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ABSTRACT 

The initiatives of open space conservation, as outlined in the Sonoran Desert 

Conservation Plan, have been implemented through the purchase of nearly 65 thousand 

acres by Pima County. This land abuts sections of grazing leases held by state and federal 

agencies, forming largely unfragmented landscapes surrounding the city’s urban core. 

Much of the outlying acreage is rural historic working ranches, now managed as open 

space conservation preserves. Ranches are landscapes of low-intensity impact, where the 

archaeological record of centuries of human land use is well preserved. Much of the land, 

however, remains relatