serious human impacts did not begin before the 1870s or 1880s in this

region, but it is instructive to note the evidence of Mexican

settlements reported by U.S. Army officers in the mid 1840s (Dobyns

1961: maps for October 12-14, 1848; Emory 1848: map after p. 564).

Thus, the documented rapid, enormous increase in livestock in these

valleys after 1870 (Hastings and Turner 1965: 40-41) may simply be a

massive acceleration of a process of introduced agrarian impacts which

began during Spanish colonial times. Moreover, the indigenous

agricultural peoples of these valleys must have had impacts on parts

of the riparian communities prior to Spanish contact.

In addition to cultural impacts, vegetative comunities have

inherent cycles of increase and decrease, as discussed by Martin and

Turner (1977) and Bahre and Bradbury (1978). Historic changes in the

local abundance of chollas, burroweed, saguaro, and other bajada

plants can be documented (Martin and Turner 1977; Hastings and Turner

1965), as can changes in riparian arboreal species (Bahre and Bradbury

1978). Such changes may be related to climatic or hydrologic

conditions favoring germination and growth, as well as the climax

cycle of vegetation growth, maturation, and decline. Catastrophic

events such as fires, floods, and freezes also impact many species.

The landscape of today is thus the product of the interaction of

climate, human land use, and intrinsic characteristics of plant

species.



Prehistoric Environmental Change

The magnitude of changes in vegetation and stream systems

witnessed over the last 100 years begs the question of whether such

changes have occurred in the past, and if so, what were their causes?

The existence, nature, timing, and causes of prehistoric environmental

change are issues of importance to this study, for they would be

expected to affect human foraging and early farming populations in

southeasern Arizona. In the following sections evidence is presented

for changes in stream behavior, vegetation, and climate over the

Holocene epoch.

Changes in Stream Behavior

The creation of steep-walled arroyos in several valleys in

southeastern Arizona offered geologists and archaeologists a glimpse

into the history of many of these valleys as recorded by stratigraphic

sequences of alluvial deposits. These sequences reflect changes in

stream behavior and can be interpreted--based on their composition,

relative position, and contacts with overlying and underlying units--

as records of stream conditions during particular portions of the

Pleistocene and Holocerie. Recognition of prehistoric changes in the

operation of these streams begged the question of their causes; in

particular, did these sequences reflect changes in climate? Kirk

Bryan (1925) and Ernst Antevs (1941, 1955, 1962, 1983) were the first
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geologists to document and interpret such alluvial records in the

Sulphur Spring and San Pedro valleys. Both men specifically linked

changes in stream behavior to changes in climate. Their pioneering

work has been followed by C. Vance Haynes (1968, 1981, 1982, 1987) in

the San Pedro Valley and by Michael Waters (1983, 1986, 1987) in the

Sulphur Spring Valley. As a result, a sequence in excess of 30,000

years is known from the San Pedro Valley, and a record of between

10,000 and 15,000 years is recorded for the Sulphur Spring Valley.

The Santa Cruz Valley has received less attention, but limited studies

by Haynes and Huokell (1986) and Waters (1987, 1988) have documented a

record approaching 8000 years in length. One major tributary of the

Santa Cruz, the Cienega Valley, has been studied by Cooley (1958; Eddy

and Cooley 1983), who reported a continuous record spanning the last

3000 years.

All of these records reflect changes in stream flow regimes,

channel form, mode of operation, power, and stability. Some general

consistencies prevail among the records, but exact correlations in

terms of the timing of cut and fill events appear to be rare. For the

purposes of this study, perhaps the most important to recognize are

the numerous Holocene cut and fill sequences which are identified in

all these valleys after approximately 8000 BP.

In the San Pedro Valley at Murray Springs, Haynes (1987)

recognized a major arroyo cutting event beginning soon after 8000 2?
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followed by a period of alluviation beginning by 6500 BP and

continuing until approximately 4500 BP. After 4500 BP two major

units, each consisting of three minor and apparently rapid cut and

fill events, occur during the late Holocene at intervals of a few to

several hundred years. Of particular importance is a short period of

erosion identified by Antevs (1955: 330) at about 500 BC at the San

Pedro Stage type site at Fairbank on the San Pedro River. This event,

termed the Fairbank Drought by Antevs, will be discussed in Chapter 6.

Waters (1986) identified 11 cut and fill sequences in the last

8000 years in the Sulphur Spring Valley. Four "cienega erosion and

deposition" cycles occurred between 8000 and 6750 BP; a major arroyo

cut was found to begin after 6750 BP and to have filled by 5500 BP;

and six cycles of cienega erosion and deposition were reported after

5500 BP.

In the Santa Cruz Valley the few available data suggest that a

major erosional event occurred after 8000 BP and before 5500 BP,

followed by perhaps four cycles of cutting and filling (Haynes and

Huckell 1986; Waters 1987, 1988). Waters (1987) noted that more

abundant data for the 500-1000 BP time interval indicated that

discontinuous channel entrenchment was occurring, with erosion in some

locales and deposition in others at the same time. Cooley's (1958)

studies of the Matty Canyori-Cienega Creek confluence area showed

nearly continuous aggradation over the last 3000 years, broken only by
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one cut and fill event beginning after 950 B? and terminating with the

filling of the arroyo by 750 BP. Cienegas are persistent throughout

this record, implying conditions of high ground water with little or

no fluctuation.

These studies demonstrate that equilibrium or stability is a

rare condition in these stream systems during the Holocene, and

particularly during the late Holocene. Further, it appears that

different basins, and perhaps different parts of each basin, have

complex and potentially asynchronous cut and fill histories.

Nonetheless, an overall trend towards alluviation seems to be

identifiable after 4000-4500 B? and continuing until approximately AD

1885 when all of the basins experience entrenchment. There is thus

good evidence for changes in stream behavior in the past, but the

alluvial stratigraphic records raise questions as to the magnitude of

changes, the areal extent of changes, the synchroneity of changes, arid

the cause or causes of the changes. It is outside the domain of this

study to treat in detail the full range of causal mechanisms that have

been proposed to account for these cycles of cutting and filling;

further, there is as yet no consensus as to the "correct" cause or

causes. Reviews of proposed causes of stream aggradatiori and

degradation may be found in Cooke and Reeves (1976: 5-23) and

Hendrickson and Minckley (1984: 160-169). In all probability it is

the complex interreiships between climate, vegetation, human

impacts, catastrophic events, and geomorphic processes intrinsic to



arid lands ephemeral stream systems that determine stream behavior.

Further, it seems likely that these streams are not characterized by

equilibrium but instead by dynamism and shifts between erosional and

depositional modes of operation.

Changes in Plant Communities

As stream systems shift modes of operation, the associated

riparian plant communities change, as shown by pollen preserved in

stratigraphically ordered alluvial deposits. In southeastern Arizona,

work by Paul Martin (1963), James Schoenwetter (1960), and Peter

Mehringer (1967), among others, has led to the recognition of pollen

assemblages reflecting different floodplain plant communities at

various times in the past. Again, disregarding evidence of much

different conditions during the late Pleistocene, it is possible to

suggest that minor fluctuations in floodplain plant communities have

occurred during the late Holocene, and possibly a more significant

shift occurred during the middle Holocene. A mid-Holocene pollen

record from Murray Springs in the San Pedro Valley shows high

percentages of cattail and sedge pollen as well as increased pine

pollen in deposits radiocarbon dated to approximately 4000-5000 BP

(Mehringer and others 1967). The pollen from succeeding depositional

units is far more xeric, arid comparable to modern cienega and desert

grassland sites. Mehringer and others (1967) have interpreted this as
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evidence for climatic conditions more niesic than those of the present

during the mid Holocene.

The late Holocene records reflect historic and modern

communities, but document shifts in floodplain pollen from chenoam

(=chenopod + amaranth) dominance to composite dominance through time.

These shifts do not always appear to be synchronous from valley to

valley (Martin 1963: 58-61; Mehringer 1967). This shifting dominance

has been linked, by data derived from modern surface sampling of

floodplain environments, to conditions of stream entrenchment

(chenoam-dominated records) or stream aggradation (composite-dominated

records). Martin (1963: Fig. 36) shows two major shifts in chenoam to

composite pollen; one between approximately 5500-4000 P and another

beginning between 500-1000 BP and continuing into the present.

Chenoams are dominant during these intervals, but between 4000 and 500

BP composites are dominant. The pollen rain in valley alluvium most

strongly represents local plant communities, and may provide limited

information on changes in more distant plant communities in high

elevations. Difficulties are encountered in attempting to correlate

these records to climatic conditions, but Martin has argued that

chenoams thrive under a regime of increased summer precipitation. The

climatic implications of pollen records are complex, as noted by

Mehringer (1967: 96); nonetheless, he has reconstructed a long-term

trend toward decreasing effective moisture since approximately 4000 BP

in the Southwest.
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Another means of documenting vegetation change is the analysis

of the contents of packrat (Neotoma) nests or midderis. Although

almost no studies of this type have been conducted within the study

area, the potential to reconstruct and absolutely date vegetative

communities directly from plant parts composing the midden makes the

approach extremely valuable. Further, because the nests are preserved

in rock shelters, the vegetation of upland areas where bedrock is

exposed can be reconstructed. Most packrat midden research has

focused on late Pleistocene and early Holocene vegetational changes in

the Sonoran, Mohave, and Chihuahuan deserts, although several areas

have yielded a long record covering the entire Holocene. As

summarized by Van Devender and others (1987), those records which span

the middle and late Holocene reveal only one change to which climatic

significance is attributed. At approximately 4400-4000 BP, "...the

beginning of the late Holocene marks a major vegetational change...in

the Arizona Upland subdivision [of the Sonoran Desert], where a cool,

frost-limited desertscrub is replaced by the modern subtropical

desertecrub..." (Van Devender and others 1987: 345). Climatic change

is believed to be the cause of this shift, and specifically a change

from mid-Holocene warm, wet summers and cold, dry winters to modern

conditions of warmer, wetter winters and less warm and wet summers.



Climatic Change

An interesting record of late Pleistocene and Holocene climate

has been obtained from the Wilicox Playa, immediately northeast of the

study area. Waters (1989) has report three Holocene lake stands In

this internally drained basin. The oldest of these is represented by

a clay dating between approximately 8400 and 8900 B?; the later two

stands are marked by maria of mid-Holocene age. The lower marl is

dated to approximately 5200-5600 BE' and the upper marl dates to the

period between 3100 and 4500 BE'. These radiocarbon dates are all on

bulk sediments, and should be considered minimum ages. The last lake

stand is the most poorly dated. The 3100 BE' date is significantly

younger than the other two dates on the unit, which are consistent

with one another and fall at 4400-4500 BP. Above these marl deposits

is a gravelly, silty sand of alluvial and eolian origin. It is highly

bioturbated and has been reworked by slopewash processes.

These data indicate that since approximately 4400-4500 (or

3100 B? if the youngest date is accurate) climatic conditions have not

been sufficiently mesic to support the prolonged existence of a body

of water in Wilicox Playa. Even under modern climatic conditions

which generate amounts of rain well above normal, the playa is covered

by shallow water for only a few weeks and leaves no sedimentological

record of its filling. Possible corroborating evidence for regionally

more mesic conditions comes from the Murray Springs pollen record of
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Mehringer and others (1967), which contains cattail, sedge, and

elevated percentages of pine pollen in deposits with bulk soil dates

of approximately 4000-5000 BP. Above these deposits pollen spectra

consistent with recent or extant plant communities in the area

appeared. Therefore, these records provide some support for the

establishment of modern, late Flolocene climatic conditions between

3000 and 4000 years ago.

Sources of Environmental Change

The sources of long-term variations in climate--those on the

scale of hundreds or thousands of years--remain the subject of much

research. A number of mechanisms have been proposed, including

variations in solar activity and radiation output (Eddy 1977), changes

in the amount of atmospheric carbon dioxide (the greenhouse effect),

changes in atmospheric aerosol concentrations brought about by

vulcanism (Sellers 1965), variations in Arctic and Atlantic sea levels

or sea surface temperatures (Sellers 1965), and changes in the orbital

parameters of the earth (Imbrie and Imbrie 1980; Budyko 1982; Kutzbach

1983, 1987). Variations in the earth's orbit consist of changes in

the obliquity (tilt of the earth's axis), precession (timing of the

perihelion with respect to the equinoxes), and eccentricity (shape of

earth's orbital path about the sun). These variations are quasi-

periodic and therefore susceptible to mathematical modeling. As these

orbital parameters covary, the seasonal and latitudinal amount and
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distribution of solar radiation changes, thus "forcing" changes in the

complex energy balance of the earth-atmosphere system. Mathematical

modeling has shown a generally close correspondence between orbital

parameter variation and the sequence of Pleistocene glacial and

interglacial stages reflected in oxygen isotope records in ice cores

(Imbrie and Imbrie 1980). Within the Holocene, the Altitherrnal (or

climatic optimum or post-glacial thermal maximum) coincides with a

period of larger obliquity, more eccentric orbit, and occurrence of

the perihelion during the northern hemisphere summer. At the latitude

of the Southwest, these parameters produced a large positive

insolation anomaly in the summer and a corresponding negative

insolation anomaly in the winter between approximately 8000 and 4000

years ago (Budyko 1982: Fig. 4.2a). Integration of orbital parameter

configuration with an atmospheric general circulation model (GCM) has

allowed Kutzbach (1987) to model regional climatic conditions for

North American over the last 18,000 years. Model output for the

Southwest indicates intensified summer precipitation between

approximately 9000 and 6000 years ago, with the onset of modern

climatic conditions by approximately 3000 BP (Kutzbach 1987: 441-442).

It seems probable that orbital forcing may account for long-

term climatic change, but that fluctuations in solar activity and

other mechanisms may produce variation in climate or short-term

change. Therefore, at present models such as Kutzbach's indicate that

late 1-lolocene climate in the Southwest has been relatively stable in
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its general characteristics since about 3000 years ago, but as

discussed above this modern climate regime has a wide range of

inherent variability. It is this range of variability to which humans

have had to adapt.

There is evidence of environmental change during the mid-late

Holocene in the study area, but the nature, timing, and location of

changes is somewhat variable. Valley streams show several episodes of

cutting and filling during the middle and late Holocene, and

vegetation change on their floodplains may have accompanied these

shifts in stream behavior. However, there is little evidence of

concomrnitent change in nonriparian and upland environments over the

last 3000-4000 years. It is important to recognize that streams and

vegetation may therefore be responding to different stimuli, and that

changes in stream behavior may represent reactions to factors other

than just major climatic shifts, including intrinsic geomorphic

processes or high magnitude-low frequency floods. Regardless of

cause, the late Holocene, short-term cut and fill events recorded

within the San Pedro and Santa Cruz valleys occur within a long-term

trend of stream aggradation terminated in the late 19th century.

Evidence available at present thus suggests a modern climatic regime

prevailing since about 4000 BP, thereby implying ranges of variation

in precipitation and temperature similar to those documented in the

historic record.



Summary

The environmental characteristics of the study area offered

several advantages for human populations operating as farmers or

foragers, while at the same time imposed potentially significant

limitations. Advantages included the presence of major perennial or

semipermanent streams and associated floodplains and wetlands; a

biseasonal rainfall pattern promoting availability of plant foods at

two discrete seasons; and basin and range topography of sufficient

relief to support six major biotic communities within relatively short

horizontal distance from basin floors to mountain crests. Under

normal or average conditions of temperature and moisture, the

southeastern quarter of Arizona is as beneficient as an arid-semiarid

environment is likely to be.

However, in common with arid environments the world over,

variations in temperature and moisture conditions are frequent and can

be of significant magnitude. Over the short term these seasonal and

annual variations can cause substantial fluctuations in production of

annual plants and some shallow-rooted perennials. Sucoulents and

deep-rooted perennials can serve as resource staples, because they are

less affected by these fluctuations. Still, they can be seriously

damaged by less frequent catastrophic freezes. In addition, climatic

fluctuations of high or low magnitude do not appear to be predictable

on seasonal, annual, or decadal scales.
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In addition to these short-term, high frequency variations in

climate there is evidence for less frequent fluctuations at scales of

centuries and millenia. Variations in the orbital parameters of the

earth are probably responsible for major changes in climate, such as

the mid-Holocene (Altithermal) period. Shorter-term changes may be

the product of variation in solar activity, atmospheric carbon dioxide

content, aerosol concentrations, or other causes.

Finally, stream behavior can be shown to change over the

longer scales of centuries or millerila, shifting modes of operation

from deposition to erosion and back again. Such shifts may be related

to climatic factors, human land use, intrinsic geomorphic properties,

or combinations of these. Changes from aggradation to degradation or

vice versa gill produce changes in floodplain vegetation, but at the

same time can create or eliminate opportunities for human

agriculturalists or foragers at particular locales. From the

perspective of shorter-term dynamics, large flow events or

catastrophic floods can cause localized changes in stream channel

position or pattern, and can build or remove sites suitable for

farming or economically valuable plant communities.

These environmental conditions offered foragers and farmers a

wide range of resources necessary for survival, and in general terms

these resources were predictable in geographic space and time of

availability. However, as a function of climatic variation and
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related factors, the abundance and condition of these resources varied

considerably on seasonal, annual, and longer scales. Further, this

variability was largely unpredictable, so foragers and farmers

inhabiting the area in the past must have operated under conditions of

uncertainty. In short, subsistence by hunting and gathering or by

farming entailed risk. Strategies to cope with risk must have been

integral components of preagricultural foraging societies occupying

southeastern Arizona, for their subsistence was directly linked to the

production of plants and animals in the environment. In order to

better understand how hunter-gatherers adapted to this environment,

and to appreciate the ways in which they may have dealt with risk in

the formulation of subsistence strategies, it is appropriate to turn

to a consideration of the cultural ecology of recent arid lands

hunter-gatherers. Further, it is important for the same reasons to

consider theories concerning how and why hunting-gathering was

supplemented or supplanted by agriculture in these environments.



CHAPTER 3

THEORETICAL CONSIDERATIONS OF HUNTER-GATHERER ECOLOGY

AND THE ADOPTION OF AGRICULTURE

This chapter is designed to serve four purposes: (1) to define

and characterize subsistence systems and identify factors responsible

for their change; (2) to provide a broad-based view of hunter-gatherer

subsistence adaptations to foraging in arid environments; (3) to

identify ecological and cultural factors involved in the transition

from foraging to farming, and (4) to present two models by which

agriculture may spread. These theoretical positions will permit

evaluation of existing models of the transition to to agriculture in

the Southwestern United States, a subject treated in Chapter 4.

Further, they will be used to provide a set of expectations against

which the archaeological data from the study area can be measured, and

will help structure discussion of the nature of the transition to

agriculture in southeastern Arizona.

Subsistence Systems

A fundamental precept of this analysis is that human groups

adapt their economic behavior to a suite of conditions in both the
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natural and cultural environments. As Earle (1980: 1) has defined it,

"A subsistence economy is a system whereby activities, procedures,

organizations, and technologies are used by a human group to extract

matter and energy from its environment." At its most elemental level,

an economy will consist of basic strategies such as hunting,

gathering, fishing, and agriculture. Each strategy has associated

costs and outputs. Earle (1980: 5-10) identifies costs as stemming

from efforts to extract and process resources; these may include tool

production, transportation, collection, processing, and storage.

Costs are expected to vary greatly, depending upon local cultural and

environmental conditions. Further, Earle notes that one may consider

the total cost of a strategy, or a unit cost; the former denotes all

costs incurred over a specified time period, the latter all costs

associated with a specified unit (amount) of a given resource. Of

particular theoretical importance, Earle argues, is marginal cost,

which is the addition to total cost created by the increase of

resource output by one unit. By examining marginal cost, one may

understand what potential a given strategy holds for intensification.

Earle states that a subsistence economy will be a mixture of

strategies, and that the mixture will be determined by relative costs,

at any point in time, associated with particular strategies. Labor

allocation, he argues, will shift with these costs, until such time as

a stable mix is settled upon. Stability will be reached when all

strategies have equal marginal costs; this is an equilibrium state.
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A cultural group develops a subsistence strategy based on

decisions made from the information available to them through their

cultural system and their perception of the environment. The relevant

environmental variables include climate; the types, distribution, and

density of key resources needed for survival (water, plants, animals,

raw materials); and the spatial and temporal variation in the

availability of the resources. Relevant cultural variables include

the technology possessed by the group; group size, organization, and

composition; and access to resources vie a vie other neighboring

groups. The resulting subsistence strategy must be sufficiently well

designed and stable to ensure group survival in the long run, yet

sufficiently flexible to permit adjustments to be made In the face of

environmental variation or cultural change. Therefore, a successful

subsistence economy will reflect a group's ability to adapt to local

environmental and cultural conditions; success may be measured by any

of a number of standards, but arriving at a state of equilibrium

between environmental productivity and human population is one way to

view it. In such a state, long term stability may take the form of

steady state equilibrium with no net change, or dynamic equilibrium

with a discernible long-term trend (see Butzer 1952, Fig. 2-3; Dean

and others 1985).



Change in Subsistence Economies

Change can result from environmental or cultural stimuli, and

may prevent the maintenance of equilibrium over long periods of time.

Dean arid others (1985: 538-539) identify environmental variability,

population variability, and behavioral variability as key elements in

bringing about change in human adaptive systems. Environmental

variability includes high frequency processes (such as seasonal and

annual fluctuations in climate and resource production), and low

frequency environmental processes at scales longer than one human

generation (such as changes in stream behavior, groundwater level, and

climate). Population variability entails the notion of carrying

capacity, that upper level of human numbers beyond which the

environment cannot provide sufficient resources. Population growth

has long been viewed as an independent variable affecting world

(Binford 1968; Cowgill 1975; Cohen 1977; Hassan 1981) and Southwestern

(Woodbury and Zubrow 1979; Hunter-Anderson 1986; Wills 1988)

prehistory, but as Dean arid others (1985: 539) note it can be both a

dependent and independent variable. They view it as operating at the

level of low frequency environmental processes. Finally, behavioral

variability--including changes in foraging behavior, innovations in

technology, and interactions with other cultural groups--can

fundamentally change a cultural system by altering carrying capacity

or the environment. The scale at which behavioral changes operate is

not specified by Dean and others (1985), but they view such changes as
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potentially occurring independently of the environment. The close

relationships among these sources of variability suggest that the

causes of change can be quite complex, can be nonlinear, and can be

multivariate.

Cultural adaptions are therefore dynamic, but to understand

the process of adaptive change one must identify the relevant

variables and understand their states at particular moments in time.

Because adaptive systems are specific to local areas arid conditions, a

region such as the Southwest will contain numerous cultural systems

with differing adaptations. Variability is thus to be expected in the

study of particular points in time across larger geographic spaces,

and attempts to generalize subsistence adaptations run the risk of

obscuring significant parts of this variability. Therefore, the study

of past adaptive systems faces problems that are quite complex, for to

define the states of environmental, population, and behavioral

variables at a given time in the past is clearly a difficult task.

Attempts to deal with these problems must include both detailed

examination of the archaeological record and the use of theoretical

approaches. The archaeological record is likely to be a relatively

accurate source of information regarding environmental and cultural

conditions as they existed in a particular spatial and temporal

framework, while theory can serve to guide and frame questions and

interpretations of an often less than optimal archaeological record.

102



Theoretical Views on Hunter-Gatherer Subsistence

In southeastern Arizona a stable adaptation emphasizing the

gathering of plant seeds, fruits, and greens as well as the hunting of

small and large mammals was developed at least 10,000 years ago at the

close of the Pleistocene and persisted until 3000-4000 years ago

(Sayles and Antevs 1941; Haury 1950; Whalen 1971; Sayles 1983; Waters

1986). As noted in Chapter 1, empirical archaeological understanding

of this 6000-7000 year long record of Archaic hunter-gatherer

adaptations to southeastern Arizona is weak; few sites have been

excavated and fewer still have produced high quality records of

subsistence activities. Many of the investigated sites have been

surface or near-surface deposits containing only stone artifacts with

little or rio preservation of organic remains. Others have been buried

localities exposed in arroyo banks under several meters of alluvium,

thus limiting investigations to tiny parts of sites of unknown

horizontal extent. Further, many of the studies conducted at these

sites have been primarily directed toward culture history rather than

human paleoecology. Exceptions include studies by Whalen (1971), B.

Huckell (1984a), and Roth (1989) who have endeavored to treat

subsistence from the perspective of site distribution across a

regional landscape and the identification of subsistence activities at

aprticular sites based on stone tool assemblage composition. Rather

than treating in detail this meager archaeological sample of

questionable representativeness or completeness, it may be more
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informative to approach hunter-gatherer adaptation from a theoretical

perspective. Most of this work is grounded in ethnologic treatments

of recent or contemporary hunter-gatherers, anthropological theory, or

entails the application of principles of optimal foraging theory from

ecology to model human foraging systems. Cautions have been sounded

against the uncritical use of ethnographically known hunter-gatherers

as direct analogies for prehistoric hunter-gatherer behavior (Wobst

1978; Schrire 1984). However, use of cross-cultural samples to

consider broad generalizations about adaptations of prehistoric and

recent groups occupying similar environments may be fruitful and

productive.

"Hunter-gatherers" describes a broad range of societies united

only by the fact that they obtain wild food resources principally by

foraging (including hunting, collecting, fishing, trapping,

scavenging, and gathering). Within the period of historic records,

they range from relatively simple foraging societies such as the San

or Bushmen (Lee 1979) and Paiute (Steward 1938) to such socially and

politically complex ones such as the several Northwest Coast groups

(Price and Brown 1985). The degree of socioeconomic complexity

appears to correlate most closely with the nature of the food supply

available in particular environments; that is, the type, abundance,

and predictability of the resources. While it is clear that in arid

environments resources may be varied in kind, they tend to have lower

abundances, and although predictable as to their season of
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availability, they vary greatly in production from year to year and

season to season. A successful foraging adaptation for arid

environments must include strategies that deal with the predictable

spatial and temporal parameters of resource distribution, and with the

unpredictable seasonal and annual fluctuations in resource production.

Lee and DeVore (1968: ii) observed that hunter-gatherers

generally "live in small groups and move around a lot." Particularly

for arid environments, this simple two-part statement accurately

identifies two key elements of hunter-gatherer ecology: small numbers

of people and high mobility. This observation can serve as a basis

for describing in general terms the attributes of arid lands foraging

adaptations.

Demography and Group Size

The density of hunter-gatherer populations on any given

landscape is dependent upon the "...amount of resource yield given

certain resource choices and levels of consumption" (Hassan 1981: 7).

In most arid environments recent hunter-gatherer population densities

were quite low, from 0.01 to 0.40 persons per square kilometer (Hassari

1981: Table 2.1). Even among groups with access to more mesic biomes

within otherise arid areas, population densities do not seem to have

exceeded 0.40 persons per square kilometer; highest densities (1.0-9.5

persons per square kilometer) occurred in those areas where sizable
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quantities of productive, stable resources were to be found (Hassari

1981: Table 2.1). Examples of hunter-gatherers with high population

densities include California groups with access to oak forests and

large deer populations, and Northwest Coast groups whose areas

contained riverine and marine biotas. Low population densities in

arid environments therefore reflect the generally low primary

productivity of arid biomes (Hassan 1981: Tables 2.2, 2.3).

Productivity raises the issue of carrying capacity, that upper

limit of population capable of being supported in an environment at a

given level of technology. As Hassan (1981: 166) expressed it,

"Maximum human population size is dependent upon the quantity of

nutritionally critical foodstuffs, which are present in minimum

amounts, at the time within the span of a few generations of their

least abundance." Innate human rates of population increase and

mortality, together with resource procurement and use strategies,

interact with environmentally dictated resource availability to

determine carrying capacity (see also Redding 1988; Belovsky 1988;

Winterhalder and others 1988). Therefore, fluctuations in resource

availability can be critical in determining population size, and

generally population will not exceed the lowest levels of fluctuations

in food availability over the long term. The wide range of

fluctuation in producton that typifies arid environments is thus a

crucial limiting factor for human numbers (Keeley 1988). Hassan

(1981) further argues that population levels will probably not
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actually coincide with a maximum permissible value (what he terms

critical carrying capacity) but will exist at a level slightly lower

(what he identifies as optimal carrying capacity). Keeley (1988) goes

further, arguing that environments characterized by more extreme

fluctuations will actually have populations trimmed during periodic

lows in production. In either case, these theoretical positions are

in agreement that human populations existing in arid environments will

be limited by the lowest levels to which the food supply drops.

In contrast, Cohen (1977: 48-52) has argued that carrying

capacity may be irrelevant for human foragers, and that it is rare

that hunter-gatherers are actually faced with the threat of

insufficient food. He suggested that the lower population densities

observed among recent arid lands hunter-gatherers are a reflection not

of environmental limitations but rather post-European contact

decimation of these people and their resource base. Further, he

argued that under stress created by lowered quantites of their

preferred foods, humans simply switch to less preferred foods and

exert more effort to improve the production of wild food plants by

burning, clearing, sowing of seeds, and other manipulative practices.

Cohen essentially treats the environment as a static entity which

places few limitations on human numbers. As shown in Chapter 2,

fluctuations in environmental production in southeastern Arizona and

other arid environments are common, and may substantially reduce the

availability of foods used by humans and animals. While ethnologic
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studies document the existence of less preferred plant species used in

times of food stress (Colson 1979), it is worth noting that in some

years or seasons even these may not be present in sufficient

quantities to satisfy demand. Cohens's position that hunter-

gatherer population size is not limited by the production of food in

the environment is thus open to question on ecological and biological

grounds.

In keeping with low population sizes and densities, hunter-

gatherer group size as observed in the recent past tends be small; Lee

and DeVore (1968) spoke of a "magic number" of approximately 25

persons for a local group, based on the cross-cultural work of

Birdsell (1968). Further, Birdsell identified a mean of approximately

500 persons for a dialectically distinct "tribe" or regional group of

hunter-gatherers. He accounted for these values by reference to

environmental productivity, degree of mobility, frequency and type of

interaction, and demography. Using optimal foraging theory, Smith

(1981) studied those ecological conditions affecting group size. He

identified four types of groups based on level or type of interaction

rather than sociopolitical or socieconomic attributes: foraging

groups, resource-sharing groups, information-sharing groups, and

coresident groups. Optimal resource utilization, as specified from

anthropological theory and evolutionary ecological theory, was the key

to determining those factors affecting optimal group size. Smith

(1981: 50) listed several specific factors which should theoretically
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constrain the sizes of each of the four types of groups. In general,

the important environmental factors he identified can be grouped to

include resource type (size, mobility, behavior); resource

distribution (concentration); resource abundance (rate of

reproduction); and resource spatiotemporal predictability.

Some corporate, kin-based ownership rights to certain areas or

territories are present in most arid lands hunter-gatherer societies

(Basehart 1967; Dyson-Hudson end Smith 1978; Peterson 1983; Cashdan

1983). Territory size is generally ecologically determined by the

distribution and abundance of critical resources. Rights to use the

resources are inherited at birth or acquired through marriage, or by

other social mechanisms. Defense of territorial boundaries is highly

variable among these societies, but Cashdan (1983), Dyson-Hudson and

Smith (1978), and Peterson (1983) have argued that form of territorial

defense is closely linked to ecology. In arid lands characterized by

low resource abundance and density, physical defense of boundary

perimeters is not energy efficient. Defense mechanisms in such

situations are usually social restrictions on group membership or

access to resources. Territorial boundaries may overlap at their

perimeters, and may change over time as particular local or regional

group populations fluctuate in numbers.

Fluctuations in the size and composition of groups can be

shown to vary with seasonal or annual resource abundance and location,
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and with social needs. This flexibility or choice of residence

location is another important hunter-gatherer adaptation, particularly

in arid environments (Yellen 1977). The most stable group is the

nuclear family, but consanguineal and affinal kin relationships are

usually the basis f or larger coresidential groups of families or

individuals (Rose 1968; Turnbull 1968; Lee 1972). Among many arid

lands hunter-gatherers, the size of the residential group increases

and decreases as individuals or families move about the landscape for

the purposes of improved access to food or water; trading or visiting;

ceremonies; and conflict resolution. Group membership is therefore

not fixed, and individuals enjoy some freedom of movement within

general, socially defined limits. The scale of residential

flexibility is great among the San--individuals have rights of access

to residence among different local groups within certain regional

groups. These result from consanguineal relationships based on birth,

affinal relationships created by marriage, relationships created by

trading partnerships, and even culturally recognized fictive kin

relationships (Lee 1972; Cashdari 198, 1984).

The adaptive effects of such residential flexibility are

clear; they enhance survivability of individuals and groups by

ensuring that multiple options exist for access to critical resources

during times of localized resource scarcity. Further, such rules

provide an easy means of conflict resolution; individuals or families

simply move away from antagonistic situations. Finally, occasional
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large gatherings of local groups to create temporary, larger, regional

groups is common among arid lands hunter-gatherers. This may be

dictated by seasonal resource scarcity, as among the San who gather

together at the few dependable water sources during the dry season, or

by seasonal or infrequent situations of resource abundance, as among

the Great Basin groups for the pinyon nut harvest or communal antelope

or rabbit hunts.

Flexible arrangements for altering group size and composition

act to ensure that no one is isolated from society except by choice;

to foster the flow of information between and among local and regional

groups; to help match numbers of people to locations and quantities of

critical resources; and to maintain the social fabric of society.

Mobility

Foraging groups will move about a landscape to cope with

spatial and temporal variability in the occurrence of food and nonfood

resources, but the specific patterns of mobility will vary greatly

among such groups as result of specific environmental and cultural

factors. Environmental factors include resource diversity and

density, seasonality, and productivity, and may be generally viewed as

the most important variables underlying the type and degree of

mobility. Cultural factors include technology and social
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organization. Both cultural and environmental factors constrain group

size, as discussed above.

Recent studies of hunter-gatherer mobility and organization

have used cross-cultural ethnographic data and general principles of

optimal foraging theory. Binford (1980) employed such an approach in

defining a continuum of hunter-gatherer groups based upon the type of

mobility organization. At one end of the continuum are foragers, who

are characterized by seasonal residential movements of an entire

social group from one location to another, and at the other end are

collectors, where specialized task groups are dispatched to procure

resources and bring them back to a residential site. In short,

foragers tend to move people to resources while collectors move

resources to people, or in Biniford's terms, foragers employ

residential mobility and collectors use logistic mobility. "Pure"

foragers or collectors are rare in the recent past; most recent

hunter-gatherer societies employ varying proportions of residential

and logistic mobility strategies to survive.

A more detailed analysis of mobility was undertaken by Kelly

(1983), who used Binford's forager-collector continuum but examined

environmental correlations and a sample of societies in greater depth.

Kelly employed a sample of 36 ethnographically known hunting-gathering

societies, that were classified as either residentially or

logistically organized. For the residentially mobile groups he
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obtained data on the annual number and average distance of residential

moves, total distance and total area covered by residential moves in a

year, and the length of residence at a winter or rainy season camp.

For logistically mobile groups he recorded one-way distance and total

duration in days of an average logistic trip. Although a great deal

of environmental detail was examined for the areas of the world

inhabited by the groups in the sample, Kelly focused on resource

accessibility and the monitoring of resources by hunter-gatherers.

Resource accessibility--the amount of time and effort required to

extract floral and faunal resources from the environment--was

determined separately for plants and animals, but in general Kelly

noted that resource accessibility was inversely correlated with

primary biomass. Graphic analysis of mobility variables and

environmental variables led Kelly to several important conclusions.

First, he found that both overall mobility and the average distance of

a residential move increased as resource accessibility decreased, and

that in arid environments water availability might structure mobility

more than resource accessibility. Further, he noted that increased

length of occupation of a winter or rainy season site correlated with

increasing access to bulk (i.e., seasonally abundant, storable)

resources. By the same token, increasingly long stays at a

residential site increased the distances covered by logistic trips.

He found that logistical mobility increased with increased dependence

on hunting, and also with decreasing resource accessibility.
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Binford (1982), from a theoretical viewpoint, also examined

the use of foraging space around hunter-gatherer residential sites,

and the patterns of movement from one residential site to another.

With respect to foraging space, he noted that an economic zoriatiori of

use will develop around a residential site. Zonation is defined by

several radii. A foraging radius, measured as the distance covered by

one day, out-and-back foraging trip lengths from the camp, is variable

but generally less than 10 km. This echoes the site catchinent concept

of Vita-Finzi and Higgs (1970). Beyond the foraging radius lies what

Binford termed a logistical radius where subsidiary, temporary camps

may be established and used by task groups on trips lasting more than

one day no specific distances are mentioned. Outside of this is the

visiting zone where contacts and even short-term economic interaction

with social groups occupying other residential sites occurs.

Movements of residences are viewed as being dictated by

resource depletion around a site, or in other words the need to forage

farther and farther away from the residence with increasing length of

stay at a residential site. Binford proposed that distance involved

in the movement of a residential site to a new location is usually

dictated by the foraging radius or the logistic radius developed

around the first site. A new residential site may be established at a

distance of one foraging radius, one logistic radius, or more than one

logistic radius from the former residence. The two former moves

involve some overlap with previously exploited space; the latter does
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not. Particular areas would see repeated, intermittent use over long

(decades, centuries) periods of time.

Prehistoric Hunter-Gatherers in Southeastern Arizona

These theoretical postulates and ethnographic generalizations

of the demography, group size, and mobility organization of hunter-

gatherers can serve to characterize in general terms the subsistence

adaptation of preagricultural foragers in southeastern Arizona.

Population densities were probably low.

Local group sizes were probably small.

Territory sizes were probably large.

Mobility was probably high, taking the form of frequent

movements over large areas, given the spatial and temporal

availability of resources.

Mobility was probably predominantly residentially rather

than logistically organized.

Population density, group size, and mobility patterns

probably varied to some extent over the 6000-7000 year long Archaic

period under the climatic conditions of the early, middle, and late

Holocene.

Archaeological support for most of these predictions is weak

at best because there has been so little work done at Early or Middle

Archaic hunter-gatherer sites in this region. However, recent
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investigations by several individuals in southeastern Arizona

(Ageribroad 1970; Wiridmiller 1973; Simpson and Wells 1983, 1984;

Huckell 1984a; Dart 1986; Douglas and Craig 1986; Roth 1989) have

produced some confirming data. Sites are generally small in area,

have low artifact densities, and contain few features other than

hearths. These data are in accord with the predictions of small group

size and short-term occupation of sites. Not infrequently these sites

contain artifacts of nonlocal raw materials, including obsidian that

can be chemically matched to sources in west central and southwestern

New Mexico (Shackley 1987). Shackley (1986, 1989) has interpreted

this pattern to result from highly mobile, areally extensive foraging

systems involving a northeast to southwest, upland to lowland movement

of people. These movements allowed direct procurement of obsidian at

the east central Arizona and western New Mexico sources, and over the

course of movements back to southeastern Arizona implements were used,

broken, resharpened, and many were eventually discarded in Arizona.

This may support the existence of large territory sizes and high group

mobility, or alternatively the movement of individuals or goods

between groups. The latter possibility was viewed as less likely by

Shackley, but would be consistent with exchange systems functioning

among recent hunter-gatherers. Large, recurrently occupied sites are

also known and may be multicomponent, representing more than one

portion of the Archaic period (Agenbroad 1970; Whalen 1971; Windmiller

1973). Such sites are commonly interpreted as reflecting either large

temporary aggregations of people, or as sites recurrently occupied by
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small groups of people but with the exact locus of settlement shifting

slightly over time. Climatic and biotic data for the region, coupled

with knowledge of the subsistence systems of mixed foraging-farming

societies occupying the area in historic times, also indirectly

support the inferences.

The Adoption of Agriculture

The adoption of agriculture is an appropriate subject to be

addressed within the theoretical framework of adaptive change. In its

simplest terms, agriculture can be viewed as a subsistence strategy

that may be adopted by a cultural group. This specifically assumes

that agriculture has already been developed elsewhere, and exists in a

form that includes one or more cultigens and the knowledge base to

cultivate and use them. The act of adopting agriculture is a rational

decision by a specific cultural group based upon their view of its

utility to them in their particular environmental and cultural milieu.

Given the theoretical assumption that an adaptive system is in some

sort of equilibrium, the decision to adopt agriculture means that it

will have to be integrated into a pre-existing subsistence economy.

In the Southwest, and in most other arid environments, the pre-

existing economy was hunting and gathering. Therefore, the adoption

of agriculture will have the effect of forcing changes in the existing

hunting-gathering system to accomodate the environmental and

behavioral demands associated with agriculture.
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For the last three decades a great deal of archaeological

attention has been focused on the development of agricultural

production strategies. Most of the theoretical and empirical effort

has been directed towards the origins of agriculture, with attempts

made to understand when and how agriculture arose in particular areas,

arid, in the last 10-15 years, why it arose. The latter question has

been approached primarily on a theoretical level, with the former two

questions being addressed empirically. The origins of agriculture is

an issue beyond the scope of this study, for the cultivation of such

crops as maize, beans, and squash did not originate in the American

Southwest. Rather, agriculture was an already-developed strategy when

it first appeared in this region, thousands of kilometers north of its

probable central Mexican area of origin (Sauer 1952). Nonetheless,

there are some pertinent similarities between the origins of

agriculture and the spread of agriculture. At the most fundamental

level, in both situations agriculture is integrated into a pre-

existing hunting-gathering economy, so it may be reasonable to assume

that some of the same kinds of pressures, problems, or limitations

associated with hunting and gathering at the time of the origins of

agriculture were still being faced by hunter-gatherers in others areas

long after agriculture developed.



Models of the Spread of Agriculture

Several theories have been advanced to account for the origins

of agriculture; good summaries of these have been presented by

Flarmnery (1973, 1986), Reed (1977), and Redding (1988). Redding

(1988: 58-62) classified these theories into six general categories

based on the explanatory mechanism used: (1) innate human

inventiveness; (2) climatic change; (3) population growth; (4)

interaction of population growth and climatic change or variation; (5)

coevolution of humans and certain plant species; and (6) multivariate

interactions. With the exception of innate human Inventiveness, these

explanations continue to be current in debates about the origins of

agriculture and the spread of agriculture. As discussed previously,

climatic change or variation, population growth, and the interaction

of these or other variables (such as local environmental conditions)

are factors which could cause hunter-gatherers subsistence stress

regardless of the timing. Therefore, the spread of agriculture may

have close causal links to agricultural origins, the primary

difference being that the spread of agriculture entails the

preexistence of cultigens and developed strategies for their

cultivation and use.

Only recently has the spread of agriculture been addressed

from a theoretical viewpoint. As Redding (1988) notes, it seems to

have been assumed that as a "superior" subsistence strategy
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agriculture simply replaced hunting and gathering. Two recent

explicit treatments of the subject by Rindos (1984) and Redding (1988)

offer interesting explanations from an evolutionary ecological

perspective. Both emphasize the role of fluctuations in environmental

carrying capacity and their attendant impacts on human populations at

differing levels of subsistence technology. Basically, agriculture is

viewed as a strategy to ameliorate the impacts of varying abundances

of wild plant and animal foods. Most important are the

predictability, frequency, and severity of fluctuations in annual

yields of food from the natural environment; these result in short-

and long-term changes in carrying capacity. Although invoking common

underlying environmental stimuli, Redding and Rindos offer two

contrasting mechanisms for the transition. Redding views it as the

adoption of agriculture by local foraging populations, while Rindos

treats it as the dispersal of groups already practicing agriculture.

These two models are reasonable and plausible for the spread or

adoption of agriculture in arid environments such as southeastern

Arizona and the American Southwest. They can serve as alternative

explanations for the transition to agriculture in the study area and

the region, but it is emphasized that they may not be mutually

exclusive at the regional level. That is, the transition to

agriculture may well have occurred by either one of these mechanisms

in particular parts of the Southwest. Identification of which

mechanism best explains the transition at a particular locale is an

archaeological problem.



Model 1: Adoption of Agriculture by Indigenous Foragers

Redding (1988) argues that faced with short-term interannual

fluctuations in carrying capacity, hunting-gathering populations have

four tactics available to them: (1) increase their mobility, or change

their range; (2) diversify their diet by incorporating less desirable

foods; (3) store foods to even out fluctuations; or (4) limit their

population size. He views these as hierarchical responses, each being

used until it no longer compensates for fluctuations in carrying

capacity. The adoption of agriculture will occur if it can be added

as a new strategy in a particular environment and if it will confer

selective advantages (i.e., increased survival and reproductive

fitness) on the population. Adoption will be favored, according to

Redding, in those environments where fluctuations are more

unpredictable, more frequent, and more severe.

The adoption of agriculture by hunter-gatherers may

necessitate major adjustments in established socioeconomic patterns.

Although concerned with the origins of agriculture rather than its

spread, Flannery (1968, 1986) identified the existence of potential

conflicting labor demands between hunting and gathering and

agricultural production strategies. He modeled the process of change

in subsistence in a particular arid-semiarid environment (the Oaxaca

Valley of Mexico), arid focused on the procurement systems associated

with certain key resources used by foragers (in his case, agave,
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cactus fruit, tree legumes, deer, and cottontail rabbit). Each system

was evaluated with respect to two critical regulatory mechanisms:

seasonality (when the resource was available), and scheduling (the

choice of which resources were to be procured at what time).

Seasonality is an environmentally imposed factor, but scheduling is a

cultural decision to "resolve conflict between procurement systems"

(Flarinery 1968: 74). Most scheduling problems were solved by

selection of particular resources, and by labor allocation, including

the simple sexual division of labor. Each procurement system was

subject to the effects of short-term, seasonal variation, and

information ("feedback") concerning the condition of a particular

resource allowed some flexibility in scheduling the labor allocated to

the procurement of that resource. Conflicts in time and space related

to procuring particular resources would be settled based on

information (acquired over the course of a season or year) regarding

the likely productivity of a resource for that year as well as where

that resource might produce the greatest yields. Specific population

movements and labor allocation were therefore flexible within an

annual cycle, although a general, predictable seasonal round would be

followed from year to year.

The adoption of agriculture by a group would constitute the

addition of a separate procurement system that would probably create

conflicting scheduling problems with existing procurement systems.

That is, field preparation, planting, cultivation, harvesting, and
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storing all require labor inputs at certain times, and in some or all

of these eases conflicts with other procurement systems would probably

arise. Historically, resolution of conflicts has followed the trend

of adjusting foraging to fit cultivation, with the long-term result of

increasing reliance on cultivation. From the perspective of

agricultural origins, Flannery and others have suggested that this was

probably a long, slow process, because hunter-gatherers would be

reluctant to abandon foraging in favor of farming. Flannery (1986)

has argued that the productive potential of early oultigens is the

key; once the return from labor invested in crops exceeds the return

from foraging, the shift to agriculture should be favored. In

Mesoamerioa, the return from agriculture is primarily a function of

the evolutionary development of maize into a cultigeri capable of

producing greater amounts of food per unit of land than the native

vegetation.

The input-output feedback relationships discussed by Flannery

are important here because they indicate that agriculture offers a

procurement system in which increased labor inputs produce increased

outputs in terms of food, which is less true with hunting and

gathering. Utilizing the economic change model of Earle (1980), these

relationships can be portrayed graphically. Figure 3.1 shows that the

cost curves for hunting and gathering become approximately asymptotic

rather quickly. Hunting initially has low marginal costs, due to the

high caloric yield of kills made under conditions of high prey
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Figure 3.1 Generalized cost curves for hunting (H), gathering
(C), and agriculture (A). The theoretical maximum output for
hunting (H ) and gathering (G) are also indicated. Redrawn
from Earlem(1980).
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density, but these rise rapidly as game is diminished and search and

transport costs rise. Gathering costs are initially slightly higher,

but do not rise nearly as rapidly as those associated with hunting

since plants are generally more abundant than animals. Maximum yields

for both hunting and gathering are predicated on the fact that both

plants arid animals exist in finite numbers within particular

environments and within specific territorial ranges used by humans.

Therefore, greater labor inputs for either hunting or gathering is

generally rewarded by slightly or no greater yields obtained at

greater costs.

Agricultural costs, however, are quite different. There is an

initial high cost for agriculture due to the need for such tasks as

clearing field areas, designing and building irrigation or water

control systems, and creating storage facilities, but once these basic

requirements are met increased productivity can be achieved with few

additional costs. Further, the maximum potential output may be

theoretically unlimited, assuming the existence of sufficient land,

water, and labor which can be integrated into the agricultural

production system. Note that the type or intensity of agricultural

production strategy determines the relative amount of initial cost,

but all agriculture requires labor inputs well above those associated

with either hunting or gathering because of "the need to construct and

maintain an artificial environment for the domesticated species"

(Earle 1980: 13). Still the intensification potential of agriculture
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greatly exceeds that of either hunting or gathering, thus making it a

strategy more responsive to labor investment.

What would be the archaeological correlates of the adoption of

agriculture by indigenous hunting-gathering populations? First, it

might be predicted that cultigens would appear within the same pre-

existing material cultural context; that is, there would be no change

in most material culture items unless their alteration was necessary

to perform agriculturally-related tasks. Second, agricultural

production strategies might be integrated into the economy slowly,

assuming that neither ecological pressures nor cultural ones dictated

rapid adoption. This might be manifested by a rather broad range of

radiocarbon dates on cultigens within a region, and a dine of

increasingly earlier dates towards the source from which agriculture

had spread. It might also be reflected by relatively low percentages

of cultigens in archaeobotanical assemblages from the earliest sites

with agriculture, and by increasing percentages of cultigens at

progressively younger sites. Third, there might be no obvious changes

in site type or settlement pattern with the earliest appearance of

agriculture, although such changes would be expected with the

increasing integration of agriculture into the subsistence economy.



Model 2: Spread of Agriculture by Immigrant Populations

Rindos (1984) has approached the question from a slightly

different perspective: the spread of grps already reliant to some

degree on agriculture. He argued that while the adoption of

agriculture allows for an increased carrying capacity, agricultural

production is itself unstable, with yields fluctuating interannually

due to environmental vagaries. In essence, successful agriculture can

create as well as solve subsistence problems. Concentration of crops

in fields makes them more susceptible to microclimatic effects,

predation, catastrophic events, and longer term processes such as

declining soil fertility and changes in drainage patterns. The

effects of fluctuating yields, and particularly declining yields, will

be greater as reliance on cultivated foodstuffs increases. Rindos

argues that these factors make agriculture unstable, arid that one way

this is manifested is by emigration of agricultural groups to seek new

localities to farm. However, agriculture may also permit population

growth by helping (in years of good yields) to eliminate the periodic

food stress experienced by hunter-gatherers, thus increasing

fertility. In a given area, declining agricultural production

accompanied by population growth can fuel the expansion of

agricultural production systems. Emigration results in the spread of

agriculture to new places that have all of the requisite ecological

requirements for food production. Further, because agricultural

production was a successful strategy added to a hunting-gathering
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strategy, those societies practicing agriculture should have elevated

reproductive fitness compared to foragers. For Rindos, agriculture

offers the potential for increased carrying capacity for humans but at

the same time is unstable; it therefore contains inherent elements for

both success and spread.

Green (1980) has presented similar arguments for the spread of

agriculture as societies with agriculturally-based subsistence systems

are driven to extend cultivation into new areas as productivity of

existing fields declines. His focus was primarily on cereal

cultivation in temperate, forested environments but like Rindos, he

suggested that when possible, expansion of agriculture into new areas

would be the least cost solution to declining productivity.

The archaeological correlates of the spread of agriculture by

the immigration of populations already in command of this technology

can also be specified. First, it Is probable that the first

appearance of cultigens in a region would be in the context of a

material culture assemblage different from that of the immediately

preagrioultural foraging population. This might include not only

specimens distinct from their counterparts in the foraging culture's

assemblage, but also objects with no counterparts in the foraging

society's repertoire. Second, the first appearance of oultigens might

be as an already well-developed, well-integrated part of the

subsistence economy. This would be reflected by relatively high
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percentages of cultigeris from the sites with the earliest radiocarbon

dated cultigens in a region. The rate at which agriculture appeared

throughout a region might be faster than it would with the adoption of

agriculture by indigenous hunter-gatherers, but this would also depend

upon the nature and intensity of cultural and environmental forces

fueling emigration from one area, as well as conditions in the area

into which immigration was occurring. Third, significant changes in

site type, site location, and settlement pattern from the

preagricultural foraging subsistence-settlement system might be

predicted. Such changes could include a focus on those ecological

settings optimal for agricultural fields and locations suitable for

storage, and might also produce larger sites with evidence of more

intensive occupation. The latter would be a product of decreased

mobility, and perhaps new patterns of social relationships not found

in foraging groups.

The adoption and spread of agriculture is a complex process,

potentially involving either the acquisition of agriculture by

hunting-gathering societies, the dispersal of groups already

practicing agriculture into new territory with suitable open niches

for farming, or both. Bearing these two models in mind, it is time

to examine previous studies of the transition from hunting and

gathering to agriculture in the American Southwest.



CHAPTER 4

PREVIOUS INVESTIGATIONS OF EARLY AGRICULTURE IN THE SOUTHWEST

Archaeological inquiry into the adoption of agriculture in the

American Southwest has been strongly shaped by historical chance and

circumstance. For the sake of convenience, the following history is

divided into pre- and post-1980 investigations. The existing data

base is presented first for each period, followed by an examination of

the models that have been proposed to explain the transition from

hunting and gathering to agriculture is this region. The

archaeological investigations that provided most of the basic data on

early agriculture were conducted in the 1940s and 1950s, and the first

integrated model of the adoption of agriculture in this area was

developed in the 1960s. Beginning in 1980, a period of renewed

fieldwork at both new sites and previously investigated sites began,

accompanied by critical evaluations of earlier data and models, and

the creation of new models.

Research Prior to 1980
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Archaeological inquiry into the adoption of agriculture in the

American Southwest is essentially synonymous with the investigation of
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rockshelter sites. It is basically a story of chance discoveries

often made in spite of, rather than because of, the research interests

that motivated the excavation of rockshelters. Archaeologists in the

first five decades of the 20th century were largely concerned with the

reconstruction of areal or regional culture histories, and rock

shelters provided situations in which stratified occupational

sequences could be expected. In particular, the earlier portions of

local occupations were thought likely to be found in such places. It

has only been in the 1980s that Southwestern rockshelters were

deliberately chosen for work to obtain additional information on

agriculture (Minnis 1985:333; Wills 1985; MacNeish 1988). While

rockshelters are desirable places to obtain evidence of early

agriculture because of their often excellent preservation of organic

remains, the focus on rookshelters has created a data base badly

biased in physiographic, geographic, and sociocultural terms.

The realization that agriculture had a long history in this

region came from the investigation of rockshelters in northeastern

Arizona and southeastern Utah early in this century. Excavators found

features and burials with preserved organic materials but lacking

pottery; often these occurred stratigraphically below masonry pueblos.

These features included storage pits and slab-lined cists, some of

which contained maize ears, cobs, and loose kernels; beans; and squash

parts (Pepper 1903; Kidder and Guernsey 1919; Guernsey and Kidder

1921; Nusbaurn 1922). From this work the preceramic Basketmaker II
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culture was eventually defined. Dating was weak before 1980, but the

Basketmaker II period was thought to fall between AD 1 and AD 500

(Smiley and others 1986).

Bat Cave

The establishment of great antiquity for agriculture in the

Southwest came with the excavation of Bat Cave in west central New

Mexico in 1947, 1948, and 1950. As part of the Peabody Museum project

on the upper Gila River, Bat Cave was chosen for excavation because it

was hoped that data on the preceramic use of the area could be

obtained (Dick 1965: 1). Bat Cave consists of one large shelter and

four separate, smaller chambers (Dick 1965, Figs. 4-5, 8), all of

which were excavated to varying degrees in arbitrary 12 inch levels.

A long record of Archaic occupation was indeed found, including

abundant, well-preserved cultigens in unexpected association with the

Archaic occupation. The maize and other cultigens were dated, albeit

indirectly, by the then-nascent science of radiocarbon to the fourth

(Dick 1965: 17, 95) or third (Mangelsdorf and others 1967) millenium

before Christ. In addition to over 760 cobs, the precerarnic deposits

also produced 125 kernels, tassel fragments, pedunoles or shanks, and

husks, suggesting that maize was grown in the vicinity of the

rockehelter. Studies by maize geneticist Paul Mangelsdorf

(Mangelsdorf and Smith 1949) indicated that the maize from the lowest

levels of Bat Cave was evolutionarily quite primitive, and therfore
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consistent with its apparent age. The maize was identified as a

primitive popcorn with weak pod corn traits. Although small in terms

of ear size, Mangelsdorf suggested that this maize most closely

resembled the modern Mexican land race Chapalote defined by Welihausen

and others (1952). This characterization of the early maize from the

site was strongly colored by the theoretical model of maize evolution

previously advanced by Mangelsdorf and Reeves (1939).

This discovery of cultivated plants in association with the

artifacts of a hunting-gathering culture dating several thousand years

before the appearance of settled village life produced an enduring

legacy. No other site has been so pivotal in archaeological

reconstructions of the adoption of agriculture in the Southwest in

terms of the timing of its appearance, its integration into Archaic

hunter-gatherer economies, and even its implications for early

agroecology. As discussed by Dick (1965), the earliest cultivated

plant remains occurred in what were considered Chiricahua stage

(Middle Archaic period) Cochise Culture deposits. They were limited

to the small-eared pop corn and squash (Cucurbita pepo). Dick (1965)

believed that a date of approximately 3500 BC was reasonable for this

earliest material, but this was later revised by Mangelsdorf, Dick,

and Camara-Hernandez (1967: 4-5) to "probably not earlier than ca.

2300 BC" and perhaps several centuries later. Overlying deposits

assigned to the San Pedro stage (Late Archaic period) of the Cochise

Culture contained beans (Phaseolus vulgaris) in addition to maize and
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squash; this San Pedro occupation was dated to approximately 1000-500

BC (Dick 1965). However, despite the addition of cultigens, Dick

(1965: 107-111) noted that there was no marked change in preceramic

material culture accompanying this presumably significant event.

"Improved types of ground stone seed milling equipment did not appear

until near the time of Christ, and even the relative abundance of

milling equipment decreased after the arrival of cultigeris. Dick

noted that these observations concerning the lack of change applied

not just to Bat Cave but to other parts of the Southwest as well,

including southern Arizona.

Tularosa and Cordova Caves

In 1950 Paul S. Martin and his associates excavated Tularosa

Cave and Cordova Cave, approximately 38 km northwest of Bat Cave, in

an effort to obtain stratified deposits to clarify the relative

temporal relationships among the phases of the Mogollon Culture

(Martin and others 1952). Work at Tularosa Cave revealed substantial

pre-pottery (Archaic) deposits that contained abundant preserved

cultigens. In addition to maize ears, cobs, and loose kernels, squash

(Cucurbita papo), bottle gourd (Lagenaria siceraria), and common beans

were all present in the preceramic deposits (Cutler 1952).

Radiocarbon dates of 2223 200 BP and 2112 4- 230 BP were obtained on

maize cobs from the pre-pottery deposits, suggesting that the earliest

occupation of Tularosa Cave postdated that found at Bat Cave. The
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stone artifact assemblage was compared to a number of other preceramic

cultures, but was not explicitly labeled Cochise Culture. The

abundance of maize in the pre-pottery deposits was surprising--over

1500 cobs were recovered from two 2 m by 2 m squares alone. As at Bat

Cave, ear shanks, leaves, stalk fragments, root fragments, and husks

suggested that the maize had been grown near the site. The abundance

of maize implied significant dependence upon cultigens, and both

Cutler and Martin noted that cultivated plants had a greater relative

abundance in those deposits than in overlying ceramic period

Georgetown phase (AD 500-700) deposits.

The plant remains from Cordova Cave were reported by Lawrence

Kaplan in 1963. Maize cobs, kernels, husks, and stalks were reported

from all levels of the shelter, including a poorly defined pre-pottery

horizon. Unfortunately, the cultigens did not receive detailed study.

Wills (1988: 133-135) has summarized the data from this site, which is

somewhat problematic due to difficulties with the equivalency of

excavation units with cultural units, and an absence of direct dates.

Wills (1988: 135-137) has noted that another rockahelter site

known as 0 Block Cave also produced cultigens in a preceramic context.

0 Block Cave was excavated by the Field Museum in 1952 (Martin,

Rinaldo, and Bluhm 1954), but the cultigens remain unstudied, as do

the stratigraphic and cultural aspects of the preceramic deposits and

the association of cultigens with them. Located only 5 km from



Tularosa Cave, 0 Block Cave may be another example of an upper

elevation rockehelter site with evidence of precerainic agriculture.

The Cienega Creek Site

Another very important site with evidence of agriculture in a

preceramic context was excavated by the University of Arizona

Archaeological Field School under the direction of Emil Haury in 1955-

1956 (Haury 1957). The Cienega Creek Site was an open site, contained

in alluvium and exposed by a in deep arroyo approximately 6.4 km

south of Point of Pines in the mountains of east-central Arizona.

Excavation of a 5 in by 13 in area revealed a concentrated record of

human occupation spanning three major geological deposits (beds B, C,

and D) and consisting of six hearth features and 12 pit features of

four types. One of the pit features contained 40 human cremations

with accompanying artifact offerings, but nine of the pits were

probably wells dug to reach the water table. Although no evidence of

maize was present when Haury reported the site in 1957, examination of

pollen samples from a column revealed maize pollen from bed C-3

(Martin and Schoenwetter 1960). Unfortunately, laboratory problems

have rendered questionable the dating of this unit, and therefore the

maize pollen within it. Radiocarbon samples were split and sent to

two different laboratories, Arizona and Michigan. The Arizona lab was

employing the solid carbon method while the Michigan lab utilized the

CO2 gas proportional method. The resulting dates on paired samples

I 36
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were between 1500 and 1800 years different (Haury 1957, Fig. 24, Table

2), with the Arizona dates being older. While noting the discrepancy,

Haury favored the Arizona dates. However, when the Arizona lab

converted to the CO2 method several old samples were re-dated using

the new technique, and a few new samples from the site were evaluated.

The results were much more similar to the dates obtained by the

Michigan lab, and as a result bed C-3 may date to the period between

3000 and 2000 BP, rather than 4000 BP (see Berry 1982, Table 4; Wills

1988: 137-141). The presence of maize pollen may suggest the

existence of maize field near the site, but the excavated portion of

the site seems to reflect specialized use for water procurement and

later as a cemetary.

Jemez Cave

Also in the 1950s, a rockshelter known as Jemez Cave was found

to contain evidence of early agriculture. Located in the Jemez

Mountains approximately 70 km west of Santa Fe, the site consisted of

a large, deeply stratified shelter excavated in 1934 and 1935 by the

University of New Mexico Field School and the School of American

Research (Alexander and Reiter 1935). The site was generally

excavated in 1 foot arbitrary levels (up to 15 levels were defined),

but some natural stratigraphy was present. Although badly disturbed

by "treasure seekers," prehistoric reocoupation, and rodents, the

shelter yielded evidence of "early sporadic occupations" assigned to
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the Basketmaker period (Alexander and Reiter 1935: 65-66). Also

present was maize, some from the deeper levels 7-9 (Alexander and

Reiter 1935: 61). In the late 1950s, maize cobs of "generalized Bat

Cave character" (identified by Michigan ethnobotanist Volriey Jones)

were radiocarbon dated to 2440 + 250 B? (M-466) (Crane and Griffin

1958, Table 1, 1121). While atlatl dart points, foreshafts, and other

parts suggest a preceramic component in Jemez Cave, and the

radiocarbon date confirms its presence, there is little more that can

be said about this occupation.

Swallow Cave

In 1952 and 1953 Robert Lister excavated Swallow Cave, a

rockshelter located in the Sierra Madre Occidental approximately 93 km

southwest of Casas Grarzdes in northwestern Chihuahua, Mexico (Lister

1958: 15-22). Excavation proceeded in 6 inch arbitrary levels. From

two arbitrary levels (72-78" and 78-84") below the surface of the cave

floor and 30 inches below the lowest level containing pottery, came a

few maize cobs. Mangelsdorf (1958; Mangelsdorf and Lister 1956)

examined these specimens, and determined that they closely resembled

the early Bat Cave cobs; he designated them "Pre-Chapalote" in

recognition of their close resemblance to the modern race Chapalote.

Although no absolute dates or temporally diagnostic artifacts were

obtained from Swallow Cave, the maize cob morphological link to Bat
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Cave was assumed to document an Archaic age roughly comparable to that

of Bat Cave (Lister 1958: 112).

Other Sites in the Southwest

Possible evidence of early agriculture was obtained from a few

other sites in the northern Southwest in the 196Os and 1970s;

unfortunately these data have not been well reported. Excavations at

En Medlo Shelter located northwest of Albuquerque, New Mexico, by

Cynthia Irwin-Williams (Irwin-Williams and Tomkins 1968) resulted in

recovery of maize pollen from features dating as early as 3500 BE',

based on one wood charcoal date.

Maize macrofossils were recovered from the Hay Hollow Site

(Martin arid Flog 1973: 77; Fritz 1974), a precerainic pit house village

located near Snowflake, Arizona. A series of wood charcoal

radiocarbon dates suggest that the site dates to the period between

2400 BE' and 1600 BE' (Bohrer and Martin 1972).

From 1969-1972 Human Systems Research (1973) excavated Fresnal

Shelter, a stratified rockshelter approximately 110 km northeast of

Las Cruces, New Mexico. Maize cobs were found in stratigraphic

association with a wood charcoal date of approximately 3600 BE'. This

was the first definite occurrence of maize in a preceramic context in

the more arid southern Southwest.



Sites in Southern Arizona

Excavations at Archaic sites in southern Arizona before 1980

were few and yielded very little evidence of agriculture. -Sayles' and

Antevs' (1941) pioneering work in the 1930s failed to produce maize at

any Cochise Culture sites. The lack of evidence for cultigens from

Sayles' 1938-41 work at the Late Archaic San Pedro Stage sites of

Fairbank, Charleston, and others in the San Pedro and Sulphur Spring

valleys was long accepted at face value as indicating the absence of

agriculture. Ventana Cave (Haury 1950), a rockshelter on the Tohorio

O'odham Reservation approximately 70 km northwest of Sells, also

failed to produce cultigens in preceramic contexts, although these

deposits were not completely dry.

However, in 1958 maize pollen was reported from alluvial units

exposed in the Matty Canyon arroyo of the Cienega Valley of

southeastern Arizona. Although noncultural in origin, these units

could be correlated to a nearby buried Late Archaic site (AZ EE:2:30)

excavated by Frank Eddy (1958; Eddy and Cooley 1983), thereby

providing indications of preceramic agriculture (Eddy 1958; Martin

1963: 34; Sohoenwetter 1961). No direct evidence of maize pollen or

macrofossils came from Eddy's excavations, however. Martin (1963)

also recovered maize pollen from a buried San Pedro Stage site located

north of Double Adobe in the Sulphur Spring Valley. In 1968 maize

pollen was identified in soil samples from the fill of a burial pit at
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another buried Late Archaic site (AZ EE:2:50) 15 km to the north on

Cienega Creek near Pantano (Hemminga and others 1968:21). Radiocarbon

dates on wood charcoal from this deposit were 1780 + 100 BP (A-885)

and 1660 ,- 60 BP (A-886), among the youngest preceramic dates from

this region.

The Haury Model

By 1960 the grouping of sites in the Mogollon Highlands of

Arizona and New Mexico constituted the only firm macrofossil evidence

of preceramic agriculture in the Southwest. It was Emil Haury who

recognized patterning in the distribution and types of early

agricultural sites, and attempted to explain the pattern in terms of

ecology and cultural evolution. Haury (1962) observed a clustering of

sites with evidence of cultigens in preceramic contexts at elevations

of 1850 m (6000 ft) or more, and noted the absence of similarly early

evidence from arid and semiarid valleys of the Southwest. He placed

the beginnings of cultivation in this upland area at 2500-3000 BC,

relying on the dates from Bat Cave and the Arizona solid carbon dates

for the Cienega Creek Site. Further, he argued that not until near

the time of Christ was agriculture established in the more arid parts

of the region. From this Haury concluded, as had Carter (1945) and

Mangelsdorf and Lister (1958) before him, that early maize and other

cultigens were adapted to the mesic conditions found at higher

elevations, and had to evolve the ability to endure the greater
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temperatures and lower moisture levels at lower elevations. The

presence of all known early agricultural sites in the highlands

implied that agriculture had probably entered the Southwestern United

States via a north-south corridor running along the Sierra Madre

Occidental, which would have provided the cooler, wetter growing

conditions to which the early crops were supposedly adapted. Further,

Haury argued, the arrival and incipient cultivation of these early

cultigens had no immediate impact on Southwestern hunting-gathering

societies; there was no evidence of an "agricultural revolution" which

fostered rapid sociocultural developments. Some 2000 years passed

before agriculturally-based village life appeared in the

archaeological record. In fact, Haury linked this event to the

postulated arrival of more productive, improved cultivars of maize

shortly before AD 1. This improved maize, coupled with the

development of irrigation technology, made possible the development of

settled village life in the Southwest.

Haury's model remained essentially unchanged for over 15

years, and many of his ideas have lasted well into the 1980s, as will

be discussed below. Herbert Dick also presented a similar

interpretation of early preceramic agriculture in his report on Bat

Cave (Dick 1965: 100-111), suggesting that early maize could only be

grown in higher elevations with greater precipitation, and that it did

not become economically Important until improved oultivars appeared.
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The first specific attempt to discuss the adoption of

agriculture in the more arid parts of the Southwest was presented by

Norman Whalen (1971: 209-217; 1973), and he followed Haury's model

almost exactly. Whalen evaluated the implications of the highland

sites data base for the river valleys of southern Arizona, and he too

stressed that development of drought-tolerant cultivars of maize,

coupled with population growth, were the key factors in the arrival of

agriculture in the more arid environments. In a 1979 treatment of

agricultural beginnings in the Southwest for the Handbook of North

American Indians, Richard Woodbury and Ezra Zubrow also found Haury's

model the best account of the adoption and development of cultivation.

Research After 1980

As noted above, a resurgence of interest in early agriculture

led to new field work after 1980. Chance discoveries on contract

archaeological projects, directed research, and reanalysis of earlier

data have characterized this period. Two new methods have greatly

facilitated and advanced the study of early agriculture in the 1980s.

First, the widespread employment of soil flotation has allowed

recovery and identificaton of cultigens at open preceramic sites.

Second, the advent of particle accelerating mass spectrometry (M1s)

technology has allowed direct radiocarbon dating of cultigens. With

these developments the study of early agriculture made remarkable

strides in the 1980s.



The Reinvestigation of Bat Cave

Perhaps most prominent among the new investigations was the

return to Bat Cave by the University of Michigan in 1981 and 1983. W.

1-i. Wills (1988a, 1988b) has presented the new data from the cave, and

has re-evaluated Dick's (1965) information from the original

excavations. Excavations occurred in the remaining undisturbed

portions of the main shelter, the four smaller chambers, and a

separate north shelter nearby. This work has clarified both the

stratigraphic and chronometric position of cultigens within the

deposits, thereby allowing reinterpretation of the cultural context of

early agriculture. Wills' (1988a: 105-118) analyses demonstrated that

the use of arbitrary levels in the earlier excavations had caused

investigators to overlook complex cultural and natural stratigraphy,

including pit features extending into the deeper levels of the

shelters from stratigraphically higher occupation surfaces. The

arbitrary levels resulted in the mixing of artifets, cultigens, and

charcoal of potentially very different ages. He further emphasized

that the original dates obtained in 1948 and 1950 probably consisted

of cobs and uncarbonized material from a variety of provenienoes and

perhaps even separate areas of excavation mixed together solely on the

basis of arbitrary levels. Careful excavation in natural levels and

cultural features made it clear that cultigens were present in Late

Archaic features, including hearths and storage pits, associated with

direct dates on maize and squash ranging between approximately 3200
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and 2100 BP. The use of AMS technology made possible the direct

dating of maize and other cultigens, rather than relying on

conventional dates on wood charcoal presumed to be associated with the

cultigens. Unfortunately, results of the examination of the oultigens

recovered from Bat Cave have yet to be published. Richard Ford's

analyes (cited in Wills 1988a: 127) suggest that the maize cobs from

the earliest contexts are part of the Chapalote land race series and

do have some primitive characteristics, as suggested by Mangelsdorf.

However, many of these early specimens appear to be unfertilized

tiller ears.

Wills (1988a: 123-151) has also reviewed and refined

understanding of the other early agricultural sites in the region,

including Tularosa Cave, Cordova Cave, 0 Block Cave, the Cienega Creek

Site, and Swallow Cave. His critical analyses, together with those of

Michael Berry (1982, 1985) on the chronometrics of early agriculture,

serve to refine and sharpen the pre-1980 picture of early agriculture

at these upper elevation sites. Both Wills and Berry show that use of

arbitrary level excavation strategies, problems of association between

radiocarbon dates and cultigens, and problems with dating methods and

materials have serious implications for the age of agriculture in the

Southwest.



Sites in Northwestern New Mexico

Evidence of early agriculture outside of the Mogollon

Highlands has also appeared in the 1980s. Alan Simmons (1982, 1986)

reported the discovery of cultigen macrofossils and pollen from the

Chaco Canyon area. Maize and Cucurbita pepo macrofossils from two

sites (one rookshelter and one open site) produced radiocarbon dates

ranging between approximately 2100 and 2900 BP, and maize pollen

recovered from hearths at two sites was suggested to date to

approximately 3500-3900 BP based on the dating of wood charcoal from

the hearths (Simmons 1986, Table 2). Simmons (1982: 910-915; 1986)

suggested that these dates reflected incipient, low-level use of

cultigens as a supplement to hunted and gathered foodstuffs. Of

particular interest was the association of maize macrofossils with

several bell-shaped pits at the open site, LA 18091.

Sites in Southern New Mexico

Far to the south near Las Cruces, Richard S. MacNeish,

Steadman Upham, and others have recently reported the discovery of

maize in preceramic deposits in rock shelter sites (F4acNeish and

Beokett 1987; MacNeish 1989). They obtained a conventional

radiocarbon date of 3175 + 240 BP on maize cobs from one rookshelter

(Tornillo Shelter); further, obsidian hydration dates on artifacts

from the same stratigraphic level included values of approximately
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1000 BC and 650 BC (Upham and others 1987). Of interest is their

assertion that this maize is of a racial type which they term "Proto-

Maiz de Ocho," arid which they believe is distinct from the many-rowed

maize recovered from other Late Archaic contexts; eight-rowed maize

has generally not been found in the Southwest until the early

centuries of the Christian era. The usual many-rowed flint or

popcorn, "Chapalote" or "Pre-Chapalote," is also present in the same

deposits. Galinat (1988) subsequently emphasized that this "Proto-

Maiz de Ocho" was not necessarily different from early 8-rowed maize

recovered from preceramic deposits much farther south in Oaxaca, and

may simply represent another possible evolutionary starting point for

later Maiz de Ocho races. Its economic significance and biological

relationship to the many-rowed maize is therefore subject to further

inquiry. The results of these excavations have riot yet been fully

published.

Also, a direct date on a maize cob from Fresrial Shelter has

produced a value of approximately 2500 BP, rather than 3600 BP age

that had been suggested by an earlier date on wood charcoal found in

association with the cob (Wills 1988b: 476).

Sites in Northeastern Arizona

The long-term Prescott College-Southern Illinois University

Black Mesa Archaeological Project has also yielded important
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information on the development of early agriculture on the Colorado

Plateau in northeastern Arizona. Work by FE. Smiley (1985) and

William Parry (Smiley and others 1986; Smiley and Parry 1990) has

clarified the nature and age of the Basketmaker II occupation in the

area. Smiley (1985) worked with the L.olomai phase (BM II) habitation

sites excavated on Black Mesa between the mid-1970s and early 1980s.

These surface sites commonly contained shallow pit structures, storage

pits, and other features, and carbonized maize was nearly ubiquitous

in flotation samples. Focusing primarily on the chronometric aspects

of these sites, Smiley was able to demonstrate that virtually all

dated to the first three centuries after Christ. However, he also

secured ANS radiocarbon dates on samples of maize from three of the

"classic" Basketmaker II cave sites nearby in Marsh Pass, and found

that those occupations fell between approximately 2100 and 2600 BP,

far earlier than had been assumed.

In collaboration with Parry, Smiley excavated at a rockshelter

on the northern face of Black Mesa known as Three Fir Shelter in 1987.

Abundant Basketmaker II deposits and features were found, and

radiocarbon dates on maize suggested that the shelter was occupied

between approximately 3000 and 2100 BE'. However, one date of

approximately 3600 BE' was obtained on maize, hinting at the

possibility of a much earlier date for this cultigen than had been

obtained anywhere else in the Southwest (Smiley and Parry 1990). The

oldest direct date, approximately 3700 BE', comes from Bat Cave, but
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has been suggested by Wills (1988a: 126) to be suspect due to possible

problems of preservative contamination. Only time and continued

dating of early cultigens will tell whether the Three Fir Shelter date

and the Bat Cave assay are accurate.

Sites in Southeastern Arizona

Carbonized maize cupules and kernels were not recovered from a

Late Archaic site in southeastern Arizona until the 1980s. In 1982 a

test trench into a late prehistoric artificial terrace atop Tumamoc

Hill in Tucson revealed a buried Late Archaic deposit under the

terrace; from it carbonized maize cupules and a few kernels were

recovered by flotation (P.Fish and others 1986). Three direct dates

on maize oupules by ANS produced rather disparate results: 2470 + 270

P (A-3750); 1630 + 270 BP (A-3751); and 1130 + 270 BP (A-3749). A

wood charcoal date of 2110 -i- 90 SF (A-2747) was also obtained. A Late

Archaic age is suggested by one ANS date and the charcoal date, but

the younger values are difficult to reconcile. Contamination from an

overlying ceramic period deposit was not thought likely by the

investigators, although two Late Archaic projectile points were

recovered from that younger deposit and one other was found on the

surface nearby. This may suggest that some cultural or natural

disturbance of the Archaic deposit occurred.
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In 1983 the author investigated two buried Late Archaic

deposits in Matty Canyon: AZ EE:2:30, first excavated by Eddy In 1958,

and AZ EE:2:137 (Los Ojitos), a small exposure 300 in downstream of AZ

EE:2:30. Los Ojitos produced abundant carbonized maize cob fragments

and one domestic bean from the screen-washing of a 5aturated cultural

deposit. An MIS radiocarbon date of 2170 + 150 BE' (A-3500) was

obtained on a maize cupule from this site, but the date may be

slightly too young due to humate contamination from a thick peat

deposit approximately 50 cm above the cultural deposit. Additional

work conducted at the same time at AZ EE:2:30 also produced carbonized

maize cupules from flotation samples. Studies by Lisa Huckell

indicate that the morphology of the maize cob fragments and cupules at

both sites closely compares with maize from other Late Archaic sites

in the Southwest. This probably indicates that the early maize from

both highland and lowland environments of the Southwest is

phenotypically and perhaps genotypically quite similar (L. Huckell

1984, 1989).

Other work at open sites in the 1980s produced maize pollen

from two sites with Late Archaic components: the Valencia Site (s.

Fish 1985) and La Paloma (S. Fish 1986). At the Valencia Site 2 km

north of San Xavier Mission Late Archaic residential structures were

identified at what was largely a Colonial and Sedentary Hohokam site

(Bradley 1980; Doelle 1985). Wood charcoal dates of 2760 170 B?

(Beta-7168) and 2200 + 130 EP (Beta-7167) were obtained from two
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structures lacking temporally diagnostic artifacts. Unfortunately, no

flotation or pollen samples from these structures were analyzed, so

there is no direct evidence of cultigens in them. However, maize

pollen was recovered from an undated, typologically similar structure

about 500 m to the southwest. This suggests that maize was probably

present in the context of residential structures along the Santa Cruz

River between approximately 2900 and 2000 B?.

At La Paloma, a surface site located in the 8outherfl Santa

Catalina foothills, three grains of maize pollen were identified from

a mano grinding surface. Both Middle and Late Archaic projectile

points were present here, indicating multicomponericy; the mano was

thought to be related to the younger occupation (Dart 1986).

In 1984 excavations were conducted at Milagro, a site located

just east of Tucson in the far northeastern corner of the Tucson

Basin. Flotation samples from pit structures and bell-shaped

intramural and extramural pits yielded carbonized maize cupules; one

of these yielded an P&NS date of 2780 + 90 B? (AA-1074). This site is

the subject of Chapter 5 and will not be further considered here.

Archaeological testing in 1987 at the San Agustin Mission Site

(AZ BB:13:6) resulted in the discovery of a Late Archaic site

containing pit structures and pit features buried beneath the remains

of a Spanish and Mexican period mission (Elson and Doelle 1987). Test
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trenching revealed 41 features of known or probable Late Archaic age,

including 15 domestic structures, 16 hearths or roasting pits, and 10

"living areas or use surfaces." Unfortunately, no further work has

been done at this important site. Two wood charcoal dates from pit

structures have been obtained: 2770 + 90 BP (Beta-29706) and 2740 +

160 BP (Beta-29705). These dates and the contents of the sites

compare favorably with results from Milagro and the Valencia Site.

Between 1986 and 1988 Barbara Roth investigated the Cortaro

Fan Site (AZ AA:12:486) located approximately 10 km north of Tucson on

the eastern margin of the historic floodplain of the Santa Cruz River.

This site was marked by a large surface assemblage of Late Archaic

artifacts and surface-exposed features, along with some Hohokam

material, and excavation revealed a series of buried pit features

(Roth 1989: 187-201). Flotation of soil samples produced carbonized

maize, and two recent ANS radiocarbon dates have placed these

cultigens at approximately 2800 BP. However, wood charcoal dates (two

of which came from the same features as the maize dates) place the

occupation at approximately 2100-2300 BF. As Roth (1989: 197, 201)

notes, this discrepancy is not easily explained, but she suggests that

the site occupation can be bracketed between 2200 and 2500 BP.

Other Late Archaic sites or isolated features have been

investigated in the Tucson Basin area, but these have not produced
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cultigens. A review of the entire Late Archaic data base for the area

has been published (B. Huckell 1988).

Models arid Syntheses of the 1980s

Richard Ford (1981) set the tone for the decade with his

discussion of North American agriculture before AD 1000. For the

Southwestern United States he defined what he termed the Upper Sonoran

Agricultural Complex. It was described as a crop complex consisting

of maize, squash (Cucurbita pepo), bottle gourd (L.agenaria), and beans

(Phaseolus vulgaris) first introduced into "Mountainous regions above

2000 m with sufficient precipitation for dry farming in southwestern

New Mexico and southeastern Arizona...." (Ford 1981: 7). "Upper

Sonoran" was used by Ford to denote the "Upper Sonoran Life-zone in

the Southwest and in the Sierra Madre Occidental of northern Mexico,"

although in southeastern Arizona usage of the term would not generally

include communities at elevations above 2000 m. Ford followed Haury's

(1962) scenario for the movement of agriculture into the Southwest

along a highland corridor, but questioned the validity of the early

radiocarbon dates from the classic highland sites. He concluded that

1000 BC, rather than 2000 BC or earlier, was a more reasonable

estimate for the arrival of agriculture in the Southwest. Ford based

this assessment on problems with early dating techniques, sample

selection, and uncertainties surrounding the association of dates with

maize caused by the use of arbitrary levels of excavation at these
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sites. Finally, he noted that the data suggested that cultigens of

this complex did not arrive in the Southwest at the same time; maize

and squash arrived first, followed by the bottle gourd and then the

common bean.

Like Haury before him, Ford emphasized that the crops were

cultivated by nomadic hunter-gatherers, who did not use them as

dietary staples due to their relatively low productivity and the

mobility demands of hunting and gathering. However, he argued that

they were valued because they provided resources highly predictable in

terms of place and time. That is, cultivation created localized, high

density patches of edible plants including both cultigeris and native

annuals which flourished in the disturbed fields. Particularly in the

northern Southwest, which is characterized by low densities of food

plants, the addition of cultivation as a strategy would be important

for providing new food plants. Moreover, it would create suitable

habitats in active and abandoned fields for edible, weedy native

species which favored disturbed habitats, thereby increasing the

abundance of wild food plants (Ford 1984).

Michael Berry (1982, 1985) also examined the question of the

adoption of agriculture in the Southwest. His perspective was

primarily chronological, and his work focused on the critical

reassessment of the dating and evidence of agriculture at all

Southwestern sites reported to have early maize. He concluded that
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due to the use of arbitrary level excavation techniques, older and

less reliable radiocarbon dating methods, questionable associations of

maize pollen or macrofossils with early dates, reliance on dates on

wood charcoal rather than cultigens, and other interpretive practices

of the past, there was no good evidence of maize in the Southwest

before approximately 750 BC, and perhaps not before 500 BC.

Therefore, the earliest maize was not associated with the Middle

Archaic period Chiricahua stage, but with the L.ate Archaic period San

Pedro Stage. Berry also observed that the change in material culture

which accompanied the transition from the Chiricahua stage to the San

Pedro stage might signify the arrival of immigrant populations

bringing maize agriculture with them. He further speculated that this

shift occurred during a period of greater aridity known as the

Fairbank Drought originally defined by Anteve (1955, 1983). The

immigrant populations were forced by heightened aridity to the

highlands to practice agriculture, thereby accounting for the earliest

appearance of maize in the highlands. The origins of these

"colonists" were not specified (Berry 1982: 31-33; 1985: 305-306;

Berry and Berry 1986: 318-319).

Paul Minnie (1985) also approached the question of the

adoption of agriculture in the Southwest, and his treatment of the

problem was more explicitly anthropological rather than

archaeological. Minnie noted that agriculture might readily be

integrated into a hunting-gathering economy without causing any
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dramatic changes in the basic subsistence-settlement system. He

argued that low costs--in terms of human labor and restrictions on

mobility--might accompany the adoption of agriculture, assuming that

the goal of food production was to supplement rather than replace

hunting and gathering. With some effort at planting time, but little

or rio cultivation afterwards, a harvest of any size would act to

enhance the overall economic security for hunter-gatherers. Crop

failure would not be catastrophic because of the low input of effort

into agriculture and the overall reliance on wild food resources.

Minnis pointed to the Western Apache as an example of this strategy,

and therefore useful as an historic analog to the Late Archaic

integration of agriculture into a foraging economy. Among the Western

Apache agricultural produce contributed less than 30 percent of the

total diet, a percentage considered by Minriis to be rather minor.

Minnie also examined reasons for the adoption of agriculture

by hunter-gatherers. He proposed two models of crop acquisition for

the Late Archaic period, one termed a "model of necessity" and the

other a "model of opportunity.'t Under the model of necessity, stress

due to either cultural (increased population density, reduced access

to resources) or natural (climatic changes or fluctuations) factors

dictated the adoption of cultivation to help offset reduced resource

availability. Under the model of opportunity, agriculture was

acquired because it simply provided greater economic security with

relatively little cost, regardless of whether stresses existed. He
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further noted that the models were riot mutually exclusive. Finally,

although recognizing that archaeological data were few and weak, he

proposed that the adoption of agriculture was a "monumental norievent

with little immediate impact on native human populations" (Minnis

1985: 310, emphasis in the original). This echoed Haury's (1962) and

Dick's (1965) views, as well as those of Simmons (1982, 1986).

Rosalind Hunter-Anderson (1986) also treated the adoption of

agriculture in the Southwest within a more ambitious theory-building

effort to explain the development of Southwestern societies. Her view

was that the shift to agricultural production was linked to increased

population densities during Late Archaic times, which restricted the

mobility and range of hunter-gatherers. This fostered reliance on

cultivation to offset the loss of access to desired wild resources.

This density-dependent model is largely an outgrowth of the thesis

that demographic pressure is the major independent variable in

technological change, as employed by Binford (1968) and Cohen (1977)

to explain post-Pleistocene adaptive changes world-wide.

Robert Hard (1986, 1988) studied the problem of differential

timing in the adoption of agriculture in various regions within the

Southwest. Like Hunter-Anderson (1986) and Wills (1988a), he argued

that slow population growth during the Archaic period created an

imbalance between human numbers and resources, encouraging the

adoption of agriculture. He examined the productive potential of
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biotic communities, and the suitability of particular environments for

agriculture based on moisture availability, in order to identify those

areas in the Southwest where agriculture would have been adopted

first. His object was to explain the disparate times at which some

level of reliance on agriculture was in evidence in various parts of

the Southwest after AD 500. The increase in mean mano length through

time was used to measure agricultural dependence. He concluded that

mixed environments with some areas of highly productive communities

and some less productive communities, but possessing sufficient

moisture for agriculture, would be where agriculture would be adopted

first. One environment not fitting Hard's expectations is the Arizona

Upland Subdivision of the Sonoran Desertscrub. He characterized this

community as less productive than the Lower Colorado Subdivision, a

relationship which appears to be reversed in light of ethnographic

data on plant use. Further, agriculture appears to be adopted in

the Arizona Upland Subdivision quite early, in contrast to Hard's

expectations.

Richard MacNeish (1988) evaluated the adoption of agriculture

in the Chihuahuan Desert of southeastern New Mexico. Based on the

excavation of rockshelters in the Las Cruces area, coupled with other

survey and surface site excavation data, he modeled the process as a

very slow integration of agriculture into a foraging economy. In his

view, increased sedentism and increased population growth among

Archaic foragers necessitated the adoption of maize and squash as
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supplements to wild plant foods. The development of a more productive

hybrid maize cultivar fostered greater reliance on maize, which in

turn increased sedentisin and increased population, in what MacNeish

identified as a positive feedback loop. Curiously, despite the

posited existence of this relationship, substantial dependence on

agriculture apparently did not appear in this area until approximately

AD 1100. Although using new data, MacNeish's model differs little

from that presented by Haury in 1962.

R.G. Matson (1988, 1990) observed that the process of the

spread of agriculture from south to north across the Southwest also

potentially involved the need to shift cultivation strategies to

address problems of moisture availability, the seasonal timing of

precipitation, and the length of the growing season. The shorter

growing season on the Colorado Plateau, plus the existence of adequate

soil moisture derived from winter precipitation, may have dictated

earlier planting in the spring to obtain a crop before the first

frost. This may mean that a shift was necessary from predominantly

summer floodwater farming in the south to a strategy balancing some

floodwater farming with increased reliance on spring-summer dry

farming in the north. Such changes in agricultural technology may

have implications for the rate of agricultural spread across the

Southwest.
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The most recent views on the adoption of agriculture in the

Southwest have come from W.H. Wills (1985, 1988a, 1988b). Wills'

thesis was that agriculture was adopted due to its utility as a

strategy to increase resource predictability in spatial (field

localities) and temporal (harvest time as well as storage for delayed

consumption) terms. He further argued that by Late Archaic times

environmental uncertainty was increased by pressure on resources

resulting from population growth. To test this proposition, Wills

utilized data from the original Bat Cave work and the later University

of t4iohigan investigations there, as well as data from other classic

highland sites. His analyses served to emphasize that the cultural

and environmental conditions 8urrounding the decision to adopt

agriculture were varied and more complex than earlier models

suggested. Fundamentally, however, agriculture served to enhance the

survivability of a mobile, foraging population with access to both

upland and lowland areas by increasing resource predictability (Wills

1988a). For example, this strategy of cultivation may have permitted

the location of settlements containing residential structures and

storage features in areas which would enhance access to and monitoring

of the development of wild resources (Wills 1988b). The structural

nature of these architectural features suggested not sedentisiu but

mobility by groups practicing low intensity agriculture.

Wills (1988a, 1988b) has also published the most up-to-date

consideration of the chronometrics of early Southwestern cultigens.
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He concludes that agriculture was probably present by 3200 B?.

However, this view is not unanimous, and several workers (Irwin-

Williams 1985; Simmons 1986; Smiley and Parry (1990) have proposed

pushing this time back to between 3600 and 4000 BP. The issue is thus

far from settled, and it will take many more dates from all parts of

the Southwest before a consensus will be possible. The question of

the age of agriculture in the Southwest has many of the same

characteristics of the debate over how long humans have been in the

New World, and it may be expected that attempts to resolve it will

follow much the same course.

Summary

In summary, common elements of all models are that : (1)

agriculture was pre-adapted to and appeared first in me sic highland

environments; and (2) the adoption of agriculture had few or no

discernible immediate impacts on indigenous hunter-gatherers.

Postulated reasons for the adoption of agriculture are somewhat

variable. Enhanced spatial and temporal predictability of food

resources is commonly identified, albeit in the context of a low

percentage contribution to the diet by cultigeris. Some element of

determinism is frequently invoked as well; increased population and

its attendant restrictions on mobility and pressure on food resources

is commonly cited. Environmental deterioration caused by climate

change has also been posited.
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Fluctuations in the wild food supply caused by environmental

variation are identified as a stimulus to adoption by Wills and Ford,

although the nature, sources, and impacts of the variation are not

discussed in detail. Most of these models identify the development of

an imbalance between human numbers and the available wild food supply

as the cause for the adoption of agriculture. Further, several of

these specifically identify population growth as the source of the

imbalance. As discussed in Chapter 3, population growth is a

theoretically attractive explanation arid has been used by many workers

to explain both the origins and adoption of agriculture world-wide.

However, its attractiveness is offset by the difficulty posed in

demonstrating archaeologically that it actually occurred in a

particular region during a particular part of prehistory. Essentially

one must assume or accept its existence, and because of this it tends

to be something of a black box explanation. More recent theoretical

works have focused on the environmental side of the population-to-

resources imbalance, and have placed less explanatory weight on

population growth. The issue of the nature and significance of

population growth is a topic likely to be debated for years to come,

and its role in the adoption of agriculture in the Southwest will

likewise be open to both theoretical and empirical scrutiny. The

existence of fluctuations in the productivity of wild resources can be

approached empirically, as shown in Chapter 2, arid theoretically as

discussed in Chapter 3. In particular the theoretical positions

suggest that these fluctuations may be more important than population
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growth per se in arid arid semiarid environments, and that it is

recurrent population pressure caused by downturns in environmental

productivity that is the stimulus to adopt agriculture. Agriculture

in turn permits population growth by lessening the impact of

fluctuations in wild resource production, but with increasing reliance

on agriculture fluctuations in crop production may lead to further

instability in the food supply. The point to be made is that in arid

and semiarid environments a delicate and very dynamic balance may

exist between human numbers arid the food supply, and reducing this

balance to a one-sided view of human numbers alone is very likely to

oversimplify and misrepresent a complex relationship.

All of the modeling efforts, whether anthropological in

inspiration or archaeological reconstructions, are ultimately

critically linked to the "classic" Mogollon highland sites data base.

While the remainder of this study is largely devoted to examination of

the evidence of Late Archaic agriculture in more arid parts of this

region, it is important to bear in mind the ways in which these

highland. sites have colored perceptions for nearly 40 years. In

particular, fortuitous discovery, historical intellectual and

methodological context, arid assumptions about the isomorphism of an

archaeological data base with culture history and culture process,

have interacted to create a strong but probably very biased perception

about the adoption of agriculture in the Southwest. To alter this
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perception it is necessary to turn to the arid-semiarid river valleys

of southeastern Arizona.



CHAPTER 5

ARCHAEOLOGICAL INVESTIGATIONS AT MILAGRO

This chapter is designed to describe the Late Archaic cultural

context within which agriculture may first have appeared in

southeastern Arizona. Because so few Late Archaic surface sites in

this region have been excavated or described in detail, it is

important to present a detailed description of the architectural

features, cultural deposit, artifact assemblage, and archaeobotanical

assemblage from a site known as Milagro.

Introduction

The site of Milagro (AZ BB:1O:46) was discovered in February

1984 by Lisa Huckell, who was conducting a survey of an 8.2 m (35

foot) wide right-of-way for a City of Tucson water main construction

project. A very low density scatter of flaked stone artifacts lying

immediately south of Tanque Verde Road on the 49er Country Club

property indicated the presence of the site. The surface artifacts

included debitage, biface fragments, projectile point fragments and a

one hand mario, all suggesting that the site was of Archaic age.

Further, the artifacts were found to extend up to 70 in south of the
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right-of-way, indicating that the site covered approximately 3500 m2.

However, because the land surface in this area showed unmistakable

signs of having been cleared of vegetation at some time in the past

two decades, it was difficult to anticipate whether the surface

artifact scatter offered any hope of undisturbed subsurface deposits.

Subsurface testing within the right-of-way was recommended, and a

single 85 m long backhoe trench revealed a cultural deposit 55 m long

extending from the present ground surface to an average depth of 30 cm

below it. Moreover, the trench exposed discrete cultural features,

including a pit house and three large pits with bell-shaped cross-

sections. Five San Pedro projectile points came from the backdirt of

the trench and the surface of the site, demonstrating that it was a

substantial habitation locus representing the San Pedro Stage of the

Cochise Culture (Sayles and Antevs 1941), or the general Late Archaic

period (B. Huckell 1984a: 189-214). The site merited investigation

and the City of Tucson funded field work during the last two weeks of

May, 1984. This work revealed additional features and abundant

artifacts and fire-cracked rocks, along with carbonized plant remains,

including maize (B. Huckell and L. Huckell 1984). Milagro ("miracle"

in Spanish) was chosen as a name for the site, for the preservation

and abundance of features and carbonized plant remains in a near-

surface context provided an unprecedented look at a Late Archaic

habitation site.
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The 1984 work made it clear that the site continued to the

south of the waterline right-of-way for at least 45 in to the edge of a

terrace overlooking the late Pleistocene and Holocene floodplain (now

a golf course) of Tanque Verde Creek. The demonstrated potential of

the site suggested the value of a program of continuing research at

the site to investigate the adoption of agriculture in southeastern

Arizona. The landowner, Mr. Spiro Papanikolas, graciously provided

permission, and in March, 1987, the second phase of research began

with an electrical resistivity survey of a 30 in by 30 in block

contiguous to and immediately south of the waterline right-of-way.

James Holmiund and Gordon Wieduwilt provided technical knowledge and

skill as well as the resources of their companies to put this work on

a sound footing. The purpose of' the work was to determine whether

geophysical techniques of subsurface imaging could detect domestic

structures, bell-shaped pits, or other buried cultural features to

prioritize areas of the site for excavation. Results of the survey

indicated the presence of both high and low resistivity anomalies in

restricted areas, and two small areas containing both types of

anomalies were tested by hand excavation between January and

September, 1988. This work was accomplished by undergraduate students

from the Department of Anthropology of the University of Arizona as

part of an archaeological field methods course, and by a small group

of volunteer avocational archaeologists.
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The '1984 and 1988 field seasons provide the data presented in

the following pages. All together, the excavated areas comprise

approximately 68 square meters, or roughly 0.6 percent of the total

estimated site area of 12,150 square meters. While not constituting a

random sample of the site--although the 1984 area of excavation can be

viewed as a transect whose location was dictated by nonarchaeological

decisions, thus having a randomizing effect--it is suggested that what

has been excavated thus far can be viewed as at least a good start in

defining the range of feature types and deposits which occur at the

site.

Environmental Context

Milagro is located in the NWI/4 of the NEI/4 of Section 6,

TI4S, RI6E, Pima County, Arizona. It lies at an elevation of

approximately 799 m (2620 feet) ASL on the tread of a low terrace

bordering the recent floodplain of Tanque Verde Creek on the north

(Fig. 5.1). Today the channel of the creek lies approximately 0.6 km

south of the site. Tanque Verde Creek is today an intermittently

flowing stream in the vicinity of the site. Surface flow is in direct

response to seasonal precipitation, and may include periods of

sustained low volume flow from winter storms or spring snow melt in

its headwaters, the Rincon Mountains, as well as higher volume,

shorter duration flows from summer thunderstorms. The creek exhibits

a broad, flat, sandy bed between low, gently sloping sand banks with
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abundant riparian vegetation. At least in the vicinity of 49er

Country Club, this reach of creek has not trenched its channel, and

today is one of rare examples of a stream whose modern channel

configuration probably differs little from its appearance more than

100 years ago. Lying very near the northeastern edge of the Tucson

Basin, this area is one of the principle zones of infiltration and

ground water recharge, and to this day a high water table is found

along the floodplain of the creek.

The site is located on a low terrace which rises approximately

3 m above the floodplain, but gradually diminishes in height to the

east until it loses its identity 0.7 km to the east. Pashley (1966,

P1. 1; 140) identifies this as the Jaynes Terrace, the next youngest

of four geomorphic surfaces in the Tucson Basin identified by Smith

(1938). The Jaynes Terrace is of late Pleistocene age; its structure

is described below. To the north of the Jaynes Terrace is the

piedmont or alluvial slope created at the foot of the Santa Catalina

Mountains. A series of southwesterly-flowing minor washes drain this

dissected surface and the extreme eastern end of the Catalinas. The

mountain front rises abruptly 4 km northeast of Milagro, exposing

principally grieissic bedrock. The piedmont deposits consist of both

Tertiary and Quaternary alluvial deposits. One outcrop of the

Tertiary Rillito Beds (Pashley 1966: 61, P1. 1) occurs just a few

hundred meters west of Milagro, and another is found 0.6 km to the

east; both are tilted and faulted bedded conglomerate, sandstone, and
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mudstone, strongly red in color, and containing primarily rhyolite

pebbles and cobbles. The overlying Quaternary deposits are much less

indurated, and consist primarily of gnelss and quartz and other

gneissic breakdown products.

The backhoe trenches at Milagro revealed that the upper part

of the Jaynes Terrace in this area consists of foreset beds of sand,

clay, and some gravel, which is depicted in Figure 5.2 as unit Al.

Individual beds are discrete, varying from 2-10 cm in thickness, and

dipping at angles of 30 to 85 degrees to the west. The whole unit is

strongly calcareous. It appears that these beds are erosionally

truncated, being overlairi by up to 50 cm of poorly sorted claysy sand

(unit A2) which may represent sediments eroded and redeposited from

the Al bedded deposits. A 2-5 cm thick gradational contact separates

the two subunits. Atop A2 rests the cultural deposit (unit B), a

sandy clay of grayish brown color with abundant artifacts, dispersed

fire-cracked rocks, and charcoal flecks. This deposit averages

approximately 30 cm in thickness but may reach depths of up to 1.2 m

below present ground surface when it fills pit features intruding

units Al and A2. Its contact with A2 may be sharp within pit

features, but is gradational over 1.3 cm in nonfeature contexts.

A well-developed soil is present on the terrace, and is most

apparent at the base of the cultural deposit where a strong clay B

horizon is developed. The clay percentage is relatively high, and a
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strong medium blocky structure is present; the dry color is reddish

brown (2.5 YR 5/4). Carbonate nodules and stringers are present in

the lower part of the unit, becoming increasingly abundant with depth

into unit Al. The cultural deposit probably disturbed the A horizon

and part of the upper B horizon; the cultural deposit itself shows no

apparent structure. It was further disturbed during the grading of

the terrace in the early 1960s.

Vegetation

There are at least three identifiable plant communities in the

general vicinity of Milagro today, four if the golf course is

included. The first occurs on the piedmont to the north, east and west

of the site, and may be described as essentially a palo verde-saguaro

association. It is dominated by foothill palo verde (Cercidium

microphyllum), saguaro (Carnegeia gigantea), white thorn (Acacia

constricts), creosote bush (Larrea tridentata), cholla (Cylindropuntia

app.), prickly pear (Platyopuntia app.), barrel cactus (Ferocactus

sp.), and burro weed (Isocoma tenuisecta). This community is a

typical manifestation of the Arizona Upland Subdivision of the Sonoran

Desertscrub (Brown and Lowe 1982: 200-203).

The second plant community occurs (or occurred) on the Jaynes

Terrace and younger geomorphic surfaces, including the site itself and

areas to the southwest of it. Inventory of a remnant of this
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community immediately north of Milagro on the north side of Tanque

Verde Road indicates that it is dominated by mesquite trees (Prosopis

juliflora var. velutina), with scattered creosote bush, white thorn,

desert hackberry (Celtis pallida), fourwing saltbush (Atriplex

canescens), desert broom (Baceharis sarothroides), prickly pear,

cholla and grasses. The recent clearing of the site area has reduced

the onsite vegetation to dense burro weed with grasses, spring and

summer annuals, and rare mesquite saplings.

The third plant community is found along Tarique Verde Creek

south of- Milagro, and may be termed a Sonoran Riparian Deciduous

Forest after use of the term by Minckley and Brown (1982: 269-273). A

relatively dense ripariarl association consisting of large cottonwood

(Populus fremontii), willow, (Salix goodingi), netleaf haokberry

(Celtis reticulate), and mesquite trees lines the channel. An

understory community of young trees and shrubs including elderberry

(Sainbucus mexicana) and seep willow (Baccharis glutinosa) makes this

community impenetrable in some areas. On recently deposited flood

bars and overbarik deposits dense stands of amaranth (Amararithus

palmeri) and lamb's quarters (Chenopodiuin spp.) are found in the

summer months.

Away from the present channel on the historic or recent

floodplain below the Jaynes Terrace a dense mesquite bosque or forest

occur. Parts of this bosque were cleared during the late 19th or
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early 20th centuries to farm the floodplain; concrete-lined irrigation

ditches are still to be found southwest of the site. Most of the

remainder of the bosque was cleared to make way for the 49er Country

Club golf course arid housing development in the early 1960s, and today

the floodplain supports an extensive community of bermuda grass

(Cynodon dactylon) with scattered eucalypts and Scotch pines.

Methods of Investigation

Figure 5.3 presents a map of Milagro showing where the 1984

and 1988 excavations took place. The methods of investigation were

simple and straightforward, but differed slightly between the 1984 and

1988 seasons. In 1984 the short time available for investigation and

the narrow water line right-of-way dictated the use of two backhoe

trenches for feature discovery and the prioritization of exposed

features for excavation. In 1988 a large area was chosen for

excavation based on the results of a remote sensing survey, and

investigation was predicated on surface stripping of the cultural

deposit to reveal features in plan view. The 1984 work thus proceeded

from vertical faces (trench walls) into features of known dimensions,

while the 1988 work involved the definition of features by the

exposure of horizontal surfaces. Further, the 1984 investigations

were undertaken without a comprehensive grid system.

Despite these differences, most investigative methods were
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held constant. The cultural deposit (unit B) was excavated using a

framework of cultural strata and arbitrary levels. The strata

included undifferentiated cultural deposit (Stratum 1), the fill of

spatially discrete features (Stratum 10), and the fill of spatially

discrete features within features (Stratum 50). Within each stratum

excavation proceeded in arbitrary 10 cm levels. Excavation of Stratum

I was conducted within these grids using railroad picks and shovels;

all excavated earth was screened through 1/4 inch mesh hardware cloth.

Stratum 1 terminated when unit A2 was reached, or until a feature such

as a structure or pit was encountered. Feature fills (Stratum 10 and

Stratum 50) were removed in 10 cm levels and all excavated earth was

screened. Flotation and pollen samples were taken from each level of

features. Each feature was recorded and mapped in plan and profile

views, and final maps were made of the 1984 and 1988 areas of

excavation.

Description of Features

The 1984 work at Milagro resulted in the investigation of 12

features; in 1988 six more were excavated. Table 5.1 lists the

features by number and type, and their locations are shown in Figure

5.3. Descriptions of these by general type is presented in the

following paragraphs.



Table 5.1

Excavated Features at Milagro

* - unfinished aboriginally
- not completely excavated
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1 Bell-Shaped Pit Trench I
2 Bell-Shaped Pit Trench 1
3 Bell-Shaped Pit Trench 1
4 Domestic Structure Trench 1
7 Rock-Filled Pit Trench 1
8 Bell-Shaped Pit Trench 2

10 Bell-Shaped Pit Trench 2
12 Bell-Shaped Pit Trench 2
13 Large Shallow Pit Trench 2
15 Domestic Structure South of Tr. 2
17 Small Shallow Pit South of Tr. 2
18 Bell-Shaped Pit1 Between Trs. I & 2
19 Large Shallow Pit South of Tr. 2
21 Rock-Filled Pit Grid N26E12
22 Small Shallow Pit Grid N23E13
23 Domestic Structure Grid N25-28E13-l5
24 Small Shallow Pit** Grid N23E15
25 Rock-Filled Pit Grid N26E1 1-12
26 Small Shallow Pit** Grid N25E15



Domestic Structures

Two domestic structures were found during the 1984

excavations, and one more came to light during the 1988 work.

Although differing slightly in size and shape, all three share the

same architectural plan. The general attributes of the three

structures are presented in Table 5.2. A fourth possible structure

was explored in 1984 but proved to be very difficult to define; it is

not described here.

Feature 4

The first structure excavated at Milagro, Feature 4 represents

approximately half of a small, shallow, oval structure (Fig. 5.4). It

measures approximately 2.25 in in east-west length, and although its

north-south width can never be known with certainty, the fact that no

trace of the structure was present in the north wall of Trench 1 means

that it could not have exceeded approximately 1.75 in in this

dimension. A very large bell-shaped pit was positioned at the western

edge of the floor.

This structure was easily recognized in cross-section (see

Figure 5.2), but was difficult to excavate; in retrospect it seems

possible that the "walls" do not accurately delimit the structure's

floor. As excavated, the pit walls were nearly vertical in
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the eastern portion of the structure, and more gently sloping towards

the west end. This made for a rather irregular outline for the floor

area, creating almost a waisted or dumb-bell shaped appearance in plan

view. The large, intramural bell-shaped pit appeared to have been

excavated right at the rear wall of the structure, with no floor space

between the pit and the edge of the structure. Of interest is the

possible indication of an entrance at the east end of the structure,

where the pit wall swings sharply eastward from a gentle northeasterly

arc. In general, however, this structure is somewhat more difficult

to accurately portray than either of the two complete structures.

The feature was filled with unit B sediments and contained a

relatively small number of artifacts. The floor consisted of unit A2

sandy clay, but the interior bell-shaped pit was excavated through

unit A2 and bottomed out 10 cm into highly calcareous unit Al

sediments. Although no culturally or temporally diagnostic artifacts

were recovered from the structure, two radiocarbon assays on wood

charcoal and a maize oupule suggested that the structure was of Late

Archaic age, about 2800 years old. The wood charcoal date was 2800 +

100 B? (A-4062), while the maize was dated to 2780 +90 B? (AA-1074)

on the tandem accelerating mass spectrometer at the University of

Arizona.



Feature 15

The discovery of this feature was fortuitousexcavation in

this part of Trench 2 was initiated to investigate a possible house

that turned out to be a narrow ripper mark from a bulldozer. However,

directly south of this mechanically created feature was Feature 15,

recognized initially by a dark circle of organic debris filling the

large bell-shaped pit inside the structure.

Excavation revealed a shallow, oval depression measuring

approximately 3.0 m long by 2.3 m wide (Figure 5.5) filled with unit B

sediments and excavated well into the unit A2 sandy clay. Near its

western end was an intramural bell-shaped pit (Feature 15b), and just

east of center was a circular, straight-sided pit, probably a hearth.

At the east edge of the structure was a shallow, subcircular,

straight-sided pit (Feature 17); it may post-date the occupation of

Feature 15, for it interrupts the oval outline of the structure, or it

may be an entry. The floor pre5ented a shallow, basin- like

appearance, without any steeply sloping pit walls. Two shallow and

fairly short gouges in the floor represented ripper scars left by the

bulldozer clearing of the site in the early 1960s, and the extreme

southern edge of the structure seemed to have been clipped by a

bulldozer blade. For all this, however, Feature 15 was in an

excellent state of preservation, considering that the floor lay only
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35 cm below the modern ground surface.

Of its cultural affiliation there can be no doubt--the fill of

the intramural bell-shaped pit yielded four San Pedro point basal

fragments (see Sayles and Antevs 1941, P1. 16 c-d), placing it

securely in the Late Archaic period. Although a maize cupule fragment

from this pit was submitted for accelerator dating, it proved to be

too small.

Feature 23

A second complete structure was excavated in Area A in 1988

approximately 12 m southwest of Feature 15 (Fig. 5.3). Unlike

Features 4 and 15, this structure was oriented with its long axis

aligned NNE-SSW, but like Feature 15, it was a shallow, oval basin in

form (Fig. 5.6). Its extreme north end fell just outside the area of

excavation, but otherwise the structure was completely excavated. It

measured approximately 2.95 m long by 2.10 m wide, and at its deepest

lay approximately 0.10 m into the reddish brown clay B horizon

developed on unit A2. Near its northern end was an irregularly oval

pit with a slightly bell-shaped cross-section (Feature 23b), but the

pit is considerably smaller than those in either Feature 4 or Feature

15. Just slightly south of center was a circular, shallow, basin-

shaped pit (Feature 27) that was probably the hearth. The southern

end of the structure had seen considerable disturbance, including an
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east-west oriented bulldozer ripper mark and a large rodent burrow.

The latter destroyed the southern edges of the structure, as well as

some floor area.

The structure was filled with a complex mixture of unit B

sediments and lens-like deposits of what appeared to be unit A2

sediments. It was initially difficult to distinguish these lenses of

A2 sediments from sterile until it was recognized that in-situ A2

sediments possessed a fine, strong prismatic structure and were much

harder. It seems probable that the lenses of A2 represented spoil

dirt from the excavation of nearby pit features which was dumped

(along with trash and organic sediments) into the depression created

by the abandoned structure.

A San Pedro point basal fragment was recovered from the

rodent-disturbed area at the southern edge of the structure; its

association with the structure is therefore questionable.

Discussion

All three structures can be generally described as oval to

ovoid floor areas created by generally shallow, basin-like excavations

extending at least 10 cm into the clay B horizon or unit A sediments

which underlie the cultural deposit. The floors consisted of the

carefully sloped and leveled but unplastered bottoms of the
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excavations. All three structures also exhibit intramural pits

positioned towards one end of the floor (presumably the end opposite

the entry); two of these are large with bell-shaped cross- sections,

while the third is shallower, and only slightly undercut. Nearer the

center of the floor in both complete structures are circular, basin-

like pits which probably represent hearths. No entries can be

positively defined, although they may be represented by shallow oval

pits breaking the wall opposite the large bell-shaped pits. No

postholes were identified in any of the three structures, nor was

there any evidence that the structures had burned. Because of this it

is difficult to reconstruct the above-ground superstructure and

appearance of these structures. However, they may not have differed

greatly from historic Apache wickiups (see Opler 1941: 22- 23) or

Paiute grass houses (Wheat 1967: 109-111)), basically consisting of a

framework of saplings or narrow diameter branches set vertically in

the ground in an oval plan and bent inward to form a dome. To these

may have been tied two or more similar elements running horizontally

around the interior of the bent poles. The whole superstructure may

have been thatched with grass and perhaps clay plastered, leaving

openings for an entry and possibly a smoke hole.

The two complete structures display relatively small floor

areas of approximately 5 square meters, including the floor space

where the interior pits occur. It is inferred that the opening of the

large, bell-shaped pit in each house was covered in some fashion with
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materials of sufficient strength to allow the area to serve as useable

floor space. The hearth nearer the center of the floor was probably

open, and thus created a specific activity area within the floor

space. Nonetheless, the small size of the floor areas of these

structures certainly suggests that they were used primarily for

shelter and perhaps simple food cooking; most activities requiring

space and light were probably undertaken outside.

The three structures at Milagro clearly conform to the

architectural pattern defined by Sayles (1945: 1-4) as typical of the

San Pedro stage of the Cochise Culture. Sayles reported two

structures, one from Pearce 8:4 in the Sulphur Spring Valley 5.5 miles

(8.85 km) southwest of MoNeal, and one from the Charleston Site

(Benson 8:3, Gus Pueblo) in the San Pedro Valley at Charleston. The

former was an open site (Sayles 1945: Fig. 2), while the latter was

exposed in profile at a deeply buried site (Sayles 1945, P1. Ia; 1983,

Fig. 10.1 left). Maximum dimensions of the structure at Pearce 8:4

are approximately 3.10 m long by 2.35 m wide, while the structure at

Benson 8:3 was estimated to have been 4 m long and 2.5 m wide. The

measurements for the latter structure are in conflict with the

published cross-section drawing (Sayles 1983: Fig. 10.1 left), which

suggests that the structure was only 2.5 m long. Large intramural

pits and hearths occurred in both, and the Pearce 8:4 structure also

contained three possible post holes and a lateral entry. Hints of

other structures were reported from the Fairbank Site (Benson 5:10,
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Gila Pueblo), and Pearce 8:9. In summary, the excavated structures at

Milagro appear to be examples of a rather standardized architectural

form that was widespread in southeastern Arizona.

Extramural Bell-Shaped Pits

Seven bell-shaped pits were excavated outside of structures

during the 1984 investigations; all but one were exposed in cross-

section by the two backhoe trenches. The locations of these pits are

shown in Figure 5.3, while four examples are illustrated in Figure

5.7. These pits are typified by circular or oval openings of smaller

diameter than their flat or slightly concave, circular floors; the

sloping side walls create the impression of bell- or "jug"shaped

cross-sections. Table 5.3 shows the variability in size and capacity

of the bell-shaped pits, and some idea of the range in form can be

gained from Figure 5.7. All of these pits were excavated into unit A

sediments, the deeper ones extending well into the calcified unit Al.

Note too that one, Feature 18, was left unfinished by the aboriginal

occupants of the site.

The range in size arid capacity of these features is

noteworthy. Figure 5.8 portrays this variability graphically in terms

of maximum diameter to depth. Two, Features 8 and 10, are relatively

small pits, arid are quite shallow in relation to their basal

diameters. Features I and 2, although much greater in absolute depth
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Table 5.3

Attributes of Extramural Bell-Shaped Pits at Milagro

Feature No. Diameter at Depth (in) Width at Top Capacity (m31
Base (in)
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1 1.36 0.56 0.72 0.387

2 1.30 0.65 0.90 0.455

3 1.35 0.93 0.80 0.617

8 0.95 0.45 0.70 0.172

10 0.95 0.42 0.72 0.146

12 1.40 0.93 0.80 0.628

1 8E 1.00 0.55 0.85
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arid maximum diameter, maintain relationships between these dimensions

similar to those of Features B and 10, as Figure 5.8 indicates. The

same pattern holds for the two intramural bell- shaped pits from two

of the three structures (Features 4b and 15b). All six pits show

maximum diameters slightly greater than twice their depth. Still,

Features 1, 2, 4b, and 15b form a distinct cluster, as do Features 8

arid 10. With such a small sample, it is difficult to ascertain

whether these two clusters represent types of pits intended to serve

different functions, or whether the two apparent clusters are simply

the product of sampling error within a single population.

Two other bell-shaped pits, Features 3 and 12, also form a

discrete grouping (Fig. 5.8). Both display basal diameters nearly

identical to those in the Features 1, 2, 4b, and 15b group but have

much greater depths. Their diameters are approximately 1.5 times

their depths, and their volumes (Table 5.3) are accordingly much

greater. Again, whether these size differences are suggestive of

functional differences is impossible to determine from such a small

sample.

One final bell-shaped pit, Feature 18, is of interest because

it was never completely finished by its builders, and thus provides

some understanding of the approach used in construction. A circular

pit opening 0.85 m in diameter by approximately 0.18 m in depth was

excavated, followed by the removal of a portion of the pit
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approximately 40 cm deeper. The deeper portion was clearly undercut

from nearly 12 cm to over 20 cm to create the characteristic bell-

shaped cross-section; approximately half of the pit had been excavated

when the task was abandoned. From this example it may be inferred

that the construction of a bell-shaped pit was probably started by the

excavation of a shallow cylindrical pit, part of which was then

extended deeper at a slight angle to the vertical to create a bell-

shaped section. Once this deeper excavation was underway, excavation

would consist of expanding the bell-shaped part until a broad area was

exposed and the remainder could be worked from a vertical face. A

digging stick would presumably suffice for this task, perhaps in

conjunction with the application of water to soften the sediments for

easier digging.

These bell-shaped pits have been found in a number of other

prehistoric sites and are known ethnographically known. In

southeastern Arizona they were encountered at such Late Archaic sites

as the Fairbank Site (Sayles 1941: 22-23, Fig. 9), AZ EE:2:30 in Matty

Canyon (Eddy 1958: 31-36), and at AZ FF:1O:2 at Double Adobe

(Windmiller 1973: 159). This sample includes six from Fairbank, eight

from AZ EE:2:30, and one from AZ FF:1O:2. All fall within the range

of sizes and shapes described above. During the ceramic period,

similar pits are reported from the Sulphur Spring Valley by Trischka

(1933) and Fulton and Tuthill (1940: 20-25). Similar pits are also

known from Late Archaic deposits in Bat Cave (Wills 1988a: 105, Figs.
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21, 22, and 25), Late Archaic open sites in northwestern New Mexico

(Simmons 1982: 77), and from Basketmaker II sites in the northern

Southwest (Guernsey and Kidder 1921: Fl. 9b; Leonard and others 1983:

123-154). They are also reported from Early arid Middle Formative

(1500 BC-500 BC) sites in central and southern Mexico (Winter 1976:

27-29). They have also been found among recent indigenous societies

in North America, including Missouri River agriculturalists such as

the Mandan, Omaha, Pawnee, Ankara, and Hidatsa (Will and Hyde 1964:

133-141; Wilson 1987: 87-97), and from the Western Apache (Buskirk

1986: 73-75).

Storage and cooking are the two most commonly documented or

inferred functions for these bell-shaped pits. Storage is perhaps

most easily supported, for this was the purpose they served among the

historic Missouri River and Western Apache people (Wilson 1987;

Buskirk 1986). Cooking or food processing is also undertaken in bell-

shaped pits; both the Zuni (Cushing 1920: 204-208) arid the Hopi (Hough

1918: Fig. 3; Beaglehole 1957: 44; Kavena 1980: 22) roast ears of

green or sweet corn in large bell-shaped pits. However, these are in

or near the fields instead of being within the village.

The Milagro extramural bell-shaped pits are tentatively

inferred to be storage features, based primarily on the fact that they

do not appear to be burned. In addition, dense accumulations of wood

charcoal or fire-cracked rocks are not found within these pits or near



them, as might be expected if they saw frequent use for food

preparation. Further, the presence of bell-shaped pits inside the

excavated structures argues strongly for a storage rather than a

cooking function.

Shallow Pits

This group of features consists of shallow, basin-shaped pits

containing few rocks or none at all. Table 5.4 presents the basic

dimensional characteristics of the six examples in this category.

Three were excavated in 1984 and three in 1988. Unfortunately, five

of the features were not completely excavated, either by virtue of

being at the edge of an excavation area or because they were partially

removed by a backhoe trench. Nevertheless, it appears that a large

range in size is present within this grouping, arid from the available

data it appears that two subgroups exist. One consists of small pits

whose maximum dimensions are less than 0.60 m, and the other includes

large pits with maximum dimensions in excess of 0.70 m. Again, the

caveat concerning sampling error must be borne in mind while dealing

with these features and possible subgroupings of them.

The smaller pits include Features 22, 24, and 26, all located

south of the Feature 23 domestic structure (Fig. 5.3). As Table 5.4

indicates, these pits are approximately one half meter or less in

diameter, and around 10 cm in depth. In terms of contents, these pits

197
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* - incomplete measurement

Table 5.4

Attributes of Shallow Pits at Milagro

Feature Plan Cross- Length Width Depth
Shaoe 5ection (nil (nil .Lm.l

13 subcircular irregular 1.10* 0.38* 0.32
hemi-
spherical

17 subcircular irregular 0.72 0.70 0.17
hemi-
spherical

19 subsquare irregular 1.05 0.96 0.32
hemi-
spherical

22 subcircular hemi-
spherical

0.56 0.48 0.09

24 oval? hemi-
spherical?

0.50* 0.47 0.12

26 oval? irregular 0.35* 0.36 0.10
hemi-
spherical
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produced relatively few artifacts or pieces of fire-cracked rocks, but

did contain ashy fills with relatively abundant charcoal flecks.

Although they did not exhibit obviously burned walls, it is possible

that these three features served as hearths. They are quite similar

in size and configuration to features inferred to be hearths inside

the Feature 15 and Feature 23 domestic structures (see Table 5.2). In

terms of function, they may have served for the broiling of meat,

baking of other foods, processing of materials being used in

manufacturing or maintenance activities, or just for light and warmth.

Their small size and shallowness makes storage or other nonthermal

functions somewhat unlikely.

The larger pits, including Features 13, 17, and 19, are more

difficult to assess. Unfortunately, Features 13 and 19 were poorly

defined and troublesome to excavate; neither feature produced much

material, and the excavators believed Feature 13 was badly rodent-

disturbed. Feature 17 did yield a large number of pieces of flaked

stone debitage and broken implements, and was well-defined where it

had intruded the Feature 15 domestic structure. Again, all lacked

evidence of fire-reddening, but this may or may not be significant.

It is possible that they are simply larger versions of the small pits,

designed to serve the same general kinds of functions but to

accommodate larger quantities of foodstuffs, materials, or serve

larger numbers of people. It is also possible that they may have

served other functions.



Rock-Filled Pits

As the name implies, these three features were separated by

virtue of the fact that they contained abundant fire-cracked rock. Two

(Features 21 and 25) were located to the west of the Feature 23

domestic structure in Area A, and the third (Feature 7) was sectioned

by Trench I in 1984. Table 5.5 presents the attributes of these pit

features.

All three pits appear to be rather similar in that they are

oval or subcircular in plan, and shallow with hemispherical to

subhernispherical cross-sections. The two completely investigated

examples, Features 21 and 25, were located immediately adjacent to one

another (Fig. 5.3), although separated in elevation by 13 cm. Both

contained several pieces of fire-cracked rock, including individual

pieces exceeding 10 cm in maximum dimension. In addition, the area

within 1.0 in and to the northeast of Feature 21 contained one minor

concentration and several isolated pieces of fire-cracked rock at the

same elevation as the top of the pit.

Such fire-cracked rook-filled shallow pits are common at Late

Archaic sites in southeastern Arizona. Sayles (Sayles 1941: 23, Fig.

9) first reported them from the San Pedro stage type site at Fairbank,

and in the last 45 years they have been identified at AZ EE:2:30 in

Matty Canyon (Eddy 1988: 37-38), at Double Adobe (Windiniller 1973:

200



Table 5.5

Attributes of Rock-Filled Pits at Milagro

201

- incomplete measurement
** - estimated number

Feature Plan
shape

Cross- Length
section j.J.

Width Depth No. of
Rocks

7 oval? hemi- 0.80
spherical?

0.50* 0.14 19*

21 oval subhemi- 0.56
spherical

0.45 0.11 20**

25 oval henii- 0.94
spherical

0.60 0.10 31
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153-157), and at AZ EE:2:103 in the Santa Rita Mountains (B. Huckell

1984a: 86), to cite but a few examples. The specific functions of

these pits are uncertain; however, their small size and shallowness

indicate that they are probably not roasting pits. One plausible

function that they may have served would be as heartha to heat rocks

for stone boiling of foodB being cooked in liquids contained in

baskets or hides. Windmiller (1973: 157) discussed this possibility,

and "stone boiling" was observed historically among North American

societies lacking pottery such as the Chumash (see Hudson and

Blackburn 1983: 175-177). In the absence of ceramic vessels, cooking

liquids in flammable containers could only be achieved by applying

heat to the liquid inside rather than to the container itself. The

abundance of scattered fire shattered rocks in areas away from

roasting pits may also be evidence for the use of this cooking

technique at preceramic sites.

The Cultural Deposit

In addition to the features, it is important to describe the

cultural deposit and its constituents, for it provides another

perspective from which to understand the occupation of the site. As

stated previously, the unit B sediments, which constitute the cultural

deposit, average approximately 30 cm in thickness but may exceed 1.0 m

in thickness when filling features. Within it are artifacts and fire-

cracked rocks in densities much in excess of those commonly



encountered at preceramic sites. Table 5.6 presents the numbers of

artifacts and fire-cracked rocks recovered from feature contexts,

while Table 5.7 lists the same information for artifacts collected

from individual 1 m grids excavated in 1988.

Table 5.6 shows that a great range of variation exists in the

numbers of artifacts and fire-cracked rocks for a given class of

features. For example, among the bell-shaped pits artifacts range

from a low of 15 in Feature 10 to a high of 252 in Feature 2; fire-

cracked rocks vary between 6 in Feature 10 to a high of 177 in Feature

15b. These numbers must be viewed with some caution, for most bell-

shaped pits were truncated by backhoe trenches; only Features 15b and

23b were intact and dug completely. Among the structures (Features 4,

15, and 23) artifact totals again show some variation, although not as

much as among the bell-shaped pits (Table 5.6). Unfortunately, fire-

cracked rock counts were not kept for these features. As might be

expected, the large and small shallow pits consistently produced small

numbers of artifacts, ranging between 4 and 10 specimens. Rock-filled

pits similarly yielded few artifacts, with the exception of Feature

25. The higher total here is the product of the shallow, depressed

area surrounding the actual rock filled pit itself.

From these values several conclusions may be drawn. The

variability in artifact quantities observed in the higher volume

features such as bell-shaped pits is probably a direct function of

203



Table 5.6

Quantities of Artifacts and Fire-Cracked Rocks from Features

204

Feature Type No. 10 cm Stone Fire-Cracked
Levels Artifacts Rocks

1 Bell-shaped
pit

6 91 40

2 Bell-shaped
pit

7 252 51

3 Bell-shaped
pit

9 75 15

4 Structure 1 70 NR

4b Intramural 5 174 NR

Bell-shaped
pit

7 Rock -1'illed
pit

1 19

8 Bell-shaped
pit

4 64 39

10 Bell-shaped
pit

4 15 6

12 Bell-shaped
pit

10 35 17

13 Large shallow
pit

1 4



205

Table 5.6 (contd)

15 Structure 1 137 NR

15b Intramural 5 198 177
bell-shaped
pit

18 Bell-shaped 6 22
pit*

19 Large shallow 3 10

pit

21 Rock-filled 10 >15
pit

22 Small shallow 10 12
pit

23 Structure 1 217 >29

23b Intramural 3 112 29
bell-shaped
pit

24 Small shallow 1 9 6
pit

25 Rock-filled 1 29 31
pit

26 Small shallow 1 7
pit

* - Unfinished; NR - not recorded
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Distribution of Artifacts in Area A Grid Squares
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Grid Level 1 Level 2 Level 3 Level 4 Total

N23E11 42 8 50

N23E12 33 11 44

N24EII 26 19 45

N24E12 28 16 44

N25E11 27 26 53

N25E12 11 38 5 54

N26E11 11 35 46

N26E12 36 57 93

N27E11 16 29 45

N27E12 19 39 58

N23E13 28 22 50

N24E13 58 4 62

N25E13 37 38 21 96

N26E13 37 46 83

N27E13 45 32 77

N23E14 45 36 15 11 107

N23E15 37 52 10 27 126

N24E14 27 56 17 14 114

N24E15 26 58 11 14 109

N25E14 47 41 88

N25E15 33 36 22 91

N26E14 43 30 73

N26E15 50 21 71

N27E14 38 22 60

N27E15 34 15 49
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their relative chronological position in the occupation of the site

arid their post-use depositional history. Thus, features used and

abandoned early in the occupation of the site, and in close proximity

to areas of subsequent activity, may be expected to contain greater

quantities of artifacts and fire-cracked rooks. In short, abandoned

features of large areal extent such as house pits or large volume such

as bell-shaped pits make convenient loci for the intentional

deposition of refuse. Needs may also dictate the intentional filling

of bell-shaped pits. The numbers of artifacts and fire-cracked rocks

in Features 2, 4b, 15, 15b, 23 and 23b may imply that they represent

features dating to the earlier part of the site's occupation, arid

perhaps received rapid filling with trash. By way of contrast,

Features 3, 10, and 12 exhibit low quantities of artifacts arid fire-

cracked rocks, suggesting that they may pertain to the later part of

the occupation and were filled largely by noncultural sediments.

The feature fills are only a portion of the cultural deposit

which can be separated by virtue of their occurrences in physically

discrete spaces; it is therefore important to examine the constituents

of the undifferentiated cultural deposit. The 5 in by 5 in area

excavated in 19B8 south of Trench 2 provides the only analyzed sample

of the cultural deposit as revealed by stripping, and Table 5.7

presents the distribution of artifacts by 10 cm levels within 1 in grid

squares. Here, too, variation is quite evident, and a range of

between 4 and 58 artifacts per 10 cm level of a grid occurs. However,
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if the total number of artifacts per square meter of deposit

regardless of number of levels is examined, one may be struck by their

density. A mean value of 71.5 artifacts per square meter of

undifferentiated deposit, with a standard deviation of 24.8 artifacts,

may be calculated. Few data on Archaic site artifact density are

available for comparative purposes. However, figures calculated for

10 Early, Middle and Late Archaic sites in the Rosemont area of the

Santa Rita Mountains vary from less than 1 to just over 20 artifacts

per square meter of subsurface deposit (B. Huckell 1984a: Table 4.1).

Whalen (1975: Table 3) p resents surface artifact densities for 12

Middle and Late Archaic sites on the eastern pediment and piedmont

slopes of the Whetstone Mountains; his values range from less than I

to over 40 artifacts per square meter. How surface artifact density

may compare to subsurface artifact density at these sites is unclear,

for none received excavation. Finally, calculations of artifact

density from a small sample of the buried cultural deposit at the Late

Archaic site of AZ EE:2:30 in the Cienega Valley ranged between 86 and

413 artifacts per square meter of deposit (B. Huckell 1988). The

point to be made is that the small part of Milagro investigated thus

far does display a comparatively high artifact density.

An attempt was made to record the numbers of fire-cracked

rooks in the cultural deposit as well, but unfortunately record

keeping was not consistent. One group of four contiguous I ru grid

squares with complete records showed a range of from 1 to 18 pieces of
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fire- cracked rock per level. For the four grids, each containing

four 10 cm levels, totals of fire-cracked rocks were 15, 20, 23, and

42.

The cultural deposit at Milagro is thus a complex and rather

high density mixture of artifacts and fire-cracked rocks in a sandy

clay with visible organic enrichment. Its character implies that the

site saw either a prolonged, perhaps intermittent occupation or an

intense occupation of short duration. When compared to earlier

Archaic sites, the artifact density alone is considerably higher.

When coupled with the presence of domestic structures and storage

features, the evidence from the cultural deposit supports an inference

that the population inhabiting Milagro utilized the site for a longer

period of time or spent a longer part of the year there than may have

been the case for many sites of Early or Middle Archaic age.

The Artifact Assemblage

The investigations at Milagro produced a small but diverse

assemblage of flaked and ground stone, shell, and ceramic artifacts.

In the following sections, these classes of artifacts are briefly

described. Not all of the excavated or surface collected material is

presented here, because much remains to be analyzed. The analyzed

assemblage consists of artifacts recovered from the 14 features
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investigated in 1984 and the artifacts from the grid squares and seven

features in the 5 m by 5 m area excavated in 1988.

Flaked Stone Implements

Flaked stone artifacts are the predominant elements of the

artifact assemblage, as expected at an Archaic site. Finished

implements (n= 99), debitage or waste flakes (n= 3287), and cores (n=

13) are represented in the analyzed sample. Table 5.8 presents the

types and occurrences of implements obtained from the features

excavated in 1984 and 1988, while those from the undifferentiated

cultural deposit excavated in 1988 are listed in Table 5.9. Tables

5.10 and 5.11 show the breakdown of the implements by material type.

Analytic methods were straightforward. The implements were

classified using a typology developed by Rozen (1984) to treat

retouched pieces from a group of Hohokam sites in the Santa Rita

Mountains. This typological system uses attributes of the retouch

displayed on a given specimen, including retouch direction (unifacial

or bifacial), degree of retouch continuity, degree of invasiveness or

marginality of retouch, extent of retouch, and completeness. Specific

definitions of 14 types of retouched pieces based upon combinations of

these attributes may be found in Rozen (1984: 456-472, Fig. 5.1).

Implements such as projectile points and drills constitute what Rozen

terms "intuitive types", which are defined on formal, rather than
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Table 5.10

Frequency of Tools by Material Type, 1984 and 1988 Features
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Continuous marginal nonextensive retouch; Cl - Continuous invasive retouch;
IRP - Iregularly retouched piece; CRF - Continuously retouched uniface
fragment; Proj = Projection: lB - Irregular bif ace; Hamr - Ham merstone; Ut Fl

Utilized flake.

Rhvo- Quart- slack Ande- Jasper Quartz Meta- Chert Total
liii thi unk.

jneous ment

PrjPt 10 2 2 1 1 12

Biface 5 1 3 1 9

CME 2 1 3

CMN 1 1 2

CI 1 1

IRP 1 1

GRF 1 1 1

Proj 1 1 2

lB 2 2

Hamr 2 1 2 4

UtFIk 8 1 1 1 11

Total 30 8 8 1 3 2 2 1 55

Prj Pt - Projectile point; CME - Continuous marginal extensive retouch; CMN



Table 5.11

Frequencies of Tools by Material Type, 1988 Grids

214

Prj Pt Projectile point; CME - Continuous marginal extensive retouch; CMN
Continuous marginal nonextensive retouch; CI - Continuous invasive retouch;
CRF - Continuously retouched uniface fragment; TB - Irregular bif ace; Hamr -
Hammerstone; Ut Ft - Utilized flake.

PrjPt

Biface

CMt

CMN

CI

CRF

lB

Hamr

UtFI

Drill

Total

Rhvo-
1L1c.

3

5

2

1

2

3

16

Ouartz- Black Meta- Chert Basalt Agate Total
i1.

2

2

2

1

1

1

9

Unk sedj-

1

1

I

3

1

1

1

1

6

7

3

3

6

2

1

2

12

I

43

Igneous ment

3 1

1

1

4 3

8 5
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strictly retouch or technological, attributes. Rozen's system has the

advantage of permitting implement classification to proceed on a more

objective basis, relying less on the often vague, arbitrary, types

such as "scraper" or "knife."

Projectile Points

As shown in Tables 5.8 and 5.9, 22 projectile points were

recovered from the proveniences analyzed in this study. All are

fragmentary, with eight representing basal portions of points arid the

remainder being blade fragments of varying sizes. All eight basal

fragments are typologically well within the range of variability of

the San Pedro point, a type defined by Sayles as diagnostic of the

latest portion of the preceramic Cochise Culture (Sayles and Antevs

1941: P1. 16c and d; Sayles 1983; Fig. 1O.4a and b). This dart point

style exhibits "C" shaped side to corner notches, a straight to

slightly convex base, arid a triangular blade, as shown in the

illustrated examples in Figure 5.9. Of note is the rather broad,

"heavy" appearance of the Milagro examples in comparison to the

longer, narrower specimens illustrated by Sayles. As Tables 5.8 and

5.9 demonstrate, point fragments were recovered from feature and

general cultural deposit contexts alike; four basal fragments (Fig.

5.9 a-d) were recovered from the intramural bell-shaped pit of the

Feature 15 domestic structure alone. The breakage exhibited by the

point fragments is predominantly transverse snaps, but includes a few



0 2

cm

216

a d C d

e f g

Figure 5.9 San Pedro projectile point fragments from Milagro.
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impact fractures and burin breaks as well; these are most likely

incurred from use rather than manufacturing errors. All but nine of

the points are made of a relatively fine- to tnediuin-grained purplish

brown rhyolite (Tables 5.10 and 5.11). The other materials include

chert (n= i), quartzite (n= 4), a black igneous material (n= 2),

basalt (n 1), and andesite (n= 1). Two specimens are noticeably

larger than the others, as can be seen in Figure 5.9 f-g. Both are of

rhyolite, but exhibit much wider blades than the other fragments. It

is conceivable that they were designed to serve a slightly different

function than the others, perhaps as lance points or as haf ted knives.

Similarly large points of the same style as normal-sized corner-

notched points are known from Basketmaker II sites (Guernsey and

Kidder 1921: P1. 35 j-l).

Bifaces

Seventeen bifaces, or "regular" bifaces in Rozen's

terminology, are represented in the analyzed sample; only five of

these are complete (Tables 5.8 and 5.9). Although diverse in form,

all show concerted efforts to produce a thin bifacial form. Included

in this group are seven end fragments of bifaces, of which five are

convex or rounded and the other two pointed. Breaks are frequently

diagonal to the long axis, and display the slightly curved or twisting

fracture typical of manufacturing errors (perverse fractures). One

complete and one nearly complete specimen suggest that a leaf- shaped
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form with convex sides and pointed ends was the desired product. Such

bifaces could serve either as preforms from which San Pedro points

were manufactured, or as hat ted or band-held cutting implements.

Similar bifaces have been recovered from other sites with San Pedro

points, including AZ EE:8:7 (Cattanach 1966: Fig. 3c-i) and Ventana

Cave (Haury 1950: 271-273). Ten of the 17 bifaces are of rhyolite

(Tables 5.10 and 5.11), with three of the remaining seven being black

unknown igneous rock, three quartzite and one jasper.

Drill

One fragmentary drill was recovered from the site. Made of

chert, it is a basal fragment with an asymmetrical, expanded base,

creating a "winged" appearance. It is missing only the distal part of

the bit. The base is bifacially flaked and fairly thin, while the bit

is nearly diamond-shaped in cross-section.

Uriifacially Retouched Pieces

The unifaces are diverse in their attributes. Five of Rozen's

implement categories are represented: flake with continuous, marginal,

extensive retouch (CME); flake with continuous, marginal, nonextensive

retouch (CMN); flake with continuous, invasive retouch (CI);

projection; and irregularly retouched piece (IR?); and continuously

retouched fragments of unifaces (CRF). These specimens include forms
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which would be classified traditionally as scrapers (CI, CME), gravers

(projections), denticulated flakes (Cr, CME, CMN), notches (IRE', CMN),

and knives (CME). As Tables 5.8 and 5.9 show, six CME implements,

seven CI implements, five CMN implements, two projections, one IRP,

and four CRF implements were identified. These illustrate

considerable variety in retouch type, extent, and placement, and in

general the assemblage of unifaces creates the impression of

unstandardized, rather haphazard retouching of flakes. This is in

contrast to unifacially retouched tools reported from earlier Archaic

sites (see B. Huckell 1984a:106-187), but quite similar to those from

Hohokam sites (Rozen 1984). Further, many of the retouched implements

are so irregular as to raise questions about their functional

qualities. In addition, two C?IN implements bore evidence of wear on

an unretouched margin, raising the possibility that some of the

retouched edges represent a "retouch of accommodation" or backing

rather than functional implements. The lack of formal patterning,

variable quality of the retouching, and irregular working edges of

these unifacially retouched implements are puzzling and remain to be

explained.

Tables 5.10 and 5.11 indicate the materials from which these

unifacially retouched implements were made. In contrast to the

bifaces and projectile points, these do not show a tendency to be made

predominantly of rhyolite. For example, three of the five CME pieces

are of quartzite, three of the five CI pieces are of black unknown
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igneous material, and two of the four CMN pieces are of quartzite.

Reasons for this shift are not obvious, although it may be that the

absence of phenoorysts in these materials was a factor. Nonetheless,

with such a small number of implements it is always possible that this

apparent difference is a function of sample size.

Irregular Bifaces

One group of three implements, irregular bifaces (IB), also

display the same sort of unpatterried retouch, but it is bifacial

rather than unifacial. Again a less than regular edge was con8tructed

on one part of a flake; such retouch might be the result of testing,

attempted rejuvenation of a uriiface, or backing. All three of these

are of black unknown igneous material (Tables 5.8 and 5.9).

1-Jammerstone a

Seven hammerstones round out the collection of retouched

implements (Tables 5.8 and 5.9). Five are complete and two are

fragmentary, but all represent core or flaked hammerstones rather than

unmodified, utilized cobble hammers. They exhibit light to very heavy

battering on prominent points or projections as well as on the ridges

between scars or facets. In appearance they are indistinguishable

from Hohokam specimens (see Rozen 1984: Fig. 5.18). Four of the seven



are of rhyolite, two are of quartz, and one is of quartzite (Tables

5.10 and 5.11).

Unretouched Pieces with Edge Alteration

Twenty-three edge altered flakes or pieces of material were

identified, 19 of them complete. They were assigned to this category

based on the presence of edge damage (nicking, microflaking, or

crushing), edge smoothing or polishing, or a combination of the two

types of post-detachment, unintentional edge alteration. While it is

possible that the edge damage may be the result of utilization of the

flake as an implement, such damage may also occur from trampling or

mechanical impact during excavation or land clearing. Edge polish is

normally a more secure indicator of the use of an unretouched flake as

a tool. "Edge altered" is simply a phrase that does not pass

judgement on the origin of the damage or wear on a flake.

Eleven flakes bore polish over edge damage, five displayed

only edge damage, and seven had polish alone. While most of the

damage occurs on lateral or distal flake margins, two instances of

wear on a natural projection were noted, and one case of wear on a

vertically broken edge was found. On complete specimens, damage was

most common on slightly convex edges (n= 10), followed by straight (n=

7), concave (n= 1), and irregular (n= 1) edges. Normally only a

portion of the edge bore evidence of alteration, rather than the

221
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entire edge. No microscopic analysis of the pattern of alteration was

undertaken; however, experimental studies have indicated general

correlations of edge damage with the working of harder, less yielding

materials such as wood or bone, while polish is associated with the

working of softer, more pliable materials like meat, hide, or living

plant tissue (Keeley 1979: 35-63). In all likelihood, these

unretouched implements were used for a variety of tasks. Rhyolite

accounts for 11 of the 23 specimens, followed by black unknown igneous

rock (n= 5), metasediment (n= 4), quartzite (n= 2), and chert (n= 1).

Flake Stone Waste Products

Debitage or waste flakes from the manufacture of stone tools,

and cores from which flakes were produced, are the most common

elements of the Milagro artifact assemblage. The analyzed sample from

the 1988 work contains 2149 unmodified flakes and eight cores, while

that from the 1984 features amounted to 1138 flakes and five cores.

Debitage

Debitage analysis focused on the recording of five attributes:

material type, flake condition, relative size, relative amount of

cortex, and. type of striking platform. Material type is sell'

explanatory. Flake condition entailed the placement of each piece

into one of five categories: complete flakes; flake fragments with the
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striking platform; flake fragments lacking the striking platform;

longitudinally split flakes; and unorientable shatter fragments. Size

was recorded using a series of nested squares (Fig. 5.10), beginning

with a 5 mm square arbitrarily labelled Size Class 1 and increasing by

5 mm Increments through Size Class 15. Each piece of debitage was

assigned to the largest size class that it filled but did not exceed.

Because flakes are not usually square, it was often necessary to

optically ttdivide!I a flake to determine its appropriate size class.

In this analysis, flake size is therefore actually flake surface area.

The relative amount of cortex was recorded using three arbitrary

divisions: Class A (greater than 67% cortex); Class B (34% to 67%

cortex); and Class C (less than 34% cortex). Finally, for complete

f lake and flake fragments which retained them, attributes of the

striking platform were recorded, including platform type (facetted,

plain, or cortical), the presence or absence of lipping, and the

presence or absence of platform grinding. Tables 5.12 and 5.13 present

the numbers of pieces or debitage by material type and provenience for

the features and the 1988 grids respectively, while Table 5.14

summarizes the results of the attribute analysis by material type for

the 1988 sample.

Material Types

In examining the material types represented, it is clear that

rhyolite is the most abundant, accounting for nearly two-thirds of the
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Figure 5.10 Measuring grid used to measure flake size.
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debitage. This rhyolite is characterized by a light to dark purplish

brown ground mass varying from fine to medium coarseness in texture,

and containing generally small phenocrysts. Macroscopically identical

rhyolite is available from many localities in the northeastern Tuoson

Basin, but is particularly abundant in the Saguaro National Monument

East area where it was extensively quarried prehistorically (Simpson

and Wells 1984, Fig. 4). Next in abundance is a black medium to

coarse grained igneous rock whose specific identity is unknown; it

accounts for 10 to 15 percent of the debitage (Tables 5.12 and 5.13).

Bedrock outcrops of similar material are present near the southwest

corner of Saguaro National Monument East. Quartzite of variable color

and texture represent the third most common material, varying between

7 percent and almost 12 percent of the debitage. A light grayish

green to dark gray and white banded quartzite is the most frequently

observed variety; no specific or general source is known for it. None

of the remaining material types exceed 3 percent of the assemblage

(Tables 5.12 and 5.13). These less abundant types include jasper,

andesite, quartz, chert, metasediment, chalcedony, agate, basalt, and

limestone. The jasper, predominantly red or red and yellow mottled,

may also be derived from sources within Saguaro National Monument East

(Simpson and Wells 1984: 19-21); the quartz is available as cobbles on

the piedmont slopes in the vicinity of the site. Lithologically

similar metasediment occurs as cobbles along Pantano Wash and Cienega

Creek. It thus appears that many of these materials were probably

obtained within 10 to 12 km of Milagro. Despite its proximity, Tanque



Verde Creek is not a source for flakeable raw materials, for its

bedload is predominantly gneiss and gneissic breakdown products.

Flake Condition

Complete flakes are uncommon at Milagro, amounting to only

about 9 percent of the rhyolite, 11 percent of the quartzite, and

about 15 percent of the black unknown igneous material (Table 5.14).

Flake fragments lacking the striking platform are the most common type

of fragment, accounting for between 37 and 48 percent of the most

common materials. However, nearly equal numbers of flake fragments

with striking platforms and those without the platforms are

represented in the black unknown igneous rock, metasediment, and

andesite material types. Flake fragments with striking platforms are

next in abundance (32% to 37% of the three most common materials),

followed by split flakes (3-8%), and shatter fragments (2-5%). These

figures demonstrate that a high degree of breakage characterizes the

debitage, and although the patterns of breakage by material type are

similar, some slight differences in the frequencies of particular

fragments are present. Such differences may be the result of

lithologic characteristics such as grain size or the presence of

phenocrysts or flaws, and the manufacturing techniques used to flake

particular materials.
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Flake Size

Flake size, as might be expected from the high number of

fragmentary pieces of debitage, is quite small. Size Class 3, or

flake or flake fragments whose size is larger than 10 mm by 10 mm, but

does riot exceed 15 mm by 15 mm, is the most common for the three most

abundant raw materials, followed closely by Size Class 2 and much more

distantly by Size Class 4. Flakes of Size Class 5 or above are

uncommon. Certain exceptions to this pattern are seen in finer

grained materials like jasper, chert, and chalcedony, where Size Class

2 is most abundant, or in coarse-grained materials like quartz and

limestone where slightly higher percentages of larger size classes are

evident. The largest flake recorded was in Size Class 11 (less than

55 mm by 55 mm), and Size Class 10 is represented by but one specimen;

no Size Class 9 flakes were present, and only nine Size Class 8 (less

than 40 mm by 40 mm) flakes were found. Even taking into account the

high percentages of broken flakes, the debitage is still predominantly

small flakes.

Cx

Relative percentages of cortex are also revealing. For the

three most common materials, Cortex Class C (less than 34 percent

cortex) accounts for between 90 and 92 percent of all the debitage.

Flakes in Cortex Class A (more than 67 percent cortex) amount to
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between one arid three percent of the sample. The flakes are thus

overwhelmingly noncortical, suggesting that much of the initial

reduction of raw material occurred away from the site or at least away

from the area of the site investigated thus far.

Striking Platforms

Striking platform attributes are also interesting. Facetted

striking platforms are the roost abundant; for the three most common

material types these constitute between 60 percent arid 66 percent of

the total number of platforms. Plain striking platforms are next in

abundance, ranging between 26 percent and 35 percent, with cortical

platforms constituting between 2 and 8 percent. Cortical striking

platforms are uncommon, accounting for 2 to 8 percent of the most

common material types. This low percentage is in keeping with the

generally noricortical aspect of the debitage. Lipped striking

platforms are common in the sample, being observed between 56 percent

and 60 percent of the time for the three most common materials.

Lipping is most commonly found in association with facetted striking

platforms, although specific figures were not determined for this

association. Finally, between 27 percent and 33 percent of the

striking platforms on flakes of the three most common materials

exhibited abrasion.



Cores

Only 13 cores are present in the analyzed sample, including

seven complete cores and six fragments. In terms of material types,

rhyolite is most abundant (n= 7), followed closely by black unknown

igneous rock (n= 5); one jasper specimen was also recovered That the

quantity of black unknown igneous rock cores nearly equals that of

rhyolite cores may suggest that it was for some reason preferred for

the production of larger flakes. This in turn may help to account for

the comparative abundance of this material in the form of unifacially

retouched pieces and unretouched implements. It is noteworthy that

all of the complete cores are small, being less than 67 mm in maximum

dimension and weighing no more than 136 gm. This suggests that all

were quite thoroughly reduced.

Discussion

Several conclusions can be drawn from the flaked stone

debitage and the cores. First, the raw materials are predominantly

assignable to the part of the Tucson Basin near Milagro; Saguaro

National Monument East appears to be the source for rhyolite and black

unknown igneous rock, two of the three most common materials, as well

as the jasper. With the exception of quartz, most of the raw

materials were thus obtained from sources located short distances away

from the site. Second, it appears that raw materials were probably

232



233

transported to the site in the form of large flakes or incipiently

retouched pieces rather than as cores or unworked cobbles or chunks of

material. The highly noncortical appearance of the debitage, the

small average size of the flakes, and the paucity of cores permit this

inference. Third, the manufacture of large numbers of bifaces is

indicated by the predominance of facetted striking platforms and the

comparatively high numbers of lipped and ground platforms. Such a

pattern of biface production would also help to account for the high

degree of flake fragmentation and the small average flake size, for

flakes of biface retouch are generally thin and susceptible to

breakage upon detachment or from simply being stepped on. Further,

the bifaces from the site are relatively narrow, thus implying small

flake sizes are likely to result from their manufacture and

retouching. The comparative abundance of bifacially retouched

implements such as projectile points and bifaces further supports this

inference from the debitage. Finally, it may be noted that, in

general, medium- to coarse-grained materials seem to have been

preferred. Fine-grained, siliceous rocks are present, but not common.

This may be a function of the need for larger pieces of material of a

size suitable for the making of San Pedro points or bifacial knives;

chart in the area generally occurs in very small nodules. It may also

reflect reliance on those materials within easy access of Milagro. The

small number of cores recovered also supports the infrequent

importation of cobbles or larger pieces of material to the site.



Ground Stone Implements

In contrast to the flaked stone assemblage, the sample of

ground stone implements from the features excavated in 1984 and the

investigations of 1988 is meager. As Table 5.15 indicates, 12 manos

(three of which were complete), and a single metate fragment are the

only representatives of this class of implements.

To judge from the complete examples and larger fragments, the

manos were of the one hand variety, but were large; the complete ones

range from 12.5 cm to 14.2 cm in length and from 9.2 cm to 11.4 cm in

width. All of the complete examples and six of the fragments have

been shaped by pecking around the edges and ends; based on the

complete specimens, the desired plan shape was an elongated oval. Six

of the specimens exhibit bifacial wear, while three are unifacial. The

grinding faces are relatively flat, showing little convexity.

Sandstone appears to be the preferred material, with gneiss running a

close second, followed by quartzite (Table 5.15). While the sources

for the sandstone and quartzite are not yet known, the grleiss is

locally available from the piedmont slopes north of the site or in the

bed load of Tanque Verde Creek where it occurs as cobble5 derived from

the Santa Catalina Mountains. It should be noted that nine of the 12

manos showed signs of burning, suggesting that after breakage or

discard they were commonly reused in roasting pits or for stone

boiling.
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Ground Stone Implements from 1984 and 1988 Excavations
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Such reuse is also evidenced by the lone metate fragment

(Table 5.15), which was recovered from a rock-filled pit (Feature 25)

in three pieces broken apart by heat. The three pieces form a large

fragment from near the end of what appears to be a broad, shallow,

basin metate made on a 12 cm thick block of gneias. A well-worn

grinding surface is present, which has been ground to a depth of

approximately 1 .5 cm below the edges of the fragment.

The ground stone assemblage also includes two small handstone

fragments, one of gneiss and one of' sandstone. The gneiss example is

a nearly complete pebble or small cobble that is missing only a small

part of' its edge; it bears bifacial wear, and one face has been

stained with red ochre. Similarly, the sandstone specimen is a pebble

missing both ends and displaying light bifacial polish.

Shell Ornaments

One of the surprises at Milagro was the recovery of three

pieces of shell ornaments, a class of artifacts generally absent at

Archaic sites. Two of these are cut shell beads or pendants, while

the third is a whole shell bead. The cut shell specimens include one

complete subaquare bead or pendant measuring 9.2 mm long by 8.5 mm

wide by 0.9 mm thick A slightly off-center, biconically drilled hole

2.0 mm in diameter perforates it. The other specimen represents
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slightly less than half of an identical specimen, displaying a part of

the drilled hole. Both are made of a shell with a nacreous luster and

a slightly yellowish cast. Lisa Huckell has identified them as being

produced from shells of the family Pteriidae (pearl oysters), and

possibly of the genus Pinctada. This family is distributed along the

Pacific coast of Mexico, into the Gulf of California, and up the Baja

California peninsula as far north as San Diego (Keen 1971: 77, 79).

The complete specimen was recovered from Feature 4b, the intramural

bell-shaped pit in the Feature 4 domestic structure, while the

fragment was found in the fill of the Feature 15 domestic structure.

A single Olivella bead was found in the shallow depression

around Feature 25, a rock-filled pit. Measuring 13.1 mm long, the

bead. was made by breaking off the spire of the shell and then grinding

the broken edge. Part of the lip of the aperture has also been broken

away. Many species of Olivella occur in the Gulf of California and

along the Pacific coast of both Mexico and the United States. Shell

jewelry is quite rare in Archaic contexts. Haury (1950, Table 28)

found a few pieces scattered through the preceramic levels of Veritana

Cave, and recent excavations at the Late Archaic sites of AZ EE:2:30

in the Cienega Valley and at an Archaic pit house at the Tucson Basin

Valencia Road Site (AZ BB:13:15) have yielded a few other specimens.

It is noteworthy that such square beads made of Pteriidae shell are

absent from Hohokam shell assemblages; they may be characteristic of

the Late Archaic period.



Ceramic Figurines

The most uiiusual components of the Milagro artifact assemblage

are two virtually complete anthropomorphic figurines of fired clay.

One was recovered from the fill of Feature 1, an extramural bell-

shaped pit, while the other came from just above sterile sediments in

a grid in the 1988 area of excavations. Figure 5.11 illustrates both.

The Feature 1 specimen (Fig. 5.11a) is a slender, cylindrical

rod of clay 37.2 mm long and 9.9 mm in diameter, to one end of which

two pieces of clay were appliqued; one of these is now missing. These

appliques created a broader, flattened end into which three narrow

holes were deeply punched while the clay was wet, creating a face with

two eyes and a mouth.

The second figurine exhibits a slightly conical form,

resembling in size and shape a .50 caliber machine gun bullet. It

measures 44.1 rum long by 15.0 mm in maximum diameter, and is more

embellished than the Feature 1 specimen. As Figure 5.11b shows, in

addition to two shallow concavities marking eyes and a deeper, larger

diameter concavity indicating a mouth at the narrow end of the

figurine, a pronounced split occurs at the broader end and extends

12.0 mm up from it. This may represent the crotch or legs. Further, a

few shallow fingernail indentations are scattered over the torso of

the figurine. Broken into two parts by excavation, this specimen
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Figure 5.11 Fired clay figurines from Milagro, shown approximately
1.75 times natural size.
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displays a light brown to dark gray exterior surface with a dark gray

core; the clay is extremely fine arid shows a few angular sand-sized

quartz and feldspar grains and numerous tiny vesicles.

These fired clay figurines are unique at present--no other

Late Archaic sites are known to have yielded them. A search for

similar figurines in younger cultural contexts was largely fruitless,

although the punctate features on both Milagro examples and the simple

crotch or leg indication on the one do have counterparts in the

Basketmaker III figurines illustrated by Morris (1951). It is

interesting to note that they demonstrate that the concept of molding

wet clay to a desired fo and then firing it to fix the shape was

already present before ceramic containers appeared in this area.

Faunal Remains

Regrettably, animal bone appears to be poorly preserved at

Milagro. Only 18 pieces of bone were recovered from the site, arid

only two of these could be identified with some specifity: a

fragmentary tibia assignable to a jackrabbit (Lepus spp.), and an

unidentifiable diaphyseal fragment from an artiodactyl long bone. The

former specimen was badly eroded and came from a bell-shaped pit

(Feature 2), while the latter was burned to a dark grayish black color

and was found in the course of surface stripping the cultural deposit.

The remaining 17 pieces of bone were recovered from the heavy fraction
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of flotation samples from bell-shaped pits and one small, shallow pit.

All have been burned, and all are less than 12 nun in maximum

dimension. Three are identifiable as caudal vertebrae from a small-

bodied rodent. The other 14 pIeces are unidentifiable as to element,

but all appear to be derived from the limb elements of rabbit- and

rodent-sized animals. It seems probable that bone is not preserved at

the site due to soil conditions, and that it survived only if it was

burned before burial.

Botanical Remains

If animal bone is poorly represented, carbonized plant remains

are by contrast extremely abundant. In fact, the plant remains at

Milagro are more abundant and more taxonomically diverse than those

from Hohokam sites of similar size that are as much as 1500-2000 years

younger. Lisa Huckell has analyzed 27 soil flotation samples from 11

separate features excavated in both the 1984 and 1988 field seasons.

Table 5.16 lists the taxa she has identified, and Table 5.17 presents

the specific results of her analyses.

Perhaps most striking is the occurrence of maize in 10 of 11

features, and 21 of 27 individual samples. Maize was also the most

abundant taxon in 13 of the 27 samples. All of the Identified maize

consists of cob fragments, principally dissociated cupulee and cupule

and glume fragments; no kernels were recovered. The cupules analyzed



Gra mineae
lea mays L.

A maranthaceae
Amaranthus sp.

Chenopodiaceae
Chenopodium sp.

Aizoaceae
Trianthema rortulacastrum L.

Juglandaceae
iu1ans major (Tort.) Heller.

Ericaceae
Arctostaphylos sp.

Zygophyllaceae
Larrea tridentata (DC.) Coville

Ulmaceae
Celtis reticulata Tort.

Table 5.16

Plant Macrofossil Tan Recovered from Milagro
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Corn, Maize

Amaranth

Lambs quarters, Quelites

Horse pursiane

Arizona walnut

M anzanita

Creosote bush

Net leaf hackberry

Boraginaceae Borage family

Cactaceae Cactus family

Cyperaceae Sedge family
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in 1984 display two general shapes: one was a rounded rectangle, the

other a triangular or arch-like form. These shape classes are present

in roughly equal numbers, and may reflect either cupule position on

the cob, variable growing conditions, or perhaps racial or varietal

affinities. Five cob fragments from the 1984 sample were sufficiently

complete to obtain row number; one 8-rowed, two 10-rowed, one 12-

rowed, and one 14-rowed cobs were represented (L. Huckell in B.

Huckell and L. Huokell 1984: 28-31). On the basis of present

evidence, the Milagro maize appears to fall within the range of

variation observed in samples from other Late Archaic sites. As noted

in Chapter 4, this has been described as pre-Chapalote or Chapalote by

various workers, based on their perception that it closely resembles

the many-rowed brown flint or popcorn still grown in northern Mexico

(Wellhausen and others 1952: 54-58).

Other taxa also merit brief mention. Particularly noteworthy

is the concentration of carbonized amaranth seeds recovered from

Feature 8 (Table 5.17). While present in other features, its

superabundance in Feature 8 along with an impressively large quantity

of grass caryopses makes this feature stand apart from the others. As

described previously (Table 5.3, Figs. 5.7 and 5.8), it is one of the

two smallest extramural bell-shaped pits investigated, and might have

served well for the storage of small seeds like these.
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Another category of plant macrofossils consists of columnar-

celled seed coat (CCSC) fragments. These distinctive fragments are

present in seven of the 11 features and in 17 of the 27 analyzed

samples. While the physical characteristics of the seed coat

fragments make suggest that they are legumes (L. Huckell 1987: 235-

243), their fragmentation and the degree of structural damage they

typically suffer from carbonization has made it difficult to classify

them more specifically. However, recent experimental carbonization of

mesquite, palo verde and cat claw seeds by Lisa Huckell suggests that

these specimens are most closely resemble blue palo verde (Cercidium

floridum) and foothill palo verde (C. miorophyllum).

Other species of interest include Chenopodium, identified from

four features; Trianthema (horse purslane), recovered from five

features; and the abundance of Cyperaceae (sedge) seeds in Feature 8.

The only unexpected, nonlocal taxon is a single manzanita

(Arctostaphylos sp.) nutlot; this must have come from a higher

elevation chaparral community, such as is found today in Molino Basin

in the Santa Catalina Mountains 11 km northeast of the site. Also

identified from one feature were fragments of walnut shell, and two

features yielded uncarbonized hackberry (Celtia ep.) seeds.

With the exception of Feature 8, the samples from most of the

other features are rather similar to one another. Variations in the

percentages of major or common taxa are discernible, as is the
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presence or absence of less common taxa, but all samples are generally

similar. This perhaps indicates not so much the functions of

features, but rather the filling of features with a homogenized

organic residuum making up the cultural deposit. If this is the case,

then the unusual assemblage from Feature 8 may represent deliberate

disposal of seeds ruined in the cooking or parching process, or the

accidental burning of a small quantity of seeds which had been stored

in the pit. In any case, the abundance of maize is noteworthy at an

open site of such age, particularly in comparison to later Hohokam

sites where carbonized maize is often less well represented (L.

Huckell 1986).

Pollen

Five pollen samples from the site were examined by Owen Davis

(1984); four were from the fills of intramural (Features 4b and 15b)

and extramural (Features 2 and 3) bell-shaped pits, while the fifth

was from a mano in Feature 8, another extramural bell-shaped pit. All

samples were found to contain from 50 to 75 percent deteriorated

pollen grains, and all displayed spectra dominated by Boerhaavia and

Chenopodiaceae-Amaranthaceae. No oultigen pollen was detected.



Summary

The excavation of this small portion of Milagro has yielded

data of great importance in understanding the transition from hunting

and gathering to agriculture. In terms of architecture and artifacts,

the work at the site confirms the essential attributes of the Late

Archaic San Pedro stage as first presented by Sayles (1941, 1945) from

his work in the San Pedro and Sulphur Spring valleys. However, the

use of flotation sampling and TAMS radiocarbon dating have documented

that maize is abundantly represented in the deposits at Milagro, and

that it is among the oldest directly dated maize known from

southeastern Arizona and the Southwest as a whole. As a shallow, open

site Milagro provides a much different view of the sociocultural

context of early agriculture than do the "classic" rockshelter sites

in the Mogollon Highlands. The occupation of a terrace mandated the

construction of domestic structures and storage pits to shelter people

and food, and the unconfined space of the terrace surface permitted

occupation of a larger area, potentially by a larger number of people,

than rockahelters such as Bat Cave or Tularosa Cave.
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CHAPTER 6

INVESTIGATIONS AT BURIED LATE ARCHAIC SITES

IN THE SAN PEDRO VALLEY, SOUTHEASTERN ARIZONA

The transition from hunting and gathering to agriculture

should be traceable at a regional level, and must be examined at this

larger scale if the rate, nature, and economic significance of the

transition are to be understood. Further, a surface site such as

Milagro yields little information on the environmental context of the

transition, particularly with regard to the dynamics of stream

processes. It is therefore necessary to consider three buried Late

Archaic sites from the San Pedro River valley to broaden and sharpen

the picture of the transition. The purpose of this chapter is to

present the results of limited geoarchaeological investigations at

those sites, and to integrate these results with the information

obtained from Milagro.

Introduction

From 1935 through 1938 E.B. Sayles, Ernst Aritevs, and Emil W.

Haury of Gila Pueblo conducted research in the San Pedro, Sulphur

Spring, Santa Cruz, and San Simon valleys to define the cultural
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characteristics and paleoenvironnierital contexts of preceramic sites in

southeastern Arizona. The product of this first Southwestern

interdisciplinary survey and excavation project was the definition of

the Cochise Culture. Of particular importance to the present study

was the discovery of three buried sites between Charleston and

Fairbank on the San Pedro River: AZ EE:8:1 (=GP Benson 5:10), AZ

EE:8:5 (=GP Benson 5:16), and AZ EE:8:11 (=GP Benson 8:3). Figure 6.1

shows the positions of these sites. Limited excavation occurred at AZ

EE:8:1, the Fairbank Site, which became the type site for the San

Pedro Stage (Sayles and Antevs 1941: 21-26), and at AZ EE:8:11 at

Charleston, another San Pedro Stage site which produced one of the

first pit structures known for this complex (Sayles 1945: 1-4). Of

equal importance were geological studies by Antevs at the Fairbank

Site, which helped to define a period of heightened aridity known as

the Fairbank Drought (Antevs 1955, 1983). Investigations at these two

sites, and at AZ EE:8:5 and others, formed the basis for the

definition of the San Pedro Stage and the characterization of

environmental conditions for the early part of the late Holocene.

Although limited work has been done at other San Pedro sites in

southeastern Arizona over the past five decades, these three important

buried loci have seen no further research.

Discoveries made at Milagro in 1984 and 1988 showed marked

similarities to those of Sayles at Fairbank and Charleston. The bell-

shaped storage pits, domestic structures, flaked and ground stone
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Figure 6.1 Locations of investigated sites, San Pedro River Valley.
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tools, and well-developed cultural deposit at Milagro had their

closest counterparts at Fairbank and Charleston. Further, the

abundant carbonized maize recovered from flotation samples at Milagro

raised the question of whether cultigens might also be present at the

San Pedro Valley sites. Antev's Fairbank Drought was also a puzzle--

what role might it have played in the adoption of agriculture, and

what evidence was there for its existence? Finally, a single solid

carbon date of approximately 2500 BP was the only absolute

chronometric control available from these sites, and its

represeritativeness and perhaps accuracy were open to question. It

seemed apparent that limited additional work at these sites could be

highly informative in an investigation of the adoption of agriculture

in southeastern Arizona.

For many years these sites, positioned within part of the old

San Juan de las Boquillas y Nogales Land Grant, were privately owned

by Tenneco and access to them was limited. In 1986 the Bureau of Land

Management acquired the grant as part of their San Pedro aiparian

National Conservation Area. Inquiries to state and district BLM

personnel about the possibility of small-scale investigations at these

sits were received favorably, and a visit to relocate the sites was

made in late 1986. Although having withstood the vagaries of time arid

geomorphic processes with varying degrees of success, AZ EE:8:1, 5,

and 11 were all relocated and seemed sufficiently intact to encourage

reinvestigation. A proposal for limited geoarchaeological work at all
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three sites was submitted in 1988. The research problem was to

clarify aspects of the cultural, temporal, and environmental milieu

within which agriculture first appeared in southeastern Arizona.

Research objectives were three: (1) exposure and recordation of the

cultural and alluvial stratigraphic record at each site; (2)

collection of wood charcoal or other carbonized botanical material for

radiocarbon dating at each site; and (3) collection of macrobotanical

specimens and bulk soil samples for flotation at each site.

Objectives I and 2 would provide contextual data, and objective 3

would establish the presence or absence of agriculture at these sites,

if the results gained from Milagro were at all typical of these Late

Archaic San Pedro sites.

The Fairbank Site, AZ EE:8:1

Discovered in 1936, this site was exposed west of the small

railroad town of Fairbank on the western edge of the entrenched

channel of the San Pedro River at an elevation of approximately 1173 m

(3850 ft) (Fig. 6.1). At the time of discovery the site was on a

recent channel cutoff or oxbow, as shown by Sayles and Antevs (1941,

Fig. 7). An occupational horizon up to 50 cm thick and consisting of

charcoal, ash, fire-cracked rooks, and flaked and ground stone tools

was present at a depth of approximately 2.75 in below the surface of

the 4 m high vertical bank. The bank was the cut face of a low

terrace of apparent Holocerie age, its tread lying approximately 21 m
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below a much older and higher Pleistocene terrace which probably

equates with the Whetstone surface of Bryan (1926). This Plesitocene

terrace was largely composed of a pinkish brown clay with abundant

carbonate nodules, and it was capped by as much as 2 m of cobble lag

gravel. Its riser arid tread supported Chihuahuan Desertscrub

vegetation including tarbush (Fluorensia), whitethorn (Acacia

constricta), catolaw (A. greggii), burroweed (Isochoma tenuiseotus),

and scrub mesquite (Prosopis velutina). Atop the Holocene terrace was

a thick growth of young mesquite trees, while cottonwoods and willows

were scattered along the San Pedro channel.

The cultural horizon was exposed over 120 linear meters of the

river bank on a north-south axis, and extended at least 60 m westward

up a small tributary arroyo. As it trenched its channel, the San

Pedro removed an unknown but presumably large portion of the site; at

this place the river channel averaged approximately 25-30 m wide. In

April of 1938 Sayles excavated a small, intact portion of the cultural

deposit that lay undisturbed beneath a low erosional bench within the

tributary arroyo. This 25 m long and 3 in wide area was found to

contain three large, bell-shaped pits; two small, shallow pits; and

seven discrete clusters of fire-cracked rocks (Sayles and Antevs 1941:

22-23; Fig. 9, Fl. XIV). All of these features occurred at the base

of the cultural deposit. In October of 1938, a fourth bell-shaped pit

was excavated by E.W. Heury of the Arizona State Museum at the request

of Gila Pueblo; this one was located on the west bank of the San Pedro
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approximately 10-15 m north of the mouth of the tributary arroyo

(Sayles arid Antevs 1941: 23, note 15; Arizona State Museum Additional

Site Information Files). A fifth bell-shaped pit from the site was

later reported by Sayles (1945: 3, P1. Ib). Tbese features, the

artifacts recovered from them, arid the general cultural deposit were

instrumental in defining the Sari Pedro Stage of the Cochise Culture.

In the mid-1950s wood charcoal collected from the deposit was

radiocarbon dated to the mid third millenium before Christ: 2463 310

BP (C-519; Sayles 1963: 54).

Antevs examined the alluvial stratigraphy of the site, arid

concluded that it had been occupied during an erosional interval or

ttdrought.0 As he stated:

In this large camp ashes and charcoal accumulated to a

thickness of 6 inches, indicating long occupancy during

which there was a break in the alluviation. The nearby

San Pedro River must have been entrenched and the climate

dry (Antevs 1955: 330).

He labelled this the Fairbank Drought, dated at about 500 BC based on

the radiocarbon date from the cultural deposit. Antevs' geologic-

climatic dating method relied upon the sedimentological

characteristics of particular alluvial units and the characteristics

of the contacts between units. In general he tended to equate coarse
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deposits and erosional contacts with droughts, based on observations

of the geoinorphology and sedimeritology of post-1880 arroyos, and

finer-grained deposits and gradational contacts with wetter climatic

conditions, as found along the floodplains of Southwestern streams

prior to 1880. Vegetation was the critical link between climate and

vegetation in his argument, controlling the erosional effects of

stream flow and runoff (Antevs 1952; 1955: 317-319, Table 12).

Although periodic visits were made to the Fairbank Site by

several archaeologists after the 1950s, no further investigations were

undertaken at this important locus.

1989 Investigations

By 1986 the former channel of the San Pedro where the Fairbank

Site was exposed had become nearly completely isolated from the main,

active, eastern channel by continued downcutting of the latter. The

main channel is at present approximately 3.5 m deeper than the cutoff

one, so the latter receives flow only during extremely infrequent,

high-magnitude flood events. Accordingly, the old channel has been

backfilled to some extent, particularly at the mouth of the tributary

arroyo where that stream has built a large fan in the former river

channel. This fan extends westward back up the arroyo as well, so

what was a well-exposed cultural deposit in 1938 is now largely

obscured by the last 50 years of aggradation in the old river channel
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and the tributary arroyo. An estimated 1.5-2.0 in of sediment has

accumulated in the arroyo where Sayles worked in 1938, so the cultural

deposit is no longer visible. Along the former river channel the

cultural deposit is at present exposed only at the base of the

vertical bank in a few places north of the mouth of the arroyo,

implying the depositon of nearly 2 in of alluvium there.

The first task was therefore to create vertically complete,

mappable exposures of the deposit and its overlying and underlying

units. This was accomplished by using a backhoe to face the former

river channel and arroyo banks; Figure 6.2 shows the locations of

trenches and the approximate position of Sayles' 1938 excavation area.

Within the tributary arroyo a 12 in long, up to 2.5 in deep trench was

out parallel to the south bank; this was designated Trench 1.

Trenches 2-5 were approximately I in wide cuts made perpendicular to

the former river bank, and extending from 0.5 to 1.0 in below the

modern channel bed. Each trench was cleaned using a folding shovel,

and an arbitrary datum point or level line datum plane was established

in each. Discrete geological and cultural deposits were identified

and distinguished by sedimentology, color, texture, structure, and the

character of their contacts with other units. Scale profile drawings

were then made of each trench. In Trench I the cultural features were

mapped and soil flotation samples were collected from them. The

samples were collected in 50 cm wide columns at vertical intervals of

10 cm within each feature. In the absence of features, the
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undifferentiated cultural depo8it was sampled judgementally. Exposed

features were not excavated beyond the flotation sampling, and

although the collection of artifacts was not a priority, those

encountered in sample collection were taken. Because Trench I had not

completely reached the local sterile sediments, hand excavation to

expose them did result in limited excavation of certain parts of the

cultural deposits.

Trench 1 Stratigraphy

Trench 1 proved to be extremely informative about the Fairbank

Site and its geomorphic context. Figure 6.3 illustrates the profile

of the trench. Perhaps most striking is the existence of three

stratigraphically discrete cultural deposits in the lowest I m of the

trench. The lowest, designated unit B on the profile, is a dark

grayish brown, clayey, gravelly sand, only 5 cm in average thickness.

It is positioned atop a slightly reworked pinkish brown clayey sand

deposit (unit A2) which is largely derived from the underlying pinkish

brown sandy clay (unit Al). This unit is also exposed nearby, most

conspicuously on the west bank of the San Pedro River just north of

the mouth of Babocomari Creek where it forms a vertical bank

approximately 5 m high. It seems probable that this unit is part of

the Fib-Pleistocene St. David Formation (Gray 1967) found along much

of the length of the San Pedro. No cultural features were identified

in unit B, and it appears to be slightly discontinuous. A radiocarbon
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date places the occupation at 2815 +80 BP (AA-4457). Atop unit B are

approximately 50 cm of noncultural, light grayish brown gravelly sand

(unit C). This deposit is poorly sorted, containing abundant pebbles

to small cobbles, rounded carbonate nodules, occasional thin silt

lenses, and one large block of carbonate-cemented cobbles.

The second and best developed cultural deposit, a grayish

brown gravelly sand designated unit D, appears next. It is the most

substantial of the three, ranging between 10 cm and 30 cm in

thickness, and including three features. The features consist of an

extramural bell-shaped pit containing two complete metates and a mano

(Feature 1), a partial domestic structure with a large intramural

bell-shaped pit (Feature 2), and a shallow, apparently straight-sided

pit (Feature 3). A radiocarbon date from Feature 3 is 2800 140 B?

(AA-4458). Features 1 and 2 were sufficiently deep to penetrate the

older unit B cultural deposit. Unit D is capped with a thin (8 cm)

fine pinkish gray silt deposit (unit E) which has been broken or

removed in several places by erosion or bioturbation. Note that unit

E follows a slightly irregular surface developed on the unit D

cultural deposit, including a concavity centered over Feature 2. This

suggests that the active occupation of the site, or at least this part

of the site, had ceased some time prior to the emplacement of unit E.

Above this is unit F, a gravelly sand, accumulated to a

thickness of approximately 15 cm; the third cultural deposit rests
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atop it. This third cultural deposit, labelled unit G, is a

discontinuously exposed dark gray sand, never exceeding 4 cm in

thickness. It displayed no artifacts or fire-cracked rocks, but

small, dispersed charcoal flecks were common. A radiocarbon date of

2590 + 75 BP (AA-4459) was obtained from this deposit. Unit H, above

the upper cultural horizon, is sedimentologically identical to unit F

below it.

The first of two massive silt deposits, unit I, overlies the

gravelly sand of unit H. Unit I is a fine sandy silt, pinkish gray in

color, with a maximum thickness of approximately 20 cm. A coarse

sand, unit J, approximately 25 cm thick separates unit I from the

second silt deposit, unit K Unit K is a light brownish gray clayey

silt up to 30 cm in thickness. It is best developed at the east end

of Trench I and disappears as a distinct deposit approximately 1 .5 m

from the west end of the trench. Both silt deposits show breaks

caused either by younger small channels or by bioturbatiori. It may be

noted that the unit I and K silt deposits appear to show significant

differences in extent as exposed in Trench 1 That is, unit I appears

to be thicker towards the upstream (west) end of the trench, while

unit K appears to thicken in a downstream (east) direction. Unit K

disappears before the west end of the trench is reached, and unit I is

markedly thinner at the eastern end of the trench. Such fine, well

sorted deposits may originate either as distal or lateral deposits

along a channel, or as slackwater deposits created when floods in
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tributary streams are prevented from entering the trunk stream by

large floods in that channel. In the latter instance, the deposit is

the result of a single flood event; in the former, a longer period of

accumulation is implied. In either case, less competent stream

behavior is implied by the fine sediments. Becau5e it is not possible

to determine the horizontal extent of these units, or their

relationships to former channels on the fan surface, it is not

possible to choose between these modes of origin at this time.

Contacts between the silt deposits and those units above and below

them are clear. A poorly sorted, silty coarse sand overlies unit K;

it is quite similar to units C, F, and J.

Aside from the erosional unconformity between unit A and the

lowest cultural deposit, unit B, the only obvious break in the

deposits in Trench 1 occurs near the top of the exosed section. A

weak soil marked by a 20 cm thick grayish brown organic horizon is

developed on unit L, showing a pause in deposition. It is in turn

overlain by up to 40 cm of laminated fine sandy silt (unit M). In the

eastern half of the trench the buried soil and the laminated silt have

been removed by erosion. Both the buried soil and laminated silt can

be identified in all of the trenches mapped in this study.



Trench I Features, Unit D

The features encountered in unit D, the middle occupational

horizon, are similar to those found by Sayles in 1938 only 5-10 m west

of Trench 1, and at other San Pedro sites such as Milagro. Feature I

is a comparatively small extramural bell-5haped pit measuring

approximately 0.50 in in depth by approximately 0.90 in in maximum

diameter. It was excavated through a slab of carbonate-cemented

cobbles mentioned above in unit C (see Fig. 6.3). The presence of two

complete metates, stored in inverted position, and a complete mano

demonstrates that these bell-shaped pits could serve to store tools as

well as food. One of the inetates is a well-formed, heavily used

rhyolite trough inetate measuring 55 cm long by 42 cm wide; its trough

is 18 cm wide and 4.5 cm at the deepest point. The second metate is

an incipient basin type made on a 60 cm long by 51 cm wide by 15 cm

thick tabular block of rhyolite, with a 29 cm long, 16 cm wide, 1.5 cm

deep basin. The mano is made of quartzite and measures 14 cm in

length, 12.5 cm in width, and 8 cm in thickness; it is unifacial, and

has been pecked to a symmetrical oval shape. As Figure 6.3 shows, all

three artifacts were located in the upper part of the pit fill,

perhaps suggesting reuse of a partially filled pit for the storing or

concealing of these implements.

As exposed, Feature 2 appears to be a small portion of a
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domestic structure section near one end. The view in Figure 6.3 shows
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a large intramural bell-shaped pit (0.80 in deep by 1.45 in in maximum

diameter), and to the left (east) of it, a 0.95 in long segment of the

structure floor excavated markedly deeper than the base of the

cultural deposit. Such a cross-section could be generated by passing

a line through the center of the intramural pit at one end of a

typical Milagro structure, deviating that line from the long axis of

the structure at an angle of approximately 20-30 degrees. It is

unknown whether the rest of the structure lies intact to the south of

the trench, or whether it lay to the north and was removed by the

erosion of the tributary wash in the early 20th century.

The straight-sided pit designated Feature 3 on Figure 6.3 is

difficult to describe in any detail. As exposed it measures

approximately 1.05 m wide by 0.25 in deep, but there is no way to know

the plan view shape without excavation. Two flotation sample columns

through this feature produced three complete, well-worn manos and a

small handstone. All three manos had been shaped from quartzite

cobbles, and in plan view two were simple oval forms while the third

was irreguarly oval to subtriangular. Two were bifacial, the other

unifacial, and all exhibited very broad, nearly flat working surfaces.

In size they ranged from 12.0 to 17.0 cm in length, from 11.5 to 15.0

cm in width, and from 4.5 to 7.0 cm in thickness. The handstone was a

small, irregularly oval quartzite pebble measuring 9.0 cm long, 7.0 cm

wide, and 4.0 cm in thickness; it displayed slight wear polish on one

flat surface. All four artifacts were near but not on the bottom of
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the pit, and immediately above them was a 5-10 cm thick layer of

charcoal flecks, ash, and pieces of fire-cracked rocks. Another

complete, irregularly oval mane was removed by the backhoe from the

vicinity of Feature 3. It compares closely in size with the largest

Feature 3 specimen, is unifacial, and retains traces of red ocher on

one face. It is possible that this specimen was also included in

Feature 3.

Flaked stone debitage was present but not particularly common

in any of the features in unit D. However, a 0.50 m by 0.40 m

excavated area of the lower cultural deposit (unit B) produced 138

flakes. All of these were quite small and fragmentary; 117 of them

(nearly 85%) were of a silicifled limestone available as cobbles in

the bed load of the San Pedro River.

Stratigraphy of Trenches 2-5

Moving to the west bank of the former San Pedro River channel,

Trenches 2-4 reveal a generally similar record to that presented for

Trench 1, but with some nuances and no indications of multiple

occupation horizons. Trench 5, the southernmost of the four, tells a

different story. Figure 6.2 shows the locations of all of these

trenches, and Figure 6.4 illustrates their profiles in proper

horizontal and vertical relationship to one another.
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In Trenches 2 and 3 to the north of the mouth of the tributary

arroyo and in Trench 4, the first trench south of the arroyo (Fig.

6.2), the cultural deposit was present and easily recognized (Fig.

6.4). The pinkish gray sandy clay of unit A formed the basal deposit

in all three trenches, and above it lay the cultural deposit.

Generally the cultural deposit (unit B) was a slightly herd sandy

silt, grayish brown in color, containing dispersed ash, charcoal,

artifacts, and fire-cracked rocks. It varied in thickness from 20 cm

in Trenches 2 and 4 up to 38 cm in Trench 3, but in all three only a

single cultural deposit was represented. Immediately overlying the

cultural deposit and separated by a gradational contact was unit C, a

olayey silt of variable (12-20 cm) thickness but with subangular to

blocky structure.

Above the silt unit exposed in each trench a series of sand,

silt, and clay units can be defined, as shown in Figure 6.4.

Correlations between trenches are difficult due to the absence of a

continuous, faced exposure; however, two buried organic soil horizons

seem to show correlations among the trenches. One of these is located

at the base of the uppermost sandy silt unit identified as the final

depositiorial event prior to the onset of the modern erosional regime.

Although slightly variable in thickness, this soil was also found in

Trench 1, and represents the soil forming atop this surface during the

late 19th century. In Trenches 2-4 an earlier, weaker paleosol is

present, ranging from 0.30 m to 1.05 m below the upper soil. Despite
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these apparent differences in elevation, the slope of this earlier

paleosol as calculated from three exposures closely parallels that of

the younger soil, and also that of the top and bottom of the cultural

deposit as shown in Figure 6.4. Charcoal found buried approximately 5

cm below the top of the older soil in Trench 3 produced a radiocarbon

date of 990 + 105 BP (AA-4460).

Trench 5 revealed no cultural deposit, nor was the distinctive

unit A in evidence. Instead, a 70 cm thick brown clay with a strong,

fine, subangular structure was identified, resting atop a coarse,

pebbly sand. The clay contained dispersed pebbles, small carbonate

nodules, and charcoal flecks. Above it were silt and sand units

similar to those in the other trenches. Two poorly developed

paleosols, including the upper buried soil identified in all the other

trenches, were also present. As shown in Figure 6.4, there is a

vertical drop of nearly 1 in from Trench 4 to Trench 5, indicating that

this part of the fan is markedly lower than the part which contains

the occupation.

Discussion of the Stratigraphy

How do these sequences of deposits compare to the published

profiles of Sayles and Antevs? Sayles and Antevs (1941: Fig. 8)

identify six beds, not including the cultural deposit. Their deepest

unit is designated bed a, and is shown as a laminated clayey silt.
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However, the profiles on the original field map (Arizona State Museum

Map Collection 001449D) label this basal unit a "compact, coarse silt-

clay with caliche," and it is shown with an eroded upper contact.

This description is more consistent with unit A as described above.

Above bed a they indicate that their unit b, a gravelly silt at least

I m thick, directly underlies the cultural deposit in most places

(Sayles and Antevs 1941: Fig. 8, section A-B); however, north of the

arroyo mouth (Sayles and Aritevs 1941: Figs. 8 and 9) a wedge-shaped

silt unit thickening to the north is indicated. It would appear that

bed b might equate with unit C in Trench I Unit C is a gravelly sand

separating the lower and middle cultural deposits in Trench 1, and

might well fit the bed b description. However, in Trenches 2-4 the

cultural deposit was found to occur directly atop unit A; no

intervening deposit was found.

The Late Archaic cultural deposit mapped by Sayles and Aritevs

occurred on the top of bed b, but only in one profile (Sayles and

Anteva 1941: Fig. 9) is it given a separate designation, bed c. At

least in Trench 1, bed c best correlates with unit D, the thick middle

occupation horizon with its features. That such a correlation is

likely may be supported by the presence of a 25 cm thick silt deposit

(bed d in Sayles 1941: Fig. 9) found by Sayles atop the cultural

deposit in his excavations. This silt deposit is thicker but in

precisely the same position as the thin unit E silt in Trench 1. If

this correlation is correct, Sayles may never have suspected that a
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second, deeper cultural deposit (unit B in Trench 1) existed beneath

his bed b in the area where he worked in 1938, assuming that this

lowest cultural deposit does extend westward from Trench 1.

As noted above, Trench 5 contained no evidence of the cultural

deposit, and the original Sayles arid Antevs field map (ASNMap

001449D) shows why. At a distance of approximately 32 m south of the

tributary arroyo, they show the cultural deposit and their bed b as

being truncated. As drawn, the truncation appears to be erosional.

Trench 5 was positioned 50 m south of the tributary arroyo, and it

seems possible that the brown clay with dispersed charcoal found there

may represent the fill of the channel that truncated the deposit. The

nature of this relationship, as well as the age of the clay, could be

settled with additional investigations.

The postoccupational stratigraphy is complex, as the Sayles

and Antevs profiles indicate, but some similarities can be noted.

Where two thick silt deposits (units H and J) occur in Trench 1,

Sayles arid Antevs (1941: Fig. 8, section C-D) show one wedge-shaped

silt deposit (bed d) appearing and thickening westward up the

tributary. Its position from 0.50 to 0.75 m above the cultural

deposit corresponds well to either unit H or J. Further, a silt

deposit was identified on top of the cultural deposit on the river

bank downstream (north) of the arroyo mouth which would correlate with

unit C (Fig. 6.4) in Trenches 2-4. Above the silt deposit Sayles and
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Anteve (1941: Fig. 8) show sandy silts and gravelly silts of varying

thickness and relationships. These would generally correspond with

units G-K (Trench 1) and units D-E (Trenches 2-4). Tk uppermost

silt, bed f, may correlate with the unit K silty sand-coarse sand in

Trench I and unit F in Trenches 2-4. However, no identification of

the two buried paleosols observed in Trenches 2-4 was made by Sayles

and Anteve.

This 1989 investigation has revealed that the deposits

containing the cultural horizon(s) are not the product of river

channel or overbank floodplain deposition as Antevs apparently

believed, but rather the result of fan building by the tributary

stream. The coarse, poorly sorted sands and gravels with occasional

silt deposits are typical of braided stream deposition on fans, and

more importantly the lithology of the sands and gravels clearly points

to the area drained by the tributary stream rather than the river as

the sediment source. The bulk of the coarser particles in both the

trench deposits and the modern bedload of the tributary wash are

derived from the breakdown of a light gray porphyrytic igneous rock.

Further, the pebble and cobble inclusions in both the modern channel

and the profiles often bear relict coatings of calcium carbonate, or

may appear as groups of carbonate-cemented cobbles; rounded carbonate

nodules are another common inclusion. All of these are present within

or atop the older Pleistocene terrace deposits cut by the tributary

wash west of the site. In contrast, the modern bedload of the San
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Pedro River is far more heterogeneous, with porphyrytic igneous

materials present only in small quantities. Thus, with the probable

exception of the brown clay exposed in the lower part of Trench 5, the

deposits containing the Late Archaic occupation are part of an

alluvial fan, not a river floodplain. It is likely that if any of the

deposits farther to the east were still in existence a better

understanding of the history of the interaction of the river and the

fan could have been obtained. However, the recent entrenchment of the

river removed this record, leaving the westernmost part of the site

and essentially only fan deposits.

Haynes has reported a wood charcoal date of 2630 + 150 BP (A-

730) from a rock-lined hearth located immediately east of the Fairbank

Site on the east bank of the main river channel. The hearth was

excavated into a clayey silt, and was overlain by a silty sand,

suggesting that it may be at an erosional contact between the two

units (Haynes and others 1971). It is apparently east of the fan and

therefore is presumably on the river floodplain. Although it cannot

be integrated stratigraphically with the fan, it is further evidence

of Late Archaic use of the area.

Another important point is that this fan appears to have

undergone relatively consistent aggradation over the last 3000 years

or so. Although the evidence of minor cut-and-fill episodes can be

discerned by sharp contacts between alluvial units, it is noteworthy
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that only a single prehistoric paleosol can be identified below the

buried historic soil near the top of the sequence. Dated to

approximately 1000 years ago, this paleosol is the only surviving

evidence of a significant hiatus in fan aggradation. The sharp and

clear contacts between various sedimentologically distinct beds can be

easily explained by shifts in the position of the stream channels

building the fan across its surface with aggradation.

In summary, the geological evidence suggests that the sequence

of events at Fairbank began with an erosional period which created a

broad, nearly level surface on the St. David Formation. The age of

this erosional surface is uncertain, but a mid-Holocene age is one

possibility, given the lack of a well-developed paleosol on the eroded

surface. The initial human occupation of this surface began by

approximately 2800 BP, followed rapidly by the onset of fan

aggradation. Fan aggradation must have been triggered by a shift in

the position of San Pedro River chanrelative to the tributary, or

by a change in the behavior of the river from erosion to deposition

with an accompanying base level rise, or both. Rapid fan building

continued, interrupting occupation of certain parts of the fan as the

tributary stream channel shifted position on the fan surface. Trench

1, exposing three cultural horizons, illustrates this process in an

area presumably near the center of the fan and close to its apex. By

approximately 2600 BP, the Late Archaic occupation of the site ceased

as fan building continued. With the exception of a brief interruption



at about 1000 BP, fan construction continued into the late 19th

century until finally terminated and reversed by the post-1885

entrenchment of the San Pedro River.

Flotation Analysis

A series of 10 sediment samples was chosen for flotation

analysis. This included two samples from the lowest cultural horizon,

unit B; a stratigraphic series of five samples through the fill of

Feature 3 in the middle cultural horizon, unit d; two samples from

underneath the metates in Feature I of the middle cultural horizon;

and one very small sample from the upper cultural horizon, unit H.

Table 6.1 presents the results of this analysis.

Most striking is the presence of carbonized maize cupules,

glumes, or kernels in nine of the 10 samples; only one of the samples

from the lowest cultural horizon failed to produce evidence of maize.

While not particularly abundant in any one sample, the ubiquity of

maize is remarkable. Although most of the cupules are broken and

rather eroded, they generally display the same triangular to rounded

square shapes observed in the Milagro maize and the many-rowed flint

or pop maize from other early Southwestern agricultural sites.

Present in all 10 samples, and occasionally extremely abundant

(see sample 3-4 in Table 6.1), are carbonized columnar-celled seed
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coat fragments. As noted in Chapter 5, these remains most closely

resemble paloverde seed coats. This is particularly interesting in

that paloverdes are not present in this area of the San Pedro Valley

today; one needs to go downriver (north) approximately 70 km to reach

the southernmost part of the Sonoran Desertscrub which contains these

trees. Also abundant are cheriopod seeds or seed coat fragments, and

undifferentiated chenopods or amaranths (chenoanis); these were

identified in eight of the 10 samples. Grass caryopses also occurred

in seven of the 10 samples. Rounding out the assemblage is a Scirpus

achene, several Fortulaca seeds, a euphorb seed, a mesquite seed, and

five cotyledon fragments (probably from legumes).

This analysis demonstrates that maize was not only present at

the Fairbank Site, but that it was present from the initial occupation

and was apparently common. These results echo those obtained at

Milagro. Of additional interest is that the columnar-celled seed coat

fragments are also abundant at Fairbank, despite the fact that the

taxon that they may represent is not part of the modern local flora.

Further, its abundance in the samples also implies that it played a

significant part in the subsistence economy. Therefore, it is

possible that this record from Fairbank indicates that gathering trips

of several tens of kilometers may have been made to obtain paloverde

seeds in quantity. Conversely, it may also imply that paloverde trees

may have been present in the area of the site during its occupation,

or that paloverde seeds were obtained in trade.



Chronometry

Three maize cupules were selected for TANS radiocarbon dating,

one from each of the three distinct cultural deposits in Trench 1.

The results were as follows:
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The dates on the lowest and middle occupational horizons are

consistent with the oldest assays on maize yet obtained from

southeastern Arizona, and are among the oldest from the Southwest as a

whole. They further suggest that the Fairbank Site is essentially

contemporaneous with Milagro, where a date of 2780 -4- 90 BP was

obtained on a maize cupule. The virtual identity of the dates from

the lowest and middle cultural deposits may imply that the intervening

unit C gravelly sand accumulated quite rapidly. In fact, all three

values overlap one another at two standard deviations, further

supporting rapid sediment accumulation in this part of the site during

the Late Archaic occupation.

Lowest Horizon (unit B) 2815 80 BP (AA-4457)

Middle Horizon (unit D) 2800 + 140 BP (AA-4458)

Upper Horizon (unit G) 2590 + 75 BP (AA-4459)



Summary

The new archaeological and geological records from the

Fairbank Site complement the earlier work by Sayles and Anteva, but

also allow this site to be viewed in a slightly different light. It

is clear that Sayles' 1938 excavations accurately documented the kinds

of features present at the site, and the nature of the cultural

deposit. Lacking flotation as a sampling and analytical tool, it is

not surprising that the presence of maize at the site went undetected

in 1938. Its near ubiquity in the samples from Trench 1 suggests its

economic importance, and this, coupled with the features and the well-

developed cultural deposit documented by both investigations,

demonstrate that the Fairbank Site is quite similar to Milagro. The

1989 investigations therefore validate and augment Sayles' treatment

of the archaeology of the site. The stratigraphic work suggests that

the terrace containing the Late Archaic occupation Is actually an

alluvial fan which began to aggrade actively shortly after the initial

human occupation of the site. There is no evidence of a stratigraphic

break corresponding to the postulated Fairbank Drought; instead,

deposition of sediment appears to have occurred consistently during

the Late Archaic period.
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The West End Site, AZ EE:6:5

Another buried Late Archaic site was found by Sayles and his

companions approximately 175 m north-northeast of the Fairbarik Site in

1937. It was not named, but was designated Benson 5:16 in the Gila

Pueblo site files, and was subsequently assigned AZ EE:8:5 In the

Arizona State Museum system. For the sake of easier reference, it

will hereafter be called the West End Site in recognition of its

status as the western end of a formerly much larger site. Its

position on the west bank of the San Pedro River is marked on Figure

6.1 and on the locational inset of Figure 6.4. There are two

spatially discrete loci at this site, which will be referred to as

Locus A and Locus B. Locus A is the more southerly, and consists of a

31 in long exposure of Holocene alluvium bounded on the north and south

by much older, probably Pleistocene, calcareous gravelly sand. To the

north this calcareous unit forms a 35 in wide ridge which projects

slightly eastward into the river channel. Adjoining this ridge on the

north is Locus B, a second 35 in long inset of Holocene alluvium

containing archaeological materials. It has been cut by a small

tributary arroyo which flows into the locus from the west but turns

sharply south for a short distance before joining the river.

Immediately west of both loci is a 12 in high terrace, of which the

calcareous gravelly sand between the loci is a part. This terrace is

approximately 4 in lower in elevation than an second terrace some 40 in

farther west, and 10 in lower than the Whetstone surface approximately
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100 m farther west. Thus, at AZ EE:8:5 a flight of four terraces is

discernible. Both loci are contained within the lowest terrace, which

would presumably equate with Bryan's (1926) Aravaipa surface.

Vegetation of these terraces and along the San Pedro River are as

described for the Fairbarik Site vicinity.

Sayles apparently conducted only minor work at this site,

although it played a significant role in helping to define the

artifact assemblage of the San Pedro Stage (see Sayles and Antevs

1941, artifact frequency tables accompanying Pie. XV and XVI). There

are no records, published or archival, to suggest that Antevs studied

the site's stratigraphy.

1989 Investigations

When relocated in 1986, the West End Site appeared to have

changed very little over the intervening 50 years. San Pedro

projectile points were found at both loci, confirming that the site

was of Late Archaic age. Examination of the loci suggested that

little in the way of cultural deposits remained at either, and that in

all probability the two represented parts of what had once been a

single, more substantial site largely destroyed by the entrenchment of

the river in the late 19th century. Further, because of sapping at

the base of the exposures at both loci, it would be difficult to map

the deposits in their entirety. Therefore, it was decided simply to
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map single I m wide profiles at each locus, and to collect flotation

samples from the Late Archaic cultural deposit within those profiles.

Stratigraphy

Figure 6.5 presents the profiles recorded at each locus. At

Locus A a very weak and diffuse occupational horizon was found to

occur within a 0.90 ni thick brown clay with a fine-medium blocky-

subangular structure (Fig. 6.5a). Fire-cracked rocks, flaked and

ground stone artifacts, and small pieces of charcoal were found

dispersed through this clay, but were concentrated in the lower half

of the unit. A radiocarbon date of 2735 75 BP (AA-4810) was

obtained from this zone of dispersed cultural material. The clay

overlay a pinkish brown sandy clay quite similar in appearance to the

unit A clay at the Fairbank Site. Above the unit containing the

cultural material was a dark grayish brown clay with abundant

dispersed coarse sand approximately 0.45 ni in thickness. It was in

turn overlain by a 0.55 in thick clayey sand, and a 0.20 in thick

laminated silt capped the sequence. A weak organic soil horizon was

present atop the clayey sand. It is likely that this represents the

soil forming on the floodplain in the late 19th century, as identified

at the Fairbank Site, and that the overlying silt correlates to unit M

at the Fairbank Site.

Locus B presented fewer good exposures to profile; a short 1.5



Locus A

O.5m

O.5m

11111111

440,cQ
o

U

Locus B

Figure 6.5 Stratigraphic profiles f or Loci A and B at the West
End Site (AZ EE:8:5). See Figure 6.4 for key to unit symbols.
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m section is presented in Figure 6.5b. The basal unit here was sandy,

clayey gravel consisting of 2-20 cm long angular fragments of

porphyrytic igueous rock. Above it and separated by a 1-2 cm

gradational contact was a 0.70 m thick brown silty clay containing

abundant fire-cracked rocks, flakes, charcoal flecks, and pebble to

small cobble inclusions. Although not identifiable by color as a

cultural deposit, the artifacts and fire-cracked rocks within this

unit were far more abundant than they were in the comparable deposit

at Locus A. A radiocarbon date of 2675 +80 B? (AA-4811) from this

unit compares closely with the date from Locus A. Above the cultural

horizon was a 0.15 m thick coarse, gravelly sand, then a 0.35 m thick

brown sandy silt with a weak organic soil horizon developed on it, and

finally a laminated fine sandy silt which may originally have been

0.30-0.40 m thick. Again the soil and sandy silt correlate with the

late 19th century prior to entrenchment of the river.

The records at these two loci differ from that recorded at the

Fairbank Site primarily in that the West End Site was not located on

an alluvial fan. The brown clay that contains the artifacts at Locus

A appears instead to represent overbank floodplain alluvium. At Locus

B the cultural materials are also in a brown clay, but here they are

mixed with angular gravel colluvium derived from the lower slopes of

the high terrace to the west. As noted above only the western edge of

this site remains, but it was apparently positioned atop an eroded

surface developed on Pleistocene or earlier sediments that was
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initially slightly above the active floodplain of the San Pedro River.

Occupation of the site apparently continued with occasional overbank

floods, and abandonment probably occurred soon after overbank floods

began to inundate the surface with excessive frequency.

Flotation Analysis

The condition of the site and the limited extent of the

research at the West End Site precluded the discovery of features.

Flotation sampling was therefore limited to the general cultural

horizon as exposed where each locus was profiled. Table 6.2 presents

the results of the sample analysis. Maize cupules were recovered from

both loci, and small probable kernel fragments were present at Locus

B. Maize is the most abundant taxon in both samples, and the

fragmentary cupules appear to compare closely with those from the

Fairbank Site. Of the two samples, Locus B is the richer, also

containing columnar-celled seed coat fragments (probably representing

paloverde seeds), a fragment of a walnut shell, and a complete

manzanita nutlet. The presence of the manzanita nutlet is interesting

and potentially informative about population movements and foraging

practices. The nearest known modern occurrence of manzanita is in the

Dragoon or Mule mountains approximately 25-30 km east or southeast and

over 300 m higher in elevation. As noted previously, the paloverde

tree does not become abundant today until north of the town of

Cascabel in the San Pedro Valley or well into the Tucson Basin, both



Table 6.2

Archaeobotanical Identifications from AZ EE:8:5, the West End Site

Locus A LocusB LocusB LocusB
4860 ml 4820 ml Macro Macro Total

285

Total 62 73 2 1 138
(104) (145) (252)

CCSC - Columnar Celled Seed Coat Fragments

ZeaCupules

Zea Kernels

CCSC

Chenopod

Juglans Shell

Arctostaphylos
N u tiet

Mollugo

ci Descurainia

Unknown

13

22
(50)

2
(9)

1

24
(31)

19

3

36
(81)

2
(12)

I

(6)
12

(24)

2

1

32

3

58
(131)

4
(21)

2

1

1

I

(6)
36
(55)
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over 70 km distant from the site and approximately 300 m lower. These

plants thus testify to the use of other biotic communities at some

distance from the West End Site.

Chronometry

One maize cupule from each locus was submitted for TANS

radiocarbon dating. The results were:

Locus A 2735 + 75 BP (AA-4810)

Locus B 2675 +80 BP (AA-4811)

Although differing slightly from one another, these values

overlap within one standard deviation, and so may be viewed as

essentially contemporaneous. Further, both dates overlap the dates

from the lowest and middle occupational horizons exposed in Trench I

at the Fairbank Site at one standard deviation. This may suggest

partial contemporaneity between the two sites. The values are also

among the earliest direct dates on maize from southeastern Arizona and

the Southwest.

Summary

The West End Site expands the picture of early agriculture in

southeastern Arizona by providing an additional occurrence of maize in

association with San Pedro Late Archaic material culture. The two
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dates of approximately 2700 BP suggest that the site may be slightly

younger than the bulk of the occupation at the Fairbank Site, but

nonetheless still quite early. Although too little remains of the

site to allow any substantive statements regarding the type of site it

may have been, the similarity of the cultural deposit to that seen at

Fairbank and Milagro suggest that it too saw prolonged or intensive

occupation. Finally, the presence of the nonlocal taxa in the

macrobotanical assemblage allow some limited insights into the scale

of Late Archaic mobility.

The Charleston Site, AZ EE:8:11

Approximately 10 km south of Fairbank, Sayles and his

colleagues located another buried site of the San Pedro Stage exposed

at the confluence of the San Pedro River and Graveyard Gulch, a major

wash joining the river from the west (Fig. 6.1). A cultural deposit

up to 60 cm thick consisting of artifacts, fire-cracked rocks, ash,

and charcoal lay approximately 2 in below the adobe ruins of

Charleston, a once-important mill town for the Tombstone silver mines

in the 1880s. Exposures of this deposit on the north bank of

Graveyard Gulch and the west bank of the San Pedro River north of the

gulch were identified by Sayles in 1936 and 1938. Apparently only

minor work was done at the site before publication of The Cochise

Culture, for it does not figure prominently in the list of sites used

to define the San Pedro Stage. However, a fresh exposure in Graveyard
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Gulch created by heavy winter rains in 1940-41 attracted Sayles back

to the site for limited excavation. An exposed feature targeted for

investigation proved to be one of the first two domestic structures

known from the San Pedro Stage (Sayles 1945: 1, P1. Ia; see also 1983:

Fig. 10.1 left). Because of the depth of the cultural deposit below

the top of the vertical bank and its height above the floor of

Graveyard Gulch, excavation could only be done on a small scale using

ladders. The work accomplished by Sayles, however, demonstrated that

the Charleston Site was a large one with a thick, well-developed

cultural deposit, domestic structures, and perhaps other features.

In 1986 the site was revisited, and it was found that a

substantial part of it remained on the north bank of Graveyard Gulch,

with two additional, minor exposures on the west bank of the San Pedro

just downstream of the confluence of the two drainages (Fig. 6.6).

The intervening 50 years had apparently been marked by the deepening

of the San Pedro and Graveyard Gulch, for the cultural deposit was

found to be approximately 4 m above the floor of the gulch, accessible

only by climbing a steep talus slope. Standing at the top of the

talus slope, one could work with the cultural deposit for most of a 30

m long exposure, but access to the deposit along the easternmost 8-9 m

could only be gained with a ladder.
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1989 Investigations

The vertical position of the cultural deposit and its east-

west horizontal extent dictated a strategy of limited facing of the

north bank of Graveyard Gulch by hand. This task was accomplished by

chiseling a thin veneer of mud off the face of the bank with a folding

shovel to expose the full thickness of the cultural deposit from the

west bank of the San Pedro westward until the deposit disappeared. A

level line was then created with string and marked with flagging tape

at intervals of 2 m to provide vertical and horizontal mapping

control. Mapping and sampling were done with the aid of an extension

ladder, but access to the upper units was poor to nonexistent. For

example, the top of the bank and the contact between the upper two

units had to be mapped by extending a 2 inch by 2 inch board with a 50

m tape attached to its end over the top of the bank downwards to the

profile line at 2 m intervals. Figure 6.7 presents the 30 m long

exposure as mapped, with the exception of a 2.5 m wide, 4-5 m high

monolith of alluvium that was detached from the bank and poised to

fall.

Strati graphy

The cultural deposit was found to be a brown silty sand

containing ash, charcoal, fire-cracked rocks, and bone, averaging 20-

25 cm in thickness for 28 m of the profile. Punctuating the deposit
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at intervals were seven simple subhemispherical pit features and two

straight-sided pits, one of which (Feature 6 on Fig. 6.7) was

partially obscured by the monolith. The largest of the pit features

was 1.20 m in width by 0.60 in in depth (Feature 5), while the smallest

(Feature 3) was 0.35 in wide by 0.15 in deep. The structure excavated

by Sayles was not in evidence, suggesting that approximately 2 in of

this bank had been eroded away in the past 50 years. Radiocarbon

dating of samples from Features 2 and 8 yielded disparate values of

approximately 2300-2400 BP and 2500-2600 B?, respectively.

Below the cultural deposit and separated from it by a 1 cm

gradational contact was a gravelly sand filling what appeared to be a

40-70 cm deep channel; this is designated unit A2 on Figure 6.7. The

sand was well sorted and tended to be laminated in some places, but

also contained occasional large cobbles. As Figure 6.7 shows, this

channel fill varied somewhat in thickness and exposure over the length

of the profile. The present bank of Graveyard Gulch exposed this

channel in longitudinal section, so some of the variation in the

thickness of the deposit is probably due to the lack of a consistently

parallel relationship between the bearing of the modern arroyo and the

thaiweg of this ancient channel of Graveyard Gulch. The lower contact

of this unit is clear.

Below the A2 channel sand was a light brown fine sandy silt,

unit Al (Fig. 6.7). It contained occasional lenses of gravelly sand
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from 2-20 cm thick; these were laminated and well sorted, probably

representing small channels, perhaps in a braided stream. The unit as

a whole was at least 3 m thick near the east end of the profile, but

its lower contact was not observed. The sandy silt probably

represents overbank floodplain deposits of Graveyard Gulch, perhaps

with some input of sediment from the San Pedro River.

Above the cultural deposit and separated from it by a 1 cm

gradational contact was a light brown sandy silt, designated unit C on

Figure 6.7. Like unit Al, it displayed lenses of coarse sand to

pebble gravel, suggesting a depositional environment similar to that

described for unit Al.

A clear contact separated unit C from unit D, a 2-3 m thick

deposit of interbedded sand and silt with the former predominating.

The sands were often coarse and contained abundant pebbles and small

cobbles. Unit D gave the impression of being coarsely laminated, with

the silt beds and sand beds making up discrete laminae several

centimeters thick. As mentioned above, it was not possible to study

this unit very closely due to the difficulty of access to the upper

part of the bank.



Discussion of the Stratigraphy

Comparing this sequence to that presented by Sayles (1945: P1.

Ia), it would appear that his bed d corresponds with unit D; his bed c

includes both units C and the cultural deposit unit B; and his bed b

may correlate with either unit A2 or with both Al and A2. Sayles also

identified a second, deeper cultural deposit contained within a

"compact, coarse silt" which sounds similar to unit Al. However, no

evidence of this lower cultural deposit was observed in 1989; It may

be obscured beneath the accumulated talus, or it may have been

completely lost to erosion.

This tentative correlation is confounded to some extent by a

second profile published later (Sayles 1983: Fig. 10.1, left). In

this later view, three beds--e', e, and f--are recognized above the

cultural deposit, and the deposit itself receives a separate

designation, bed d. Bed f is described as a laminated silt, while

both beds e and e' are described as brown olenega silts, the later

containing ceramic period artifacts. These beds appear to represent a

subdivision of what was earlier (Sayles 1945) called bed d. Below the

cultural deposit in the later profile there appear beds c, b', b, and

a. No difference between the bed a deposits is apparent between the

two profiles, but bed b has been subdivided for reasons not made

explicit in the caption (Sayles 1983: Fig. 10.1, left). Bed cis

described as a consolidated, laminated, sandy silt, apparently
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identical with bed c as described in the 1945 report. In general the

same stratigraphic sequence seems to exist, but it has been more

finely divided than in the original version. The source of this

revision is not stated, and Anteva' involvement or lack of involvement

in the original work or in the revision is not mentioned.

Given that the position of the cultural deposit was between

2.8 and 3.2 m below the bank top in 1989 instead of about 2.1 m in

1941, and that the unit A2 channel sands visible in 1989 were not

identified in 1941, it would appear that there has been considerable

bank erosion in the nearly 50 years that have elapsed. Probably the

north bank where the site is located has been impacted by the channel

widening of Graveyard Gulch over this period; Emil Haury informs me

that Archaic cultural deposits were originally present on the south

bank of the gulch as well. In any event, it is suggested that the

profile recorded in 1989 is at least 2.75 m farther north than the one

investigated by Sayles in 1941. This figure is based on a plan view

map of Sayles' pit structure located in the Arizona State Museum

archives, showing that it was exposed fully by his excavations. Using

the scale on that map, the most northerly point of the structure shown

as a solid line is approximately 2.75 m in (north) from the bank face.

No trace of his excavations remained in 1989, but Haury was able to

confirm that the area examined on the north bank of Graveyard Gulch in

1989 coincided with the site of Sayles' work.



Flotation Analysis

Sediment samples were taken from several of the features, but

only those from Features 2, 5, and 8 (see Fig. 6.7 for locations) were

analyzed. Table 6.3 presents the results of this study. Maize

cupules were present in all three samples, although in small numbers.

All were broken and eroded, but appeared comparable to those recovered

from the Fairbarik Site and the West End Site. However, the most

numerically abundant taxon present was columnar-celled seed coat

fragments from legume seeds, probably paloverde. Other taxa present

in all three samples include chenopod or amaranth (chenoam) seeds and

cotyledon fragments, probably from legumes. Rounding out the

inventory are grass caryopses, a Portulaca seed, a Cyperaceae achene,

chenopod seeds and seed coat fragments, and 15 probable mesquite

seeds.

These flotation data demonstrate that maize agriculture was

being practiced by the occupants of this site, and further show great

similarity to the records from both the Fairbank Site and the West End

Site. The consistency of the flotation results from the three sites

suggests a fairly similar dietary pattern during the Late Archaic

period in the San Pedro Valley.

296



Table 6.3

Arctiaeobotanical Identifications from AZ EE:8: 11,
the Charleston Site

(1145) (7840) (259) (9244)

CSC - Columnar Celled Seed Coat Fragments

297

Feat. 2
S1OL1

3120 ml

Feat. 5
SIOLI

1580 ml

Feat. 8
S1OLI

ml.3200 Total

ZeaCupules 8 2 2 12

CSC 20 271 32 323

(152) (6628k) (95) (6875)

cf. Prosopis 15 15

Chenopod 5 5

Chenopod Seed 13

Coat Frags. (299+) (299)
henoams 6 20 10 36

(60) (860) (73) (993)

Gramineae 4 4
(220) (220)

cf. Sporobolus 1 1

(23) (23)

Cyperaceae 1 1

Achene

cf. Salvia Nutlet 1 1

Portulaca 1 1

Legume 1 1

Legume Coty-

ledon Frags.

4 2 1 7

Unknowns 208 11 18 237

(582) (128) (81) (791)

Total 277 310 70 657



Chronometry

Two maize cupules were selected from Features 2 and 8 for TAMS

radiocarbon dating. These were the values obtained:

Feature 2 2365 + 75 BP AA-4808

Feature 8 2565 + 75 BP AA-4809

These dates are somewhat younger than those from either the

Fairbank Site or the West End Sites, and further, these two values do

not overlap at one standard deviation. The Feature 2 date is

significantly younger than those from the Fairbank Site or the West

End Site; the Feature 8 date, however, is nearly identical to that of

the upper occupation horizon in Trench 1 at the Fairbank Site.

Despite the differences between the two Charleston Site dates, it

seems that as a whole the site is slightly younger than the two other

Late Archaic sites investigated on the San Pedro River.

Summary

This limited work demonstrates that the Charleston Site is

another example of an intensively occupied locus marked by a thick,

highly organic cultural deposit. While of limited extent today, there

are reasons to believe that the site was formerly more extensive, and

that probably only the northern and northwestern edges of it now
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remain. The presence of the one domestic structure excavated by

Sayles, arid the recovery of maize from the three sampled pit features,

link this site closely to the Fairbank Site and Milagro in terms of

site type.

Ironically, the stratigraphic record now exposed at Charleston

could be argued to better fit Antevs' Fairbank Drought, given the

presence of the cultural deposit atop a clear channel deposit (unit

B). However, this situation can be as well explained by channel

dynamics such as braiding and frequent avulsion on an aggrading

floodplain as it can by arroyo cutting and filling during a "drought."

This is particularly true given that in 1941 Sayles found no channel

sediments underlying the cultural deposit in this same locality,

suggesting that the channel was riot very large.

It may also be significant that the Charleston Site was

founded not on an eroded surface of a much older geological unit, but

instead upon an accumulation of what are undated but presumably late

Holocene sediments. This fact, coupled with the slightly younger

radiocarbon dates, suggest that the Charleston Site was occupied

perhaps 300 or more years after the Sari Pedro River shifted to a mode

of aggradation. This assumes that the dates of approximately 2800 BP

obtained from the Fairbank Site approximate the onset of aggradation

along the river. It would be interesting in the future to attempt to

determine how far below the cultural deposit the valley had been
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eroded at Charleston, and whether any older cultural deposits such as

the one noted by Sayles exist between the local precultural sediments

arid the Late Archaic deposit.

Discussion

These brief reinvestigations of the Fairbank Site, the West

End Site, and the Charleston Site have served to demonstrate that

maize agriculture was being practiced on the San Pedro River during

the Late Archaic period. Further, this evidence of agriculture comes

from sociocultural contexts similar to that documented at Milagro in

the Tucson Basin. In short, these sites all appear to represent a

pattern of preceramic residential settlements in both the Santa Cruz

and Sari Pedro drainages dependent upon agriculture for at least part

of their subsistence.

The presence of two such major sites--Fairbank arid Charleston-

-along this reach of the San Pedro River hints at a relative abundance

of Late Archaic agricultural settlements in southeastern Arizona. It

must also be remembered that the San Pedro River has not been

systematically surveyed for buried archaeological sites, so

understanding of the distribution of Late Archaic villages is

incomplete. At least one other site, AZ EE:4:1 in the vicinity of St

David (Sayles 1983, Fig. 6.2, site 1), is probably another example of

such a site; it remains undated and the presence of cultigens has not
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been verified, but it has produced San Pedro artifacts, pit features,

and at least one burial from a thick, organic midden deposit formerly

of impressive extent (Arizona State Museum Additional Site Information

files). A visit to the site in 1987 revealed that only a small

portion of it remained. Cattanach (1966) has also reported a Late

Archaic site (AZ EE:8:7) with diagnostic San Pedro artifacts exposed

in both burled (arroyo bank) arid surface (adjacent terrace tread)

contexts along a large arroyo approximately 200 m north of the West

End Site. When revisited in 1989 no buried cultural deposit was found

at this site, presumably due to continuing erosional widening of the

arroyo channel. These discoveries appear to indicate rather intensive

use of this reach of the San Pedro River. The possibility that other

such sites exist south of AZ EE:4:1 and north of the Fairbank Site,

and between the Fairbarik and Charleston sites, should be examined.

Site Location and Agriculture

At both Fairbank and Charleston there are physiographic

features that may help explain why agriculturalists would choose to

settle in those locations. In both cases the sites are positioned

within a short distance of the confluence of major tributary streams

with the San Pedro. At Fairbank, Babocomari Creek joins the river

from the west only 150 m to the south of the site, and Walnut Gulch

flows into the river from the east approximately 200 m farther south;

at Charleston, Graveyard Gulch meets the river right at the site.
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Further, the San Pedro exhibits relatively broad floodplains in the

areas of both sites. At Charleston the river has meandered across a

500 m wide floodplain within the Holocene, after emerging from an area

of flow confined by low bedrock hills to the south and before again

being constricted by hills immediately to the north. A much longer

and broader reach of floodplain is present at Fairbank, where both

Babocomari Creek and Walnut Gulch have created a 1500-1800 m wide

floodplain. Cooke and Reeves (1976: 93) noted that the presence of

bedrock at or near both sites should act to maintain relatively high

water tables, another point of importance for agriculturalists

concerned with water availability for cultivation. It is possible

that the co-occurrence of broad floodplains and tributary confluences

could serve as predictors for the presence of Late Archaic village

sites on this stream and others. In the Tucson Basin the buried Late

Archaic habitation site identified under the remains of Mission San

Agustin (AZ BB:13:6) (Elson and Doelle 1987) fits these same criteria:

it is located just north of the confluence of the Westside Barranca or

branch of the Santa Cruz with the main channel of that stream, at the

foot of A Mountain, where the Holocerie floodplain is approximately

500-700 m wide. The channel is constricted on the west by A Mountain,

but broadens quickly immediately to the north. Milagro, although not

far upstream from the confluence of Agua Caliente Wash with Tanque

Verde Creek, does not fit the pattern very well. However, the

Holocerie floodplain of Tanque Verde Creek is wide in this area, and

there are artesian springs nearby. In all cases optimal conditions



for agriculture should have existed, if the main stream was either

slowly aggrading its floodplain or in a state of equilibrium.

Indications of Late Archaic Mobility

The Fairbank Site, the Charleston Site, and the West End Site

all provide some intriguing glimpses of Late Archaic diet and

mobility. At all three flotation analysis revealed abundant remains

of columnar-celled seed coat fragments, definitely from legume seeds,

and most probably from paloverde seeds. As noted, this Sorioran Desert

tree does not exist in the vicinity of these sites today, and in order

to procure it a trip of 70 km or more would now be necessary. Its

relative abundance in the flotation samples suggests that it was of

major economic importance in the Late Archaic diet, further implying

that sigrificant effort was expended to obtain large amounts of this

food. Paloverde seeds have excellent storage properties--available in

large quantities, and possessing a very hard, nearly impervious seed

coat--that may well have made it attractive. Finally, it is available

in late May-June, making it one of the first seed crops to appear in

the spring before the summer rains commence. It could therefore fill

the need for a bulk food to span the time between the dregs of food

stored at the end of the previous summer and the maturation of the

various summer seed crops. From the West End Site a single manzanita

nutlet was recovered, suggesting use of interior chaparral or oak

woodland communities 25-30 km distant from the site today. While it
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does not seem likely that this species was a major dietary staple, it

also comes into production in late May-early June. If food stress did

occur for these Late Archaic people, the late spring and early summer

may have been the time when it was most likely. It may be postulated,

then, that this was one time of year when the habitation sites were

abandoned for at least short periods of time by most of their

residents who went in search of wild foods to tide them through until

later in the summer when environmental productivity reached a peak.

Despite the fact that Milagro is within the Sonoran Desert, it is

interesting to note the presence of both paloverde and manzanita there

as well. The occurrence of probable paloverde seed coat fragments

there is not unexpected, because it is locally available, but again

the procurement of manzanita must entail movement.

The Fairbank Drought

There is no convincing evidence for the existence of Antev's

Fairbank Drought at any of the three sites along the San Pedro River.

As discussed previously, there Is no depositional hiatus discernible

at the Fairbank Site that would correspond witthe site having been

occupied during a "drought" unless it is the contact between the basal

pinkish gray clay (unit A) and the basal cultural deposit (unit B).

This erosional contact may be as much as a few thousand years earlier

than the Late Archaic occupation. Further, Trench I at Fairbank

illustrates that the occupation of the site occurred during on-going
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fan aggradation, a condition inconsistent with the postulated

entrenched condition of the stream. In addition, the coarse nature of

the deposits at this site is a product of their being part of a fan,

not the fill of an arroyo. The geological data from the West End Site

suggest that occupation of that site occurred under conditions of

floodplain aggradation by occasional overbarik floods from the San

Pedro River. At Charleston there is a clear channel deposit

underlying the cultural deposit, but this does not necessarily reflect

anything more than the position of a channel of Graveyard Gulch.

Elsewhere in the San Pedro Valley, Haynes (1987) identified

one minor cut and fill event on Curry Draw at Murray Springs at

approximately 2700-2800 BP; this is the G2a2/G2a3 contact within the

Hargis Ranch Member of the Esoapule Ranch Formation. It would appear

to be too minor an event to qualify as the Fairbank Drought, at least

as that event was envisioned by Antevs.

Is there evidence to support the Fairbank Drought in the

stratigraphic records from other valleys in southeastern Arizona? A

long record from the Cienega Valley was reported by Cooley (1958; Eddy

and Cooley 1983). He identified a major erosional episode prior to

approximately 2000 BC, followed by the rapid deposition of alluvium

within the eroded valley that had developed along Cienega Creek. This

deposition occurred in nearly unbroken fashion until sometime between

AD 1100 and 1300, when an arroyo out and fill event occurred. Major
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Late Archaic arid some younger Hohokam sites can be found positioned on

an eroded surface of reddish brown clayey silt to coarse cobble

gravel; a well-developed paleosol marked by an argillic horizon and an

underlying Stage 2 carbonate horizon is present on this unit. These

archaeological sites can be found along a gradually rising slope from

the center of the Cieriega Creek Valley where the channel of the creek

has entrenched itself southeastward up the Matty Canyon arroyo. The

radiocarbon dating is somewhat problematic due to discrepancies

between early University of Arizona solid carbon dates arid Shell

Development Laboratory CO2 gas dates, but the earliest site, with a

gas date of 2800 + 190 BP (Sh-5356), lies on the eroded surface at the

base of the channel of Cieriega Creek. At AZ EE:2:30, some 1100 m to

the southeast and higher up on the slope, two recent wood charcoal

dates of 2400 + 90 B? (A-4200) and 2380 90 B? (A-4201) have been

obtained. Approximately 400 m further west and slightly higher lies

AZ EE:2:10, an early ceramic period site (Eddy and Cooley 1983: 23-24;

Huckell and others 1987: 295). It has not been directly dated, but

probably was occupied during the early centuries AD. Thi8 trend of

decreasing age with increasing elevation on the eroded surface

suggests the continued aggradation of the basin from 2800 BP onward,

and indeed, the long alluvial record exposed at section MC-5 (now

known to be atop another Late Archaic site, AZ EE:2:137) shows channel

sand and peat deposits atop the archaeology (Eddy and Cooley 1983: 51-

52). The absence of any detectable cut and fill sequences between



2800 BP and perhaps 1700 BP again suggests that no evidence of a

Fairbank Drought is present in the Cienega Valley.

In the Tucson Basin portion of the Santa Cruz River Valley,

studies of the alluvium exposed in arroyos have revealed that prior to

approximately 3000 BP the southern part of the basin saw the

deposition of poorly sorted, reddish brown silty sand derived from the

piedmont slopes of the surrounding mountain ranges. This unit,

designated B2 by Haynes and Huckell (1986), is known to contain Middle

Archaic archaeological sites and features with dates older than 4000

B?. Overlying it in most places are deposits of riverine silts and

sands, representing the aggrading floodplain of the Santa Cruz. These

sediments override unit B and are designated unit C by Haynes and

Huckell (1986). The lower member, unit Cl, contains Late Archaic

archaeological sites, with some features excavated from the contact

between units B2 and Cl down into B2. The youngest dates on unit Cl

are approximately 2000-2100 BP at the upper part of the unit; no

stratigraphic breaks within the unit have been noted. This

relationship suggests slopewash accumulation along the margins of an

entrenched stream system prior to 3000 years ago, followed by a shift

to aggradation and overbank floodplain deposition by the Santa Cruz.

Waters' (1988) work at San Xavier showed that channel and cienega

deposition were occurring at that locale between approximately 4000 5?

and 2500 B?. A different story is told by the alluvial record in the

northern Tucson Basin near the confluence of the Canada del Oro Wash
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with the Santa Cruz River. Here there is no evidence of a change in

deposition over the middle to late Holooene; overbank silty to clayey

fine sand seems to have been deposited in this area for at least the

last 4300 years, based on work at AZ AA:12:111. Here two

stratigraphical].y separate deposits were found in a sewer trench, with

the lower dating to approximately 4200 BP and the upper to 2700-2900

B? (B. Huokell 1984b). No depositional change was evident between the

two deposits, which should span the B2-C1 time range. In summary,

there appears to be no evidence to support the Fairbank Drought in

this portion of the Santa Cruz basin.

While these data cannot be used to completely refute the

existence of the Fairbank Drought, they certainly call into question

its existence. The more critical questions are whether a regionally

significant climatic period of increased aridity occurred during the

Late Archaic period, and whether cut and fill events can be

isomorphically correlated to "droughts." The records from the three

sites in the San Pedro Valley, from the Cienega Valley, and the Santa

Cruz Valley suggests that slow floodplain aggradation without

significant breaks was occurring during the Late Archaic period. If a

period of increased aridity occurred, it does not appear to have left

its mark in the stratigraphic record of the behavior of the streams in

these basins.



CHAPTER 7

EVALUATING EARLY AGRICULTURE IN SOUTHEASTERN ARIZONA

The archaeological evidence from Milagro, Fairbank,

Charleston, and the West End Site show8 that by at least 2800 BP

agriculture was present in southeastern Arizona. Moreover, the

consistent recovery of maize in the flotation samples from intensively

occupied sites located adjacent to prime agricultural lands, allows

the inference that maize agriculture was by that time already an

important, probably critical component in a mixed farming-hunting-

gathering economy. Further, this adaptation was already apparently

widespread in the arid-semiarid Santa Cruz, San Pedro, and probably

the Sulphur Spring valleys at this time, and was associated with a

consistent, Late Archaic (San Pedro stage Cochise Culture) suite of

material culture arid architectural attributes. Based on these data,

this earliest occurrence of agriculture in the archaeological record

of southeastern Arizona appears to represent a surprisingly advanced

stage in the transition from hunting and gathering to agriculture.

This information has important implications for understanding

the nature of Late Archaic subsistence economies in this region, the

process by which agriculture reached this area, and the adoption of
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agriculture throughout the Southwestern United States. The following

sections attempt to sununarize the nature of Late Archaic subsistence

and settlement patterns in southeastern Arizona from this as yet

sparse archaeological data base, and to examine the ways in which this

information affects the existing perception of the transition from

foraging to farming in this area and the Southwest as a whole.

The Arrival and Spread of Agriculture

Two of the questions posed in the first chapter concerned when

agriculture first appeared in southeastern Arizona, and how rapidly it

spread across this area and the American Southwest. The first

question can best be addressed with radiocarbon dates obtained from

carbonized maize from the deposits at the four Late Archaic sites

investigated in this study, as well as from other recently

investigated sites. By comparing these dates to values obtained from

cultigens found in other preceramic contexts in the Southwest, the

second question concerning the rapidity of the spread of agriculture

can be approached

Chronometry of Maize in Southeastern Arizona

The TAMS radiocarbon assays on maize from Milagro, Fairbank,

Charleston, and West End can now be added to the growing list of

directly dated early Southwestern cultigens. Figure 7.1 presents
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all the available assays from southeastern Arizona that are older than

2300 B?, expressed in radiocarbon years before present. Each date is

shown as a dot for the mean value on a bar representing the 95 percent

confidence level (2 sigma). The two earliest values from the Fairbank

Site and the single date from Milagro are centered at approximately

2800 B? with rather large ranges at the 95 percent confidence

interval. The two dates from the West End Site are only slightly

younger than this first group, and at the 95 percent confidence level

largely or completely overlap with them. The dates from the

Charleston Site and the upper occupational horizon at the Fairbank

Site are noticeably younger. Their calibrated age ranges show less

than 50 percent overlap with those from the West End Site, Milagro,

and the lower two occupation horizons at the Fairbank Site.

Other early direct dates are available from sites in this

region. Two dates on maize have been obtained from the Cortaro Fan

Site reported by Roth (1989): 2790 + 60 B? (AA-2782) and 2595 + 70 BP

(AA-2783). The older value is virtually identical to the Milagro

date, and the younger one matches the date obtained from the upper

occupational horizon at the Fairbank Site. However, Roth also dated

mesquite charcoal from the same pit features which yielded the maize,

and curiously the maize dates are significantly older. A value of

2270 + 50 B? (A-4728) was obtained from the same feature as the 2790

B? date, while a charcoal date of 2290 + 240 B? (A-4727) was

associated with the 2595 BP date. Such discrepancies are not readily
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explainable by conventional arguments such as "old wood," but might

conceivably represent older carbonized maize from an earlier

occupation of the site which was incorporated into the fill of a

younger pit. This site does have San Pedro points, and the maize

dates £ it with those from Milagro, Fairbank, and the West End Site.

The other date is from the Tumamoc Hill Site (P. Fish and others 1986)

arid as noted in Chapter 4, this is but one of three maize dates from

the site; the other two are significantly younger. This date has a

large standard deviation, perhaps in part due to the fact that it was

among the earliest assays made on the Arizona accelerator.

Finally, it should be mentioned that two mesquite wood

charcoal dates from the buried Late Archaic component at AZ BB:13:6 at

the foot of "A" Mountain in the Tucson Basin strongly suggest that

maize at this site may be comparably early. These charcoal dates were

2770 90 B? (Beta-29706) and 2740 160 B? (Beta-29705). None of the

maize from this site has yet been dated.

Chronometry of Cultigens in the Southwest

How do the southeastern Arizona radiocarbon dates compare with

assays on cultigens obtained from other Late Archaic sites in the

Southwest? Figure 7.2 presents published direct dates on cultigens

of 2500 B? or earlier from sites in southeastern Arizona, Bat Cave,

Tornillo Shelter, Fresnal Shelter, and the Chaco Canyon area. Each



Southeastern Arizona

Charleston i 2565 a 75 AA-4809

Cortaro Fan 2595 * 10 AA-2783

Fairbanic u 2595 a 75 AA-4.459

AZ EE:8:5b I 2675 * 80 AA-4811

AZ EESrSa I - -i 2135 ± 75 AA-4810

Milagro I 2780 * 90 AA-1074

Cortaro Fan I 2790 * 60 AA-2782

Fairbank I I 2800 *140 AA4458

Fairbank I I 2815 a 80 AA-4457

I I I I I I I I I I

Radiocarbon years BP

Figure 7.2 Radiocarbon dates on cultigens from various sites in the
Southwest.

314

Date

2540 a 200 A-3070

2720 a 265 UGa-4179

2900*230 k3388

3115 a 240 GX-12720

2830 * 90 A-4182

2690* 90 A-4185

2780 a 90 A-4166

2980 * 120 A-4186

3010 * 150 A-4167

3060±110 A-4189

3120 * 70 A41B8

I I I I

Fresnal Shelter

L.A 16091

Sheep Cimp Shelt.r

Tornilto Shelter

But Cave
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date is plotted as a mean value with a bar marking its associated two

sigma (95 % confidence level) range; all dates are in radiocarbon

years before present, uncorrected.

Five dates--three from Bat Cave, one each from Torriillo

Shelter and Sheep Camp Shelter--have means which predate the

southeastern Arizona dates from the Fairbank Site, Milagro, and the

Cortaro Fan Site by approximately 100-350 years. However, in all but

one instance (A-4188 from Bat Cave), these values show significant

overlap with the southeastern Arizona dates at two sigma. In most

cases this is due to the larger standard deviations associated with

the Bat Cave, Sheep Camp Shelter, and LA 18091 accelerator dates, and

with the conventional date from Tornillo Shelter. Bat Cave (Wills

1988a: Table 18) has the largest series of direct dates from a single

Late Archaic site. The oldest date from the site--3740 70 BP, A-

4187--is not shown on Figure 7.2 in keeping with Wills' (1988a: 126)

argument that it may be in error due to having been treated with an

unknown preservative after recovery during Dick's 1948-1950

excavations. In addition, Wills indicated that samples A-4185, A-

4188, and A-4189 were also treated with preservative. These samples

are included in Figure 7.2, arid are two of the four earliest dates

from the site. The question might be raised whether these values are

also slightly too old, although they are not as obviously different

from the other pre-2500 B? values as sample A-4187. Wills accepts

these other three dates as accurate. Although noting that dates on



316

cultigens from the preceramic levels at the site range from

approximately 3200-2100 BP, Wills (1988a: 118) suggests that the Late

Archaic occupation there was most intensive between approximately 2800

and 2200 BP. There are thus indications that direct dates on the

maize in Bat Cave may be one to three centuries older than the oldest

direct assays yet obtained on maize from sites in southeastern Arizona

if the earliest dates are accurate.

It should be emphasized that Figure 7.2 does not show the

large series of direct dates from Three Fir Shelter, six of which

predate 2500 BP, and three of which are older than 2800 BP. The

latter three include dates of 2840 780 B? (Beta-15937), 2880 + 140

BP (Beta-26271), and 3610 +170 BP (Beta-27275) (Smiley and Parry

1990: Table 1)). 01 these Beta-27275 and 26271 are on maize, while

Beta-15937 is on an unspecified annual plant. The oldest value does

not overlap the next oldest date from the site at two sigma, and so is

an outlier in terms of present knowledge of the distribution of dates

from the site. Given that a large number of dates (18, 10 on maize, 7

on annual plants, and I on charcoal) fall between 2600 and 2000 BP,

one might question whether that 3610 B? assay is reliable. Further,

the 2880 date just barely overlaps the fourth oldest date of 2590 + 60

B? (Beta-15940) at the 95 percent confidence level, and the 780 year

standard deviation associated with the 2840 BP makes it difficult to

have much confidence in its accuracy. Smiley and Parry (1990) accept

these values as representing the true ages of the dated specimens.
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Detailed descriptions of these dates and their stratigraphic contexts

have not yet been fully published, and so it is difficult to fully

assess the significance of the pre-2000 B? values. However, without

question the site fits comfortabiby into the regional pattern of early

agriculture along with Bat Cave, Fairbank, Milagro, and Tornillo

Shelter.

From the data presented in Figure 7.2 it is possible to

conclude that by approximately 2800 B? some form of agriculture was

being practiced from the Mexican border north almost to the southern

borders of Colorado and Utah. Although the dates from Bat Cave may be

as much as 350 years older than those from southeastern Arizona if one

compares only their means, the dates are not so markedly distinct if

their ranges are compared at the two sigma level, with the exception

of one date. The same is true for the other early values from

Tornillo Shelter and Sheep Camp Shelter. As yet a relatively small

number of direct dates are available, and as this data set grows it

may be expected that the patterns identified today will be subject to

change. With this caveat in mind, it is suggested that at present

maize in the Mogollon highlands and on the Colorado Plateau is not

markedly earlier than maize from the arid and semiarid lowlands of

southeastern Arizona and southern New Mexico. Further, the similarity

of the earliest dates suggest that maize appears to have spread

remarkably quickly across Arizona and New Mexico on a north-south

axis.
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The spread of agriculture from its Mesoamerican center of

domestication northward to the American Southwest may also be more

rapid than previously believed. The earliest maize from the Tehuacan

Caves investigated by MacNeish has long been believed to be

approximately 7500 years old, based on assays of wood charcoal thought

to be associated with the maize (Mangelsdorf and others 1964).

However, a dozen specimens of this maize from San Marcos Cave arid

Coxcatlan Cave have recently been directly dated using AMS technology;

the resulting values suggest that none of these specimens are older

than approximately 4700 years (Long and others 1989). Assuming that

these dates reflect the true age of this earliest known, fully

domesticated maize (see Benz and Iltis 1990), it now appears that

maize arrives in southeastern Arizona some 1900-2000 years after its

initial appearance in the Tehuacan region. Tehuacan lies slightly

over 2000 km south of Tucson on a direct line, suggesting that an

average rate of spread for agriculture northward may have been

approximately 1 km per year. This rate of spread is over twice as

fast as a rate based on the previously accepted 7500 BP age for the

Tehuacan maize.

Environmental Factors in the Transition to Agriculture

Another of the questions posed at the beginning of this study

was under what environmental conditions the transition to agriculture

occurred in southeastern Arizona. This question has been addressed at
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the level of the climatic regime of southeastern Arizona as it has

existed over the last 100 years and over the late Holocene, and has

also been investigated in terms of the proposed climatic aberration

known as the Fairbank Drought. As discussed in Chapter 6, the

evidence for the Fairbank Drought, at least as manifested in the

alluvial stratigraphic record, is weak at best. The following

sections summarize the climatic data and identify their implications

for the transition, discuss the stratigraphic data and their

importance, and consider the ecology of early cultigeris.

Climatic Variation, Environmental Productivity, and Agriculture

The environment of southeastern Arizona is characterized by

great physiographic and biotic diversity; basin and range topography

supports six major biotic communities, and two major rivers and their

tributaries offer water, riparian communities, and arable floodplains.

A wide range of edible plants whose time and place of availability are

predictable are found in these communities, as is a varied fauna.

There can be no doubt that this arid-semiarid region offers both

hunter-gatherers and agriculturalists most if not all of the resources

they might need. However, it is not the bounty but the inconstancy of

that bounty that must be considered.

An important key to understanding the transition from hunting

and gathering to mixed farming and foraging is the dynamics of the
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environment of southeastern Arizona. As documented in Chapter 2, the

kinds, magnitude, and frequency of fluctuations in temperature and

precipitation impose constraints on environmental production. From

the standpoint of subsistence, it is probably the droughts and

catastrophic freezes which would have had the greatest impact on human

foragers. Use of the Palmer Drought Severity Index (PDSI) for the

months of May and September over the period of historic record (1895-

1986) reveals that severe droughts (PDSI > -3.0) recur in southeastern

Arizona every 6-8 years, but with an associated variance of 8-10

years. The droughts may be seasonal (winter or summer) or year-long

(winter and summer of the same year, or winter of one year and summer

of the next), and can extend for one, two, or three consecutive

seasons or years. Their recurrence is unpredictable, as the variance

demonstrates. Studies by plant ecologists have shown that the

production of annual plants is highly correlated to seasonal

precipitation, and that the actual variability in plant production may

be 1.5 times the variability in precipitation. Thus, the impact of a

drought during which only 50 percent of the mean seasonal total is

received could be reflected by a 50-75 percent reduction in seasonal

annual plant production. The correlation between the productivity of

perennial plant species and seasonal or annual precipitation is lower,

but for those species lacking water storage adaptations or access to

the water table drought can clearly reduce production.
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Catastrophic freezes may recur about every 12-13 years, with

an associated variance of 5-6 years. These freezes have been shown to

severely reduce the production of perennial plants by causing tissue

damage, including those species like mesquite, cacti, and agave which

are less susceptible to fluctuations in precipitation. Reduction in

the availability of annual and perennial plant foods would have

commensurate effects on animal populations. Human foragers might thus

experience subsistence stress at unpredictable, but on average at

least decadal, intervals. Similar ranges of variation in

precipitation and temperature are posited to have existed over the

last 3000-4000 years under the late Holocene climatic regime.

As stressed in Chapter 3, archaeological understanding of

preagricultural hunter-gatherers in southeastern Arizona is poor, so

there is little empirical data upon which to base reconstructions of

these adaptive systems. However, anthropological and ecological

theory offer some predictions for the general characteristics of such

systems within the context of an arid, stochastic environment such as

southeastern Arizona. Small group size and mobility were in all

likelihood the key tactics used to cope with fluctuating environmental

production of food. This was probably residentially organized rather

than logistically predicated mobility, and it may also have entailed

social mechanisms to permit individuals, families, or whole local

groups to have access to resources outside normal foraging ranges in

times of need. There is some evidence for high mobility during the
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Middle Archaic period. For example, many Middle Archaic sites in this

area show a small but significant percentage of artifacts and debitage

of obsidian from sources more than 200 km to the east, as documented

by Shackley (1989).

Redding (1988) identified intensification, storage, and

population control as tactics other than mobility which way have been

used by foragers to cope with fluctuations in environmental

production. Intensification, either in the form of broadening the

dietary range or attempting to increase production of certain species,

may have occurred; ethnographically known societies all appear to have

had several species regarded as edible but used principally in time of

need, and some groups tended certain nondomestic annual species to

increase their production (Steward 1933: 247-248). Storage of food

probably occurred, but to what extent is unclear; some key species

such as mesquite, agave, and various annuals like chenopods and

amaranths are available in quantity and their products possess good

storage characteristics. Still, no documented storage pits are known

from Middle Archaic sites in southeastern Arizona; storage on a scale

like that seen for the Late Archaic cannot be supported by present

evidence. Wills (1988a) has also noted the appearance of storage pits

in Bat Cave and Tularosa Cave during, but not before, the Late Archaic

period occupations at those sites. Finally, there are no data at

present to evaluate the existence of population limiting behavior by

preagricultural foragers.
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Environmental fluctuations have important implications for

another key element in several models of agricultural adoption by

Southwestern foragers: population pressure. As Keeley (1988) has

emphasized, population pressure is felt when human numbers exceed the

quantities of food available to them, but this situation can result

from either an increase in human numbers (population growth) or a

decrease in the food supply. Population growth has been argued to be

the principal source of population pressure in the preagricultural

Southwest (Hunter-Anderson 1986; Hard 1988; Wills 1988a), but its

existence is difficult to demonstrate archaeologically.

Given the environmental characteristics of the region, and

assuming that the tactics described above represent the principal

cultural options for coping with them, it seems probable that hunter-

gatherers of southeastern Arizona would have reached an equilibrium

adjustment of population with the carrying capacity of the area. This

equilibrium would probably have been dynamic to some extent, with

minor increases in population occurring over short duration cycles of

above average environmental production. However, this would have been

counterbalanced by the possibility of decreases in population caused

by decreased fertility and perhaps increased mortality during similar

cycles of reduced environmental production. Assuming that such

conditions prevailed over the last 3000-4000 years of the modern

climatic regime, it is difficult on ecological grounds to perceive how

significant population growth could occur, barring some technological
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or social innovation. Thus, the arguments for increased population in

this area are difficult to reconcile with the ecological evidence.

What can be stated is that preagricultural foraging populations were

faced with broad fluctuations in environmental production in both

temporal arid spatial terms which probably acted to maintain the kinds

of low human population densities reported for modern arid lands

hunter-gatherers (Hassan 1981; Keeley 1988).

It is therefore proposed that it may not be a change in

population numbers that is the critical potential contributor to the

transition to agriculture, but rather the periodic population pressure

caused by both predictable and unpredictable recurring declines in

environmental production. The addition of agricultural production

strategies to foraging subsistence systems would constitute a means to

dampen the impacts of these periodic downturns in environmental

production. That is, maize, beans, and squash would be added to the

diet as resources coming into fruition during the late summer or fall,

augmenting the food supply available from wild resources. Such an

expanded food supply, coupled with storage, could serve to help

populations cope with the predictable winter season of low

productivity and through the unpredictable seasonal arid annual

variations in wild resource production.

The productive potential offered by agriculture, arid maize

agriculture in particular, is considerable and could clearly help to
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mitigate the impacts of fluctuating environmental production of foods

in arid souteastern Arizona. In particular, eight advantages offered

by agricultural production strategies in this environment can be

listed:

Agriculture creates a resource predictable in time and

space which was not previously indigenous to the region.

Crops, in particular maize, produce abundant food with

excellent storage characteristics.

Unlike most wild resources, cultivated crops yield

proportionately increasing amounts of food with increasing labor

inputs.

Maize agriculture is done during the summer, when the

largest and most predictable portion of the annual precipitation

usually arrives.

As summer annuals, maize and other crops are not impacted

by catastrophic freezes or winter drought.

Cultivation of crops on the floodplain alluvium being

deposited by slowly aggrading streams allows access to moisture from

ground water and surface flow, potentially offering some buffer from

dependence upon precipitation alone.

Agriculture creates and maintains disturbed environments

preferred by other economically useful plants, thereby increasing

their abundance.



326

8. Agriculture may bring with it a new storage technology and

strategy, which may permit the intensification of storage of other

plant foods.

This is not to say that agriculture completely solved the

problems created by climatic and environmental fluctuations. Rather,

it helps to mitigate their impacts by offering a subsistence strategy

featuring plants dependent upon human tending. Their abundance,

growth, and yield is intimately linked to the amount of labor humans

choose to invest. They remain susceptible to catastrophes, and even

in what could be defined as a climatically optimal growing season

(i.e., precipitation significantly above the mean) they may yield

poorly because of floods or a superabundance of insect predators.

However, in such seasons wild plants are likely to yield amounts of

food significantly above the norm. It may be that agriculture pays

its greatest dividends in years of average or below average climatic

conditions when the productivity of wild resources is commensurately

average or lowered.

Stream Behavior and Agriculture

As discussed in Chapter 6, the stratigraphic contexts of

buried Late Archaic sites in the San Pedro, Cienega, and Santa Cruz

valleys indicate that these sites were occupied during a period when

the streams were actively aggradairig their floodplains. Moreover, the
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Fairbank, West End, Donaldson (AZ EE:2:30), and Los Ojitos (AZ

EE:2:137) sites were founded on erosional surfaces positioned near

what must have been at the time the edge of the active floodplain.

All were subsequently buried by either floodplain or fan sediments,

and at the Fairbank Site and the West End Site the occupations can be

shown to have continued during active aggradation.

Bryan (1941) observed that the condition of a stream system

was very important in determining the agricultural options for

Southwestern Indian floodplain agriculturalists. Stream entrenchment

creates deep, vertical-walled channels. Confinement of flow within

such trenched channels means that floods will not spread over the

floodplain, and that irrigation of the floodplain by canals or ditches

will be difficult if not impossible. Cultivation of crops on the

floodplain may then be dependent on direct rainfall alone, a risky

proposition in much of the arid-semiarid Southwest. It is possible to

farm in the floors of small arroyos with ephemeral flow, but risky

because of the possibility that floods within the channel will destroy

the crops. As discussed in Chapter 2, all of the stream systems in

southeastern Arizona experienced entrenchment prior to approximately

4500-5500 BP, with localized, perhaps regionally asynchronous cut and

fill events after the filling of these larger middle Holocerie

entrenched channels. In a degraded condition, the streams of this

area might present only limited opportunities for agriculture. It is

possible that the appearance of the Late Archaic residential sites
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represents a point in timeapproximately 2800-3000 BP--wherx these

entrenched channels had become filled and overbank floodplain

deposition had resumed.

This raises the question of whether the spread of agriculture

into the arid-semiarid portion of southeastern Arizona might be

intimately linked to the creation of suitable floodplain deposits

being built by streams with shallow channels. In short, was it only

at approximately 2800 B? that floodplain conditions made the San Pedro

and Santa Cruz drainages attractive and productive agricultural lands?

Or is it simply coincidence that the spread of agriculture reached

this region at this time? The question is significant, because

streams with eroded floodplains and entrenched channels could pose a

barrier to the spread of agriculture. This would be true for

societies already practicing agriculture, and for foraging societies

considering adopting agriculture. The question may have regional

significance for the Southwest as a whole if early agriculture was

primarily focused on floodplain cultivation. Currently available data

do not allow resolution of this question. Further research is needed

to establish more detailed alluvial stratigraphic chronologies of

stream behavior in southeastern Arizona, as well as to determine

whether agriculture was present in this area before 2800 BP.

328



Agroecology and the Transition to Agriculture

A related aspect of environmental conditions and the

transition to agriculture concerns the ecology of maize and other

early cultigens. The occurrence of maize at sites in southeastern

Arizona dating to approximately 2800 BP challenges previous assertions

that early maize agriculture was limited to upper elevation, mesic

environments in the Southwest. Although some might argue that the

recovery of cobs and kernels from valley floor habitation sites does

not necessarily mean that the maize was grown at these locations, the

recovery of maize pollen from nonsite alluvial contexts in the Cienega

Valley correlable to nearby buried Late Archaic sites (Schoenwetter

1960; Martin 1963) clearly documents the presence of floodplain fields

in the basins. Therefore, it is suggested that this early, many-

rowed, flint or popcorn commonly recovered from Late Archaic sites in

all parts of the Southwest and referred to as "pre-Chapalote,'t

"Chapalote.like,11 or "Chapalote series" could be successfully grown at

elevations at least as low as 750-800 m ASL. The presence of stalks,

husks, tassels, and other vegetative parts in the highland rockahelter

sites at elevations up to 2100 m ASL demonstrate that this early

cultivar could be successfully grown there as well. Thus, this early

maize appears to have had a fairly broad environmental tolerance which

enabled it to be productive under temperature and moisture conditions

in both the arid lowland and mesic highland Southwestern United

States (see Wills 1988a: 38 for a similar view). It is perhaps worth

329
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noting that modern Chapalote can be productively grown from 100 m ASL

to 2200 m ASL. but is most productive in the more arid lowlands of

Sonora and Sinaloa from 100-600 m ASL (Wellhausen and others 1952;

Galiriat 1985: 208). However, it should also be remembered that modern

Chapalote, whether a genetically related descendent of this early

Southwestern maize or not, has been subjected to 3000 years of

continued cultural and natural selection. Therefore, it is probably

best not to place too great a reliance on its morphologic traits or on

its ecology when discussing Late Archaic maize.

In retrospect, it is apparent that the inference of a

restricted growing environment for early maize was the product of a

biased sample of archaeological sites. Crop ecology was inferred

solely on the basis of rockahelter sites dug in the mountains. The

presence of maize in these sites, coupled with negative evidence for

maize from open sites in arid enviornments, gave rise to the inference

of environmental limitations for this cultigen. The persistence of

this view is all the more remarkable in view of the fact that most of

the evidence for the origins of agriculture in Mesoamerica came from

the arid-semiarid Tehuacan Valley in Mexico. The existence of a

broader environmental tolerance for early maize more easily explains

why it appears by at least 2800 BP in the Sonoran Desert of

southeastern Arizona, the Chihuahuan Desert of south central New

Mexico, the pine forests of the Mogollon highlands in west central New

Mexico, and the Great Basin Desert of northwestern New Mexico. The
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introduction of a plant species such as maize that could flourish

within the range of climatic conditions represented along this north-

south transect of the Southwest could truly have been a revolutionary

event, particularly given that its productivity was closely linked to

human tending. Further, the plasticity of maize has been remarked on

by many workers. As an annual dependent upon human care, it would not

require many generations of selective seed saving to produce varieties

more closely attuned to the growing conditions of particular regions

of the Southwest.

In addition to being adapted to a wide range of environmental

conditions, this early maize was a flint or popcorn characterized by a

hard, corrieous kernel endosperm that made it ideal for storage. It

would be less vulnerable to spoilage and insect damage than flour corn

(Doebley and Bohrer 1983: 34), and therefore could last a long while

with minimal damage while in storage. Particularly when stored in

thermally efficient, bell-shaped pits, it could be extremely

attractive to groups lacking abundant wild foods with good storage

characteristics.

Wills (1988a) and Ford (1984) have both argued that it is the

predictability of cultigens, rather than their productivity, that made

them attractive to Southwestern hunter-gatherers. There is no doubt

that predictability, both spatial and temporal, is an important

characteristic, but caution should be exercised in discussing the
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productivity of early maize and other cultigens. Few published

biological data are yet available on early maize from recent

excavations in Late Archaic contexts, and it is difficult to discuss

even such basic attributes as ear size range or kernel yield, average

number of ears per plant, or tillering propensities. Archaeological

data from the Tehuacan Valley caves excavated by t4acNeish suggest that

early maize probably was characterized by a main stalk and several

tillers, each capable of producing tassels and ears (Mangelsdorf 1974:

Fig. 7.8). This would suggest that despite the small size of the ears

produced by early maize, each plant might produce more ears and the

extra tassels could improve pollination, and therefore promote better

filling and maturation of the ears.

A recent study by Benz and Iltis (1990) demonstrates that

early maize cobs directly dated to approximately 4700 B? from San

Marcos and Coxcatlan caves in the Tehuacan Valley are morphologically

nearly identical to an extant maize cultivar, Argentine Popcorn. They

suggest that by analogy with this popcorn, early maize may have had up

to five tillers per plant, and each plant may have produced three ears

on average. W.L. Brown (1985: 227) has described Argentine Popcorn in

similar terms, but noted that from 12 to more than 20 ears (averaging

6-8 cm in length with 10-12 kernel rows) may be produced by a single

plant. Mangelsdorf (1974) has suggested that early maize was typified

by multiple stalks. How closely the Late Archaic maize from the

Southwest may have resembled the Tehuacan maize or Argentine Popcorn
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in morphology or productive potential is uncertain. The important

point is that predictability alone is not sufficient to mitigate the

impacts of fluctuations in wild resource production; to accomplish

this either a more productive maize cultivar or the devotion of

greater labor inputs in agriculture would be needed.

Previous studies by Minnis (1985) and Ford (1981) have modeled

Late Archaic agriculture as a low intensity, low cost strategy which

may have consisted simply of preparing a field, planting it, resuming

the seasonal moveetnents of hunting and gathering, and returning to it

in the fall to harvest whatever had survived to maturity. Such a

model is based on analogy with historic Western Apache agriculture.

The utility of this analogy, particularly given the importance of

raiding for foodstuffs as part of the Apache subsistence system (Basso

1971), is questionable. As Wills (1988a: 39-41) has suggested, low

intensity agriculture is unlikely to produce useful results,

particularly over the long term. The productivity of cultigens is

highly related to the care they receive, and by abandoning crops to

the vagaries of climatic variation, competition with other plants, and

predators this important linkage would be severed. In short, it is

difficult to perceive why maize and other domesticates would be

adopted but then treated like other wild seasonal annuals. At best a

strategy of indifferent cultivation such as this would not take

advantage of the productive potential of agriculture, and would result

in yields which would be as unpredictable in quantity and quality as



334

those of wild plants. At worst this strategy would, in years of more

hostile environmental conditions, result not only in small or no

yields but also in the loss of seed stock. Therefore, although

theoretically attractive as a mechanism to explain how agriculture

might be adopted by hunter-gatherers with minimal disruption of the

existing foraging pattern, the low-cost model is questionable on

ecological and practical grounds. It may be further questioned in

light of the archaeological evidence from southeastern Arizona, for

the existence of Late Archaic sites with residential and storage

structures whose fills consistently yield carbonized maize suggests a

less casual, more labor-intensive agriculture.

The response of early maize to more labor-intensive forms of

cultivation can be estimated. Kirkby (1973: 124, Fig. 48) has studied

the relationship between maize cob length and yield under traditional

agricultural practices in Oaxaca. Several critical assumptions are

involved in this procedure (Kirkby 1973: 127-128), and their fit with

agricultural practices in southeastern Arizona 3000 years ago are open

to question. Still, her work provides a basis for estimating the

productive potential of early maize. Wills (1988a: Fig. 26) shows

that average maize cob lengths from the 1948-1950 Bat Cave excavation

lowest two levels are between 7 and 8 cm. Kirkby's (1973: Fig. 48)

graph of maize yield by cob length suggests that maize with a mean cob

length of 7-8 cm could have yielded between 400 and 500 kg of dried

kernels per heotare. Such figures are considerably less than the
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2000-2800 kg produced by modern maize, but nonetheless represent

substantial productive potential. Obviously the amount of maize grown

and the care it receives are critical in determining yield, and these

are culturally based decisions. As will be discussed in the next

section, there is archaeological evidence to support the inference

that considerable labor was devoted to agriculture in southeastern

Arizona by 2800 BP.

Upon consideration of the apparently highly adaptable nature

of early maize, its storage characteristics, and either its productive

capabilities or intensive cultivation, it seems reasonable to view it

as a rather revolutionary addition to the diet of Southwestern

peoples rather than as a "monumental nonevent" as Minnis (1985a) has

previously suggested. This point may be better emphasized by turning

to the archaeological data from southeastern Arizona.

Late Archaic Adaptive Strategies

One of the principal questions of the research problem

outlined in the first chapter was how adaptive strategies changed with

the transition from hunting and gathering to a mixed economy of

farming and foraging. Investigations at the Late Archaic sites of

Milagro, Fairbank, Charleston, and to a lesser extent West End show

subsistence strategies and settlement characteristics that are

important departures from the predicted Middle Archaic adaptation to
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the study area. In order to present these differences and consider

their significance in detail, the following sections examine Late

Archaic subsistence and settlement characteristics as revealed by this

study.

Late Archaic Subsistence in Southeastern Arizona

Assessing the subsistence base of the Late Archaic inhabitants

of southeastern Arizona is difficult because of preservation problems

and the lack of good means to objectively measure the Importance of

particular foods. The paucity of faunal remains from Milagro

documented in Chapter 5, and at the other sites investigated in this

study, means that heavier reliance must be placed on the

archaeobotanical record to approach this Issue. Although Milagro has

produced a good archaeobotanical record, it Is the first such record

based on a comparatively large number of samples from different

features at a Late Archaic site in southeastern Arizona. This record

is therefore best viewed as a first look at some of the plant foods of

importance in the diet of Late Archaic populations In this area, and

It will be subject to additions and adjustments as more sites are

investigated. The archaeobotanical records obtained from the Fairbank

Site, the Charleston Site, and the West End Site augment this

examination, and other sites in the Santa Cruz and Cienega valleys

offer useful comparisons and contrasts.
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Table 7.1 presents presence or ubiquity values for each taxon

identified in the archaeobotanical assemblages from Milagro and the

three San Pedro Valley sites. Ubiquity values (see Minnie 1985b;

Popper 1988) are expressed as the percentage of samples containing

each taxori, and are ranked in general order of relative abundance.

Because a number of factors will determine what plants or plant parts

are ultimately represented in the archaeological record (Minnie 1985b:

103-106; Popper 1988)), these presence values cannot be isomorphically

equated to prehistoric dietary composition. For example, maize has a

large waste product--the cob--which can also be used as fuel, thereby

increasing its chances of being represented in the archaeobotanical

record. Other cultigens such as beans or squash lack Buch a waste

product, and their incorporation into the record may be dependent upon

accidents in preparation or cooking. Further, soft plant parts such

as leaves and stems eaten as greens have little chance of

carbonization and may thus be absent from the record regardless of

their importance in the diet. Nevertheless, if one assumes that

presence values provide at least a relative measure of the importance

of a particular plant taxon, some comparative statements can be made

about the composition of prehistoric diet.

Maize

As Table 7.1 indicates, maize is the single most abundant

taxon in the Milagro assemblage, with a ubiquity value of nearly 78
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Ubiquity Values for Plant Taxa at Milagro and Late Archaic Sites
in the San Pedro Valley
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Sample sizes: Milagro 27 samples
Fairbank 10 samples
Charleston 3 samples
AZ EE:8:5 Locus A 1 sample
AZ EE:8:5 Locus B 1 sample

Taxon Milagro Fairbank Charleston AZ EE:8:5A AZ EE:8:5B

Zea 77.78
62.96
40.74
25.93
11.11
48.15
25.93
3.70

3.70
3.70

90.00
100.00

50.00
60.00

60.00

10.00

10.00
10.00
30.00
10.00

100.00
100.00

66.70
100.00

100.00

100.00

33.30
33.30

33.30

33.30
33.30

100.00

100.00

100.00
100.00

100.00
100.00

CCSC
Aniaranthus

Chenopodium
Chenoam
Triantheina
Gramineae
Juglans
Arctostaphylos
Larrea
Leguminosae
Mollugo
Cyperaceae
Prosopis
Scirpus
Portulaca
Euphorbiaceae
Salvia
Unknown legume
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percent; it is also the only cultigeri as yet identified from this or

any other Late Archaic site in southeastern Arizona. While it is

likely that this figure overestimates the importance of maize in the

diet, it is nevertheless a very high value in relative terms. At the

Fairbank Site, nine of the 10 samples (90%) produced maize; the single

samples from each locus of the West End Site contained maize, and all

three samples analyzed from the Charleston Site yielded maize.

Cupules, glumes, and small cob fragments account for nearly all the

identified maize specimens; fragmentary kernels were recovered from

single samples at the Fairbank Site and Locus B of the West End Site.

Only two other Late Archaic sites in southern Arizona have

archaeobotanical records that can be compared to these sites. At the

Donaldson Site (AZ EE:2:30) in the Cienega Valley maize was present in

100 percent of 11 samples analyzed from nine features (L. Huckell

1989), and at AZ BB:13:6 in the Tucson Basin it was recovered from 91

percent of 11 samples from three features (Miksicek 1987). The

Donaldson Site is perhaps 400-500 years younger than Milagro or

Fairbank, with wood charcoal dates of approximately 2300-2400 BP. The

preceramic portion of AZ BB:13:6 may be contemporaneous with Milagro,

for two charcoal dates place its occupation at approximately 2700-2800

BP.

These ubiquity values are all quite high, particularly in

comparison to those reported from younger sites in southern Arizona.

For example, Gasser (1982) reports ubiquity values for maize at
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Hohokam sites on the Salt and Gila Rivers that range from a low of 8

percent to a high of 69 percent. Hohokam villages in the Tucson Basin

exhibit much the same range of values, from lows of approximately 17

percent up to a high of 67 percent (Gasser 1985; L. Huckell 1986;

Miksicek 1986a, 1986b). Obviously sampling approaches, the vagaries

of preservation, and sample processing and analytical practices may

contribute to differences among sites. The higher values from

Milagro, Fairbank, and other such sites do not prove greater reliance

on maize during the Late Archaic period, but are interesting in light

of archaeologists' unhesitating characterization of the Hohokam as an

agricultural people.

Columnar-Celled Seed Coat Fragments

The remaining taxa in Table 7.1 are all wild plants, showing

that gathered foods remained important. Second to maize in ubiquity

at Milagro are columnar-celled seed coat (CCSC) fragments; they

appeared in nearly 63 percent of the samples. As discussed in

Chapters 5 and 6 they closely match the structural configuration of

legume seed coats, and among the legumes are most like paloverde seeds

in terms of size. These CCSC fragments probably represent processing

residue from seed parching, grinding, or pounding, but the manner of

their production, along with a more definitive identification, must

await detailed experimentation arid study. At the Fairbank Site and at

the Charleston Site these CCSC fragments occurred in 100 percent of
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the samples; they were not identified from Locus A of the West End

Site, but were present at Locus B. Miksicek (1987) identified them in

27 percent of the samples from AZ BB:13:6 in the Tucson Basin, and

Lisa Huckell reported them from 100 percent of the Donaldson Site (AZ

EE:2:30) samples. Such high values argue that these legume seeds must

have been an important part of the Late Archaic diet. Further, as

discussed in Chapter 6, if the CCSC fragments do represent paloverde

seeds, the occupants of the Fairbank-Charleston area sites were

apparently willing to travel long distances to gather them in

quantity, or to obtain them by means of exchange, or that the

distribution of this species has changed considerably in the last

2500-3000 years.

Trianthema and Portulaca

Trianthema, or false purslane, is third in ubiquity at Milagro

with a value of approximately 45 percent. This small, fleshy herb is

one of a group of summer annuals which grow most prolifically in

disturbed habitats. In contrast to its abundance at Milagro, it was

not identified from any of the San Pedro Valley sites (Table 7.1).

Portulaca, or pursiarie, is another fleshy-leaved summer annual

which flourishes in naturally or culturally disturbed settings.

Although not identified from Milagro, it attained a ubiquity of 30



percent at Fairbank and was identified in one of the three samples

from Charleston (Table 7.1).

Chenopods and Amaranths

Amaranths, chenopods, and "chenoams" (a mixed category of

specimens lacking sufficiently diagnostic characteristics to be

classified as one or the other) are another prominent group of small-

seeded annuals. As shown in Table 7.1, at Milagro amaranth seeds have

a presence value of nearly 41 percent, chenopod seeds are present in

approximately 26 percent of the samples, and chenoams occur in 11

percent. If combined these chenopods and amaranths have a ubiquity

value of nearly 67 percent. Similar percentages can be documented at

the Fairbank Site and the Charleston Site, and chenopod seeds were

present in the samples from each locus of the West End Site. Like

Trianthema and Portulaca, chenopods and amaranths are frequently found

along stream courses on floodplains, and are also common in

agricultural fields. In years with favorable growing conditions they

can form dense stands. Nabhan (1983) reported that Pima and Papago

farmers commonly tolerate and make use of these plants in their

fields; they can provide greens when young and serve as seed sources

when older. Further, he has demonstrated that they can also serve as

host plants for beneficial insects and as some measure of protection

for growing crop plants, becoming a threat only when they are

sufficiently dense to begin to compete with the cultigens. Both
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Nabhan (1979) and Ford (1984) have described these wild plants as

important parts of anthropogenic communities created by agriculture,

and they may have been an extremely important food source for early

farmers.

Grasses

Grass caryopses have a ubiquity value of nearly 26 percent at

Milagro, and it is probable that multiple species are represented.

Sporobolus (dropseed) caryopses were tentatively identified at the

Fairbank Site and at the Charleston Site. They occurred in 60 percent

of the Fairbank Site samples, and in all three of the Charleston Site

samples (Table 7.1). While some may represent caryopses derived

incidentally from the use of grass stems for storage pit linings or

structural purposes, their potential economic significance is

suggested by the recovery of over 300 caryopses from Feature 8 at

Milagro.

Miscellaneous Taxa

Several plant taxa occurred in only single samples or were

rare, as Table 7.1 indicates. At Milagro, these include native

walnut, manzanita, and creosotebush; from the Charleston Site there

are Salvia, an unknown legume, a member of the Cyperaceae, and

Prosopis; at the Fairbank Site there are Prosopis, Scirpus, and a
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euphorb. Mollugo was recovered from the single sample analyzed from

Locus A of the West End Site; the single Locus B sample al5o yielded

manzariita and walnut. These taxa probably indicate additional plants

utilized to some extent either for food, medicine, or some other

purpose. The low ubiquity values for mesquite (Prosopis) at Fairbank

and Charleston, and its absence from the Milagro record, are

surprising in light of its documented importance in historic

subsistence strategies.

Discussion

Most of the taxa represented at Milagro are also present at

the Fairbank Site, Charleston Site, and the West End Site. In

comparison, the record from AZ BB:13:6 in the Tucson Basin (Miksicek

1987) is somewhat different; maize is the most abundant taxori, but it

is followed by mesquite with a ubiquity value of approximately 55

percent. The Donaldson Site (AZ EE:2:30) in the Cienega Valley

yielded a much more diverse record of 19 taxa, including acorn nut

shell fragments (90% ubiquity value) and agave tissue fragments (27%

ubiquity value) (L. Huckell 1989). The latter site is at an elevation

of 1280 in in the semidesert grassland, within 2 km of the oak

woodland; this may explain the higher ubiquity values for acorns and

agave.
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Again it must be emphasized that the archaeobotanical results

represent only a partial, and potentially rather biased, record of

Late Archaic diet. Their chief value is to demonstrate that to

indicate that maize was an important component of the diet, and to

show that several wild plants were also significant contributors. One

may ask, however, why maize has such a high ubiquity value at Milagro

and the other Late Archaic sites, particularly in comparison to later

Hohokam sites. Did the Late Archaic people rely more heavily on maize

than the later occupants of the area? While there is no firm evidence

available at this time to satisfactorily answer this question, there

are reasons to suggest that the ubiquity values from these Late

Archaic sites may overestimate the degree of reliance placed on this

cultigen. One possibility is that the high ubiquity values may be a

product of the diet characterizing only part of the year. That is,

these sites may have seen their most intensive occupation during the

late fall, winter, and early spring, that 4-5 month long part of the

year when environmental production was at its lowest ebb. Subsistence

during this period may have been heavily dependent upon stored

resources, supplemented by hunting. The abundance and size of storage

pits provides one basis for this hypothesis, which is discussed in

more detail in the following section. Maize was probably a critical

stored resource used during this period of time, and it may in fact

have been one of the most important. A high degree of reliance on

stored maize--coupled with use of the cob for fuelover a few months
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could potentially account for such high ubiquity values for maize at

Milagro and these other Late Archaic residential sites.

The form of maize processing and storage is another factor

which might produce or at least contribute to the high presence

values. If the Late Archaic people stored their maize on the cob, one

might expect that carbonized cob fragments would be well represented

because they could be used for fuel after shelling. If, however, some

or all of the maize were stored in shelled form, cobs might not have

been present in such numbers. For example, if the Hohokam shelled

their maize and stored it in that form in pottery vessels or

granaries, a lesser representation of carbonized maize cob fragments

in the archaeobotanical record might be expected.

The relatively high ubiquity values for the columnar-celled

seed coat (CCSC) fragments suggest that this taxon represents a food

of major economic importance, although again there is some possibility

that it may be over-represented in the record. At present, the size

and thickness of the CCSC fragments appears to match paloverde seeds

most closely. Paloverde seeds are usually ready for use in June, and

represent one of the first seed crops available in abundance in the

spring. Historically, they were important to the Papago (Nabhan and

others 1979: 177) for this reason. In addition to being both abundant

in most years and physically suitable for storage, their time of

ripening may have coincided with the time when food stored the



347

previous fall was nearly exhausted, and for this reason they were

gathered and taken to the sites in large quantities for processing and

consumption. The local environment around Milagro today provides

foothill paloverde in abundance. However, as discussed in Chapter 6,

the residents of the San Pedro Valley sites may have travelled 65 km

or more to obtain these seeds if the geographic distribution of the

species has not changed and if they were not obtained by exchange.

They may have been a critical component in subsistence during the

period of time after exhaustion of stored summer and fall produce and

before summer seed crops appeared.

There is good evidence that small seeds may also have been

gathered and stored, as shown by the ubiquity values for amaranths,

chenopods, the less well preserved "chenoam" residue, and other taxa

such as Trianthema and Portulaca. As noted above, the combined

ubiquity value for chenopods, amaranths, and chenoams at Milagro

exceeds that for the CCSC fragments. Grasses may also be included in

this group, for their caryopses are present in over one quarter of the

samples from Milagro. The abundance of amaranth seeds and grasse

caryopses in Feature 8 at Milagro, the small extramural bell-shaped

pit may imply that such smaller pits were designed to store these

small seeds.

It is interesting to note that mesquite, well documented as a

critical resource for historic groups in the desert Southwest, is very
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poorly represented in these Late Archaic sites. Does this paucity

suggest that it did not figure prominently in their diet? It is

possible that the low presence values are a function of sampling, for

Miksicek (1987) found mesquite in over half of the 11 samples he

examined from the Late Archaic component at AZ BB:13:6. Further,

mesquite is often abundantly represented at younger Hohokam sites in

this area (Gasser 1982: Table 1; 1.. Huckell 1986: Table 2.14). One

might also wonder whether the CCSC fragments from these Late Archaic

sites could represent residue from the processing of mesquite seeds

rather than paloverde seeds. However, Lisa Huckell informs me that

while this possibility cannot be completely ruled out at this time,

the CCSC fragments from the sites are generally thicker and apparently

from larger seeds than mesquite. Mesquite may also be missing because

of the type of processing employed and the place where processing

occurred. Because for historic groups flour from the dry pods

themselves rather than the seeds is the most desired product, the

seeds may have been discarded after being freed from the pods by

pounding or grinding. If this were true they might have less chance

to be preserved in the archaeobotanical record, particularly if the

processing occurred away from hearths or even off-site. Also, the

meal resulting from the beans does not require cooking before use,

further lessening the chances for carbonization of seeds or seed

fragments included in the meal (L. Huckell 1987). Given its

importance to the historic Pima and Papago groups in southern Arizona,
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its rarity from the Late Archaic sites archaeobotanical records should

probably not be equated with noriuse during the Late Archaic period.

Another conspicuously absent plant is saguaro, again an

important staple for the historic Papago and Pima. At Milagro, which

is located in close proximity to prime saguaro habitat, the absence of

any indications of its use are all the more remarkable. Sampling

bias, off site use of the fruits, or exclusive use of the fruit and

discarding of the seeds constitute possible explanations for its

absence. Other cactus species known to have been used historically

are also absent. Use of cholla buds or prickly pear pads might leave

few detectable traces in the archaeobotanical record, since no seeds

would occur in either case. However, fruits of prickly pear, cholla,

and other species would again offer at least a chance that seeds might

be lost and carbonized.

Other plants absent from the Milagro, Fairbank, Charleston,

and West End archaeobotanical records that were of importance

historically include agave and acorns. Both of these are available in

greatest abundance from the upper part of the desert grassland biotic

community and from the ericinal, so their procurement would have

required trips of several kilometers from these sites. As noted

above, the arohaeobotanical remains from the slightly younger Late

Archaic site AZ EE:2:30, located at a higher elevation document the

use of these two taxa. Both plants are today available within 1-5 km
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of that site, but the occupants of Milagro, Fairbank, or Charleston

would have had to travel several kilometers to reach them. Again

sampling vagaries or consumption away from the residential sites might

contribute to their absence at these sites. Agave was usually cooked

close to where was gathered by the Apache and Pimans. Agave crowns

are usually pounded into thin sheets after cooking and dried for

storage in that form; it does not require further preparation for

eating other than soaking in water (Opler 1941: 356-357; Buskirk 1986:

172). Acorns can also be stored, but apparently not in subsurface

pits; Buskirk (1986: 175) reported that the Western Apache said that

acorns stored in the ground rotted easily. Therefore, the use of

certain morztane species located at a distance from these residential

sites may have occurred during a part of the year when the Late

Archaic populations were practicing a more mobile part of their annual

subsistence round.

In summary, Milagro and the other Late Archaic sites provide

the first systematic look at Late Archaic plant use in southeastern

Arizona. The arohaeobotanical records from all of them have high

ubiquity values for maize, although at present there is no way to

accurately transform these values into an expression of the percentage

of the total diet maize may have constituted. The abundance of

columnar-celled seed coat fragments suggests a similarly important

role for a large-seeded legume, probably paloverde. Small seed-

producing wild plants such as amaranths, chenopods, pursiane, false
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pursiane, and grasses also appear to have been important, and may also

be secondary products of agriculture. Rarity or absence of mesquite,

saguaro, and other cactus seeds probably does not constitute evidence

for Late Archaic ignorance of these resources. The same may be said

of the lack of evidence of acorns, agave, and pinyon nuts available

from higher elevation communities; manzanita nutlets document foraging

trips to such inontarie habitats.

Late Archaic Residential Site Organization

Sites such as Milagro, Fairbank, and Charleston make their

first appearance in the archaeological record of this region during

the Late Archaic period. As described in the preceding chapters,

these sites are characterized by the presence of residential

structures, intra and extramural pit storage features, and food

preparation features. These are all found with thick, organic

accumulations of sediments containing high densities of artifacts and

thermally fractured rocks. These attributes suggest long-term

residential sites that appear to reflect decreased mobility in

comparison to Middle Archaic sites, and the existence of an economy

that emphasized intensive use of agricultural produce and foraged wild

foods whose temporal availability was extended through storage.



Storage Features

As presented in Chapter 3, storage is a critical tactic which

can be used to counteract the effects of temporal and spatial

discontinuities in resource availability. The collection of large

quantities of certain foods above immediate needs and their

preservation in forms suitable for later consumption is practiced by

certain hunter-gatherers (Binford 1980; Testart 1982; Ingold 1983) and

of course by farmers. As Testart (1982: 524) observed, limited

storage is not necessarily incompatible with mobility, but increasing

use of storage can suppress the necessity of mobility. The material

manifestations of this include "...a village or a permanent camp built

around food reserves...," which promotes "...permanence of residence

during the season of scarcity" (Testart 1982: 524). Storage can serve

purposes ranging from subsistence to social differentiation (Ingold

1983: 555-563; Smyth 1989: 91), and can occur at social levels ranging

from single individuals or households to larger social or corporate

groups. For this study it is the household or domestic level of

storage (Smyth 1989: 92-93) that is considered.

Storage Capacity

The importance of storage for the Late Archaic occupants of

southeastern Arizona is reflected by not only the abundance and

352
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location of bell-shaped storage pits, but by their capacities. Table

7.2 presents figures on the capacities of pits from Milagro and

Fairbank. These were obtained by first calculating the volume of each

pit, as excavated, in cubic meters. Because ethnographic accounts

indicate that the pits were usually lined with dried grass or bark, an

arbitrary 10 percent of the calculated pit volume was subtracted to

accomodate such a lining. The remainder of the pit volume should

approximate actual storage capacity. To make capacities more

intuitively meaningful, these figures were converted to other measures

of volume, including bushels, liters, and numbers of ears of maize.

While the first two are self explanatory, the third deserves

elaboration. This figure was obtained by estimating the size of a

"typical" ear of early Southwestern maize; the paucity of published

metric data led to use of scaled measurements obtained from a

photograph of two ears of maize from Tularosa Cave preceramic levels

illustrated by Cutler (1952: Fig. 172, lower row, two specimens on

right). One of these is a long, well-formed ear and the other is a

short, squat, but well-filled ear; by averaging the length and maximum

diameter dimensions, a "typical" ear figure was determined to be 8.43

cm long by 2.85 cm in diameter. The length part of this figure

appears to fit comfortably within the range of maize cob length

presented by Wills (1988a: Fig. 26) from the lower levels of Bat Cave,

but may overestimate the mean slightly. "Typical" ear size was

converted to a volume, and each storage pit's volume was then divided

by the "typical" ear volume to estimate capacity for maize stored on
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Table 7.2

Storage Pit Capacities at Milagro and the Fairbank Site

Notes: Volume in cubic meters Total volume - 10%
Pits B and E are from Sayles 1938 excavations

Site,Feature Volume (m3) Capacity (1) Capacity (bu) Capacity (maize)

Mi lagro

4b 0.37 374.23 10.62 1723
15b 0.46 465.49 13.21 2143
23b 0.06 63.78 1.81 293
1 0.35 351.68 9.98 1619
2 0.41 413.34 11.73 1903
3 0.56 561.34 15.93 2584
8 0.15 156.10 4.43 719

10 0.13 132.50 3.76 611
12 0.57 570.86 16.20 2689

Fa i rb ank

B 0.61 612.79 17.39 2821
E 0.48 482.06 13.68 2219
2b 0.57 572.97 16.26 2638
1 0.11 115.23 3.27 530
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the cob. While it is difficult to know whether maize was stored on

the oob in these pits, the high ubiquity values for maize cob

fragments and oupules from flotation samples provides some evidence of

this practice.

Table 7.2 reveals that the bell-shaped storage pits have a

wide range of capacities, from small ones such as Features 8 and 10 at

Milagro and Feature 1 at Fairbank up to ones 4 to 5 times their

capacity such as Features 3 and 12 at Milagro and Features 2b and B at

Fairbank. Clearly the large pits could hold considerable amounts of

food, as witnessed by their capacity in maize ears (or liters or

bushels), but even the smaller pits could represent substantial

stores. If as suggested in Chapter 5 the carbonized amaranth seeds

and grass caryopses recovered from Feature 8 at Milagro represent one

example of what was being stored in these smaller pits, then 100-150

liters of such seeds might be represented. Clearly they could also

hold significant quantities of shelled maize. Unfortunately, there is

no way to ascertain what kinds of foods were stored in these pits,

whether a single pit contained a single food, or if a single food such

as maize was stored either shelled, on the ear, or in both forms in a

single pit. Descriptions of pit loading by G. Wilson (1987) show

these kinds of complexitiesa single Hidatsa bell-shaped pit might

contain maize ears, shelled maize, and dried squash.
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The food value represented by products stored in these bell-

shaped pits is difficult to assess, primarily due to a lack of

knowledge about the form of product storage and whether storage

included multiple foods in a single pit. Just for the sake of

example, however, assume that a particular pit of 0.50 cubic meters

volume contained approximately 2300 ears of maize. Experimental data

from a 15 by 20 foot irrigated plot of Chapalote maize suggest that an

average of 22 g of maize kernels can be shelled from an ear (average

ear length 10.8 cm, diameter 1.9 cm)(Human Systems Research 1973: 445-

457). The "typical ear" defined above is only about three quarters

the length of the average experimental Chapalote ear, but is 1.5 times

greater in diameter. This may be a function of lower modal row number

in the experimental Chapalote (mode of 10 rows, followed closely by 8

rows) and higher modal row number (mode of 12 rows, followed almost

equally by 14 and 10 rows) for the Late Archaic maize from Tularosa

Cave (Cutler 1952: Table 3). Therefore, Late Archaic maize may not

differ appreciably in kernel yield per ear from the 22 g figure, and

may have exceeded it. For the present exercise the value of 22 g per

ear will be used. This means that a bell-shaped pit containing 2300

ears of maize would represent 50.6 kg of maize kernels. Continuing

this line of speculation, it can be estimated that 50.6 kg of maize

kernels would translate into approximately 182,160 calories, assuming

a caloric value for maize of approximately 3600 calories per kg

(Minnis 1985b: 110). An average figure for human energy requirements

is approximately 2000 calories per day (Wetterstrom 1986: 161-164).



This means that there are approximately 91 person days of calories

represented by one storage pit containing this much maize.

It is unlikely that maize alone would provide all of the daily

calories required by an individual, at least not for very long periods

of time. The diet was probably more varied, including other stored

vegeta]. foods, fresh or dried meat, and whatever fresh plant foods

might be available. Even during the part of the year when stored food

was the principal source of nutrition, diet was probably as eclectic

as possible. Therefore, the contents of a single bell-shaped pit

would last longer if they were only supplying 75 percent or 50 percent

of the daily caloric requirements. Further, storage of food was

probably predicated on planning for the needs of a particular number

of people for a specific period of time. It is therefore important to

move beyond pit capacities and examine the social and spatial

implications of storage pit location for Late Archaic settlement

organization.

Organization of Storage

Domestic storage needs are probably governed by three factors:

(1) the length of time a group of people anticipate having to rely on

stored foods; (2) the dietary percentage which stored foods must

constitute during that time; and (3) the number of persons composing a

definable domestic group. Modern environmental data used in Chapter 2
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indicate that the part of the year when environmental production is at

its lowest runs from mid-November through mid-April, or approximately

5 months. However, plants begin to be available as dietary

supplements in the form of greens as early as February, and some foods

such as agaves are available, if not at their most palatable, during

the winter. Of course, animals can be taken year round. Thus a 5-

month long season can be identified when heavy but not necessarily

total reliance may be placed on stored foods.

The bell-shaped storage pits first reported by Sayles (1941,

1945) and those described in this dissertation occur in both

intramural and extramural contexts, suggesting the possibility that

storage feature placement was intentionally diversified. It can

probably be safely inferred that food stored in the intramural bell-

shaped pits was intended to be used by the occupants of that

residential structure. Ownership of food in the extramural pits is

less certain, but their contents may represent additional foods stored

outside by the residents of a nearby structure. The spatial

association of extramural pits with particular structures is unclear,

due to the limited excavations at these sites. However, the exposures

at Milagro do indicate that some extramural pits are found within 2 to

3 m of domestic structures, as shown in Figures 5.2 and 5.3, and at

the Fairbank Site as the profile in Figure 6.3 indicates. The

contemporaneity of closely spaced intramural and extramural storage

features can only be guessed, and there are other extramural storage
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pits at Milagro not associated with any known structure. That such a

situation of intramural and extramural storage by a single household

may have existed during the Late Archaic period can be supported from

ethnographic data. The Mandan, Hidatsa, and Ankara employed this

storage arrangement (G. Wilson 1987), as did other Missouri River

groups. Buskirk (1986: 167) reported that a Western Apache family

might have from 5 to 10 scattered storage facilities, with most

centered around a residence but including a few in gathering areas

distant from the residential site. From archaeological data, Winter

(1976: 25-31) proposed that Early Formative (ca. 1750-1500 BC) Oaxacan

communities were organized into household clusters consisting of a

domestic structure and closely associated extramural bell-shaped pits,

ovens, burials, and other features.

Attempting to reconstruct the number of persons composing a

discrete, largely self-reliant domestic household group with its own

storage needs is difficult. One approach to answering this question

is to use cross-cultural ethnographic studies which treat the

relationship between certain attributes of domestic architecture arid

the size and nature of the social group occupying the domicile. Some

of these studies attempt to identify the relationship between floor

area or structure form and the numbers and composition of the social

entities occupying the structure; the resulting patterns may then be

applied to archaeological situations. Cook (1972: 15-16) utilized

ethnographic data from New World societies, and concluded that



approximately 25 square feet (2.3 square meters) of dwelling floor

space per person was required on average. However, Flannery (1972:

29) cited other workers (Naroll 1962; Cook and Heizer 1968) as

supporting a world-wide average of 10 m square meter of floor space

per person in "societies of Neolithic type.'t

The two Late Archaic structures excavated at !4ilagro that were

sufficiently complete to permit calculation of floor area yielded

figures of approximately 5.1 square meters (Feature 23) and 5.6 square

meters (Feature is). The structure illustrated by Sayles (1945: Fig.

2) from Pearce 8:4 (GP) has a floor area of approximately 4.9 square

meters. These values are for the total floor area, including the

hearth and intramural storage pit opening. Using Cook's estimate of

2.3 square meters per person, each of these structures could

accomodate slightly more than two persons, but use of the 10 square

meter value cited by Flannery would suggest at best one person per

structure. Flannery (1972: 30-38) justified the idea of single adults

in each house using data from several African agropastoral societies

which practiced polygyny. Post-marital residence was patrilineal,

with each adult male occupying a small (3 in diameter) circular hut,

and each wife and her offspring living in a separate structure of

similar size. Flannery also noted that in such communities food

storage was open and shared by all occupants of a hut compound. In

the New World such arrangements were not ethnographically recorded;

residences were usually occupied by a husband and wife and their

360
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off spring and occasionally an aged parent of the husband or wife. In

fact, review of the literature of western North American hunting-

gathering and hunting-gathering-farming societies using small,

circular structures revealed that a nuclear family was the usual

social unit occupying such a structure (see Goodwin 1972; Opler 1941;

Steward 1933). While moBt of these groups occupied structures

somewhat larger in floor area than the Milagro examples, in most cases

there is a range in area that overlaps at the lower end with the

Milagro structures. Also, the intramural bell-shaped pits at Milagro

and other Late Archaic sites point to private, not communal storage.

Further, the absence of floor features other than the hearth and

storage pit, and the lack of floor artifacts such as metates or other

tools in the few excavated examples, may suggest that few tasks were

carried on inside the structures. If they served primarily for

shelter and sleeping, and most tasks occurred outside, the amount of

necessary floor space per person might be minimized. In summary, the

archaeological floor area data and western North American ethnographic

information support multiple persons, and possibly nuclear families,

occupying single structures in Late Archaic communities.

If one assumes that storage requirements at these Late Archaic

sites were defined by the need to provision nuclear family units

composed of multiple individuals for a period of approximately 5

months, a pattern of one intramural storage pit and one or more

extramural storage pits would be reasonable. Further, storage of more
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than one type of food is suggested by variation in pit size and

possibly by pit contents as discussed above. Variations in the size

of storage pits would also be expected based upon the number of

individuals in the basic consumptive unit and the form of storage of

certain foods (such as shelled maize or maize left on the cob).

Villages would be expected to contain a variety of household sizes,

and presumably how much food was put into storage in a given year

depended upon the needs and inclinations of individual households as

well as available quantities of domestic and wild resources. In

short, a basic pattern involving use of both intramural and extramural

storage facilities for each household might be predicted, but some

range of variation in the number of such features could be expected

among households. It must also be remembered that not all storage

need have been done in these bell-shaped pits. Above-ground storage

in large, coarsely woven baskets, bags, or in sealed hides has been

documented for Basketmaker II farmer-foragers in the northern

Southwest, and may well have been part of the storage technology of

the Late Archaic residents of southeastern Arizona.

Late Archaic Mobility

The presence of semisubterranean domestic structures with

large intramural and extramural storage pits; thick occupational

deposits with high artifact densities; and heavy use of lithic

materials available within a few kilometers of the sites all reflect
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increased length or intensity of occupation at Late Archaic sites such

as Milagro, Fairbank, and Charleston. The semisubterranean domestic

structures and large, deep, bell-shaped pits in particular represent a

significant investment in labor to create facilities whose use life

would be more appropriately measured in years rather than days or

weeks. In short, these attributes are more consistent with the

villages of semisedentary or sedentary societies than with the camps

of hunter-gatherers. These sites are not unique or aberrant--the same

kinds of attributes appear at buried Late Archaic sites of AZ BB:13:6

along the Santa Cruz River (Elson and Doelle 1987), the Donaldson Site

(AZ EE:2:30) in the Cienega Valley (Eddy 1958; Eddy and Cooley 1983),

the Pantano Site (AZ EE:2:50) on Pantano Wash (Henunings and others

1968), at AZ EE:4:1 near St. David on the San Pedro River (see Chapter

6), and probably at others as yet poorly known such as AZ EE:6:1 (=GP

Pearce 8:4; Sayles 1945: 1-4) in the Sulphur Spring Valley. One

pertinent question is how "sedentary" were these Late Archaic people?

Were village sites occupied year round, or were there periods when

they were abandoned?

Ethnological Considerations of Mobility

Questions regarding correlation between architectural

attributes and degrees of mobility or sedentism have recently been

addressed using cross-cultural ethnographic data, and some of the

investigators have drawn conclusions pertinent to these Late Archaic
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sites. Most analyses entail investigation of the morphology and

construction of architectural features such as houses. Whiting and

Ayres (1968) examined whether a definable correlation existed between

settlement permanence and house shape. They found that while slightly

more societies which used curvilinear houses (those with round or

elliptical floor plans) were nomadic or seminomadic, nearly 35 percent

of the societies in their sample which employed such houses were

sedentary (Whiting and Ayres 1968: 124-125). Flannery (1972) and

Hunter-Anderson (1977) also examined this issue, and reached similar

conclusions. As noted above, Flannery (1972; see also Hunter-Anderson

1977: 313-314) argued that a particular pattern of social

organization--polygyny--may be represented by round houses, but

Whiting and Ayres (1968: 130-131) found that this relationship was

statistically significant only in Old World societies, not in New

World ones.

In a more recent study using cross-sultural ethnographic data,

Gilman (1987) reported a correlation between pit structures and

nontropical climates, and argued that pit structures were used in a

biseasonal pattern of settlement mobility. She further found that

most pit structures represented cold-season habitations when

subsistence depended upon stored food. One factor favoring pit

structures in winter was their thermal effciency, or heat-retaining

properties. Do the Late Archaic structures qualify as pit structures?

As discussed in Chapter 5, they were excavated only a few tens of
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centimeters into the ground at most, and may have had only a brush and

thatch superstructure. However, Elson and Doelle (1987: 32) reported

fired clay daub from the fills of two or three burned Late Archaic

domestic structures at AZ BB:13:6, and previous work at that site in

1949 (unpublished data cited in B. Huckell 1984b: 140) produced

another similar burned structure with clay daub. It is therefore

possible that the unburned structures at t4ilagro and elsewhere may

also have been partially or completely clay plastered, and therefore

would presumably have properties of heat retention superior to

unplastered brush and thatch structures. The abundance of storage

features at these sites apparently does fit Gilman's expectation of

cold season occupation. On the other hand, the locations of these

Late Archaic sites adjacent to prime arable land strongly suggests

that occupation during some or all of the summer growing season also

occurred.

The abundance of subterranean storage features is also a

significant indicator of seasonal mobility, based on a study by De

Boer (1988). Using ethnographic observations of societies from

eastern North America, De Boer suggested that subterranean storage was

symptomatic of either seasonally abandoned settlements and/or a need

to conceal stored foodstuffs and other materials from those who would

take them. As argued in Chapter 2, the distribution and seasonality

of resources in southeastern Arizona would promote mobility among
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hunter-gatherers, and clearly the historic Pima and Papago farmer-

foragers practiced seasonal mobility to obtain certain wild resources,

abandoning their villages largely or completely for periods of days,

weeks, or months (Russell 1908; Castetter and Bell 1942). Seasonal

abandonment for wild resource procurement seems reasonable on

ecological grounds and may be supported by archaeobotanical data.

Note that the taxa represented at all the sites are available in the

late spring through fall; early spring resources are absent. This may

constitute placing more faith in negative evidence than is warranted,

particularly given the factors discussed above involving the creation

and interpretation of the archaeobotanical record. Still, it is a

pattern recognizable in the available data which may be explained by

mobility during the early spring.

Might a need to conceal food or material items be reflected by

Late Archaic storage pits, as suggested by DeBoer's study? Although

one could argue that the consistent location of intramural storage

pits would defeat a strategy of concealment, extramural pits would

probably be relatively unpredictable in location and easily hidden.

The occurrence of two complete metates and a mano in Feature 1 and

three complete manos in Feature 3 may represent an attempt by the

Fairbank Site residents to conceal norifood resources from potential

thieves during a period of settlement abandonment. Assuming that

concealment was a motivating factor, a further consideration is from

whom or what were stored resources concealed? Wild animals? Other



Late Archaic farmer-foragers? Populations of hunter-gatherers from

surrounding areas who might raid abandoned villages? There is no

basis on which to answer these questions.

The weight of the ethnographic information appears to support

the likelihood that Milagro and other Late Archaic village sites were

seasonally abandoned.

Ecological Considerations of Mobility

Ethnobotanical data are also useful for determining seasonal

use of sites, as they can identify the times of year when Late Archaic

villages may have been occupied and abandoned. The primary or longest

occupational episode probably occurred during the 4-5 month long

winter and early spring when low environmental production necessitated

use of stored foods. The sites would be attractive winter

habitations, given their proximity to water, fire wood, and lithic

material for tools and cooking stones. With the arrival of spring and

the upswing in wild plant food production, foraging activities would

have increased. Families or perhaps the entire village population

may have moved to upland areas to gather and process agaves, and

perhaps to other areas of the desert to obtain cactus buds, new pads,

or mesquite pods and paloverde pods and seeds. Such trips may have

been of variable duration, depending upon the amount of stored food

remaining, the distance to the desired resources, and the quality and

367
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quantity of wild foods available in any given year. The timing and

duration of village abandonment may also have varied between sites in

the Sonoran Desert environment of the Tucson Basin, and in the desert

grassland or Chihuahuan Desert of the San Pedro Valley. Occupants of

Milagro, located in the Arizona Upland Subdivision of the Sonoran

Desertscrub, may have continued to occupy the village throughout some

or all of the spring because such resources as paloverde seeds,

mesquite pods, and cactus buds and later fruit were located within

easy foraging distance of the site. However, the residents of the

Fairbank and Charleston sites might have left their villages to travel

to the Sonoran Desertarub biotic community in this same period during

the middle and late spring.

The consistent location of the villages adjacent to prime

alluvial soils implies that such floodplain areas were the probable

locations of agricultural fields as well. During the late spring or

early summer, field preparation and planting should have brought the

people back to these localities. During the summer growing season,

the village should once again have been occupied. During this time

the fields and nearby stream floodplairis would have provided greens

and seeds from annuals, but it is also during this period when acorns

and other foods ripen and when wild food abundance peaks. It is thus

possible that some or all of the inhabitants may have left to hunt and

gather for extended periods of time, leaving the fields untended or

perhaps more likely watched by those less able or less willing to



369

travel. Harvest time for the crops should again have brought people

back to the village in late summer or early fall. Time might have

been spent repairing storage facilities or constructing new ones, and

filling them with a variety of domestic and wild foodstuffs. A final

period of absence might occur after the harvest, when other oak

species and pinyon nuts were available in the mountains and when

animals were in prime condition. With the onset of winter, the

village would again have been fully occupied.

Late Archaic Sites in Nonriverine Environments

The existence of Late Archaic sites (some large and with high

artifact densities) located in other environmental settings away from

the riverine settings of the villages may provide archaeological

evidence for Late Archaic mobility. Among these nonriverine sites are

the ones studied by Whalen (1971, 1975) on the eastern piedmont of the

Whetstone Mountains; those found by Simpson and Wells (1984) on the

western piedmont of the Rincon Mountains; the ones in the northern

Santa Rita Mountains reported by the author (B. Huckell 1984a); and

the ones discussed by Roth (1989) on the upper bajada of the Tortolita

Mountains. With the exception of the sites in the Santa Ritas and one

investigated by Roth in the Tortolita Mountains upper bajada,

knowledge of these sites is predicated on surface collections of stone

artifacts. Domestic structures similar in size and shape to those at

the riverine sites (but lacking intramural storage pits), as well as
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extramural pit features, were identified by excavation at two sites in

the Santa Rites (B. Huckell 1984a: 67-72, 80-88), indicating that some

of these sites may contain intact subsurface deposits and features.

Data from analyses of the surface assemblages of stone tools

by Whalen (1971, 1975) and Roth (1989) suggest that many of these

nonriverine sites were not specialized for the performance of one or

two tasks, but that a wide range of subsistence activities was pursued

at them. Such assemblages may imply repeated occupation of the sites

for nonspecialized hunting and gathering, possibly by groups

practicing residential rather than logistic mobility. Floodwater

farming on ephemeral drainages may be another possibility. Whalen and

Roth have also considered models of settlement patterns for the Late

Archaic period which involve seasonal movement from lowland riveririe

settings to upper bajada or piedmont settings to exploit resources in

times of greatest availability or greatest need. Both consider

distances of movement that may not exceed 20 km in linear distance

from basin floor to mountain front; such scales may be too small to

encompass the full round of mobility. Whalents model relies on

ethnographic accounts of Great Basin subsistence strategies; these are

of uncertain utility in reconstructing foraging practices in

southeastern Arizona, and downplay the role of agriculture. Roth

(1989) identifies three alternative models of settlement and mobility

for the Tucson Basin. One model postulates the existence of socially

distinct groups exploiting the riverine and bajada environments. A
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second suggests a pattern of primary villages along the river arid

secondary seasonally occupied camps on the upper bajad.a. Her third

model posits that riverine arid upper bajada sites may not be

contemporaneous, and may not be part of a single subsistence-

settlement system. She notes that choosing among these three models

will only be possible with additional work.

The question of the relationships between riverine and

nonriverine Late Archaic sites remains unanswered at this time.

Because these sites have not been radiocarbon dated, and because there

is no archaeobotanical evidence to demonstrate the presence of

cultigeris at them, it is uncertain whether some or all predate the

transition to agriculture, or postdate it. In the former case the

sites may represent a purely hunting-gathering subsistence-settlement

system, or an admixture of pre- and post-agricultural systems. Given

present knowledge, these riverine sites can only be tenuously linked

to the riverine villages, and. the reconstruction of an integrated

model of subsistence and settlement for the Late Archaic period of

southeastern Arizona after the transition to agriculture remains an

important research problem.

External Relationships

An important aspect of the riverine village sites is the

presence of items in the San Pedro-Late Archaic material culture
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inventory that point towards connections further south in Mexico. It

has already been observed that the bell-shaped pits have antecedents

and counterparts in Mesoamerica, and to these can be added fired clay

figurines and shell ornaments. The two small, rudimentary,

anthropomorphic clay figurines from Milagro represent the earliest

occurrence of these items in southeastern Arizona, preceding those of

the Hohokam by at least a millenium. A sophisticated figurine

industry is in evidence by Early Formative times at approximately

3500-3100 BP in west central Mexico (MacNeish and others 1970: 36-39).

These figurines are generally interpreted as serving religious ritual

functions (Flannery 1976: 336-338), and it may be suggested that the

Milagro figurines are perhaps a simpler manifestation of such a

tradition.

The shell ornaments from Milagro include cut shell beads or

pendents of pearl oyster, possibly Pinctada, and a whole Olivella

shell bead. One feature at the Charleston Site yielded an Olivella

bead, and other Late Archaic shell ornaments have been reported from

AZ BB:13:6 in the Tucson Basin (Mayro 1987) and the Donaldson Site in

the Cienega Valley (B. Huckell 1987). Pinctada is available from the

Pacific coast of Mexico, from Baja California southward; Olivella

covers much the same range but extends farther northward up the Alta

California coast. While Olivella shell beads are common throughout

the ceramic period prehistory of the Southwest, the cut shell Pinctada

(?) beads are thus far known only from Late Archaic contexts in



southern Arizona. Further, cut shell beads and ornaments of this

genus are common in Early and Middle Formative Oaxacari and central

Mexican plateau sites (Pires-Fierra 1976: 311-316).

It may be observed from these data the the Late Archaic

residents of southeastern Arizona appear to have been at the northern

end of a system of interaction which was aligned on a general north-

south axis. Both information and material goods probably moved within

this system. If this interpretation is correct, it may indicate a

reorientation of the preagricultural, Middle Archaic system of

population movement proposed by Shackley (1989), or a shift in

exchange relationships. Shackley's tracing of obsidian artifacts from

sites in southeastern Arizona identified a northeast-southwest

pattern, with New Mexican and east central Arizona obsidians entering

southeastern Arizona. The lack of obsidian artifacts at Milagro and

its absence or rarity at other Late Archaic sites in this region

suggest that this system of mobility or exchange had broken down by

Late Archaic times. It is impossible on the basis of such slim

evidence available at present to evaluate the strength or significance

of this shift of interaction, but it may be of importance in

understanding the spread of agriculture.
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Mode of the Spread of Agriculture

The final question posed in Chapter 1 was by what oultural

process or processes the transition from hunting and gathering to

agriculture occurred in southeastern Arizona. In Chapter 3 two

processual models were proposed, one involving the adoption of

agriculture by indigenous foraging societies (Model 1), and the other

based on the immigation of societies already practicing agriculture

(Model 2). The Late Archaic village sites documented in this study

appear to represent the initial appearance of agriculture in

southeastern Arizona. Moreover, the macrofossil evidence demonstrates

the ubiquity of maize in the deposits at that time, and the

sociocultural context from which the macrofossils come suggests a

semisedentary or seasonally sedentary population with a mixed farming-

foraging subsistence system dependent on food storage. Further, the

architectural and material culture context of this earliest occurrence

of agriculture does not appear to have existed in this area earlier,

and contains elements linking it to Mesoamerican societies. On the

face of it, such evidence would seem to support the appearance of a

cultural system already in command of agriculture in southeastern

Arizona.

This interpretation would be consistent with Model 2, based on

the theoretical predictions of Rindos (1980, 1984) and Green (1980)

for the spread of agriculture. That model states that groups
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dependent upon agriculture can be expected to resolve problems of

imbalances between production and needs by moving or expanding into

suitable new areas. Such expansion may be driven by population growth

fueled by agricultural success; by declining agricultural yields due

to problems of an environmental nature; by fluctuating agricultural

yields; by social schisms; or by combinations of these factors. The

unprecedented appearance in the archaeological record of sites such as

Milagro, Fairbank, and other villages would be consistent with these

predictions, representing the northward movement of mixed farming-

foraging adaptive systems out of northern Mexico into the Southwest.

As demonstrated by several workers over the last 60 years (Sauer and

Brand 1930; Sauer 1932; Haury 1945; Huckell 1987; Thompson in press),

there exists an excellent natural corridor into southeastern Arizona

from northeastern Sonora along north-south aligned, semiarid river

valleys of the region (Fig. 7.3). The southward-flowing Rio Sonora is

in perfect alignment with the northward-flowing San Pedro; the

southward-flowing Rio San Miguel and the Rio de los Alisos headwaters

of the Rio Magdalena are in close proximity to the Santa Cruz River;

and southward-flowing Whitewater Draw (which becomes the Rio de Agua

Prieta south of the Mexican border) is part of the headwaters of the

Rio de Bavispe system. These river valleys offer very similar

topographic, hydrologic, pedalogic, and biotic conditions, and were

host to productive agricultural societies at the time of Spanish

contact and earlier (see Doolittle 1984, 1988). Ecologically, these

valley systems would constitute a reasonable route along which
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agriculturally-based societies could spread northward by taking

advantage of the cultivation potential of the riverine floodplains.

Wills (1988a) has also proposed that agriculture may have spread into

the Southwest along the Rio Grande, which is also reasonable from both

physiographic and ecological viewpoints. Both routes would allow

easier travel than the Sierra Madre corridor proposed by Haury (1962:

Fig. 1), and might provide access to more suitable agricultural lands

than the high elevation plateaus and basins of the mountains.

Note too that expansion along these river systems would most

likely have occurred in a discontinuous fashion, because groups

dependent upon agriculture would need to find locales with particular

combinations of arable land, access to water, and space suitable for

village construction. The river valleys do not provide continuous

habitat suitable for agriculturalists, and as discussed in Chapter 6,

certain specific combinations of geomorphic and physiographic

attributes seem to characterize the locations of these Late Archaic

village sites in southeastern Arizona. This factor could conceivably

act to make the northward spread of agriculture a faster process,

because certain reaches of the streams in these valleys would not meet

the requirements of cultivators and would be bypassed.

Further, the lack of evidence for the Fairbank Drought at the

type site, and the evidence for occupation of this site and others

during active aggradation may indicate that the expanding
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agriculturalists encountered aggrading stream systems in southeastern

Arizona that were in the process of creating excellent arable land.

More work is needed to establish the exact nature of the conditions

along these rivers between 3000 and 5000 years ago when they may have

been entrenched and less attractive for farming.

Unfortunately, this explanation of preceramic agriculturalists

expanding northward cannot be evaluated archaeologioally because no

preceramic sites with evidence of agriculture have been reported from

northeastern Sonora. Although San Pedro projectile points and other

artifacts are present in Sonora at least as far south as Hermosillo

(Fay 1967; Ortiz and Taylor 1972: 201, Fig. 3), no Late Archaic sites

have been excavated. If future research in this region can establish

the existence of sites materially similar to Milagro and Fairbank,

containing cultigens and dating prior to 2800-3000 SF, the hypothesis

of expanding agricultural systems would be strengthened.

Most investigators have modeled the spread and adoption of

agriculture in the Southwest as a process of indigenous hunting and

gathering populations receiving crops and the knowledge needed to use

them from neighboring groups already practicing agriculture (Haury

1962; Whalen 1973; Ford 1981; Minnis 1985a). This is Model I as

presented in Chapter 3, based on the ecological arguments of Bedding

(1988) and the interpretation of archaeological data in the Southwest.

The process of adoption and integration is perceived to be slow
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(several hundred years) because of labor allocation conflicts between

the demands of mobility to acquire a variety of wild resources, and

the demands of sedentism to cultivate crops (Flannery 1968).

Investment in agriculture is accordingly suggested to be limited to

"low cost" strategies of cultivation which cause minimal interference

in the mobility necessary to maintain hunting and gathering at a high

level of productivity. Agriculture therefore was little more than a

way to supplement the diet for some 800 or more years, according to

these views (Haury 1962; Whalen 1973; Ford 1981; Minnie 1985a).

If this model accurately portrays the adoption process in the

American Southwest, evidence of agriculture in older preceramic sites

in southeastern Arizona should exist. The "abrupt" appearance of

agriculture as a prominent subsistence strategy documented at sites

such as Milagro and Fairbank might therefore be a function of their

greater archaeological visibility. Thus, they might represent not the

initial appearance of agriculture but rather the point at which it

became a sufficiently significant part of the economy to help

underwrite the creation of more archaeologically prominent village

sites. If the traditional model of a long, slow process of

experimentation with agriculture by indigenous hunter-gatherers is

correct, sites in southeastern Arizona older than 2800-3000 BE' (and

perhaps as old as 3800-4000 BP if Minnis [1985a] is right) should be

found to contain cultigens. These sites should be expected to yield

low frequencies of maize and other oultigens, and might also be
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smaller in size and lack the high densities of artifacts and features

seen at the later sites. Sites of this 3000-4000 BP time period are

known to exist along Whitewater Draw (see Waters 1986: 63-64), and

there are certain to be others; as yet none have been excavated. The

investigation of such sites should be given priority in future studies

of early agriculture.

In conclusion, current archaeological knowledge does not

permit an easy choice between these two alternative models of

agricultural spread into southeastern Arizona or the Southwest. It

should also be noted that aspects of both models may be involved in a

particular region. That is, experimentation by hunter-gatherers with

low effort, low production cultivation of crops may have occurred

first in a particular area, followed by the arrival of immigrants more

dependent upon agriculture seeking new land. Such a sequence of

events could not be detected without considerable archaeological

effort. Further, it is possible that both the immigration of

societies already practicing agriculture and the adoption of

agriculture by indigenous foraging societies occurred over a region as

broad as the Southwest. The apparently sudden appearance of these

Late Archaic villages in southeastern Arizona could be evidence of

such a transition by immigration. The impact of their presence (and

example) could help foster the adoption of agriculture by surrounding

groups of foragers. As rapidly as the north-south spread of

agriculture in the Southwest seems at present to have occurred, it is
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difficult to imagine that immigrant numbers could have been sufficient

to underwrite suoh a spread. Instead, the rapidity of spread could be

a logical outgrowth of a pre-existing pattern of highly mobile

foragers in communication with other groups. If agriculture were

available for adoption as a relatively sophisticated "package" of

cultigens and the technological knowledge for their cultivation,

storage, and use--perhaps made more attractive by the possibility of

economic and social ties to more advanced societies--a rapid adoption

might be expected.

As documented, there are certainly good ecological reasons for

foragers in this environment to adopt agriculture, even at a low level

of economic dependence. If even 25 percent of the total diet were

predicated on agricultural produce this "low" level could be critical

in helping to dampen the impact of fluctuations in wild food

production. In any case, agriculture appears to have been adopted by

all the societies inhabiting the Southwest to the extent that the

environmental conditions in their areas and the availability of

suitable cultivars permitted. This broad geographic spread, coupled

with the rapidity of the spread of agriculture during the first

millenium before Christ, strongly supports the inference that

agriculture was quickly perceived to be a critically important

subsistence strategy. Maize, in particular, seems to have been

quickly accepted. Even if it never accounted for more than 20-25

percent of the total diet, agriculture offered a flexible strategy of



382

food production under direct human control that could serve to

mitigate the effects of predictable and unpredictable fluctuations in

the production of wild food. In short, it lessened the risks

associated with hunting and gathering in an unpredictable environment.

Regardless of whether it was adopted by indigenous hunter-gatherers or

arrived with immigrants, agriculture has been a cornerstone of human

adaptation to the arid Southwest for at least 3000 years.
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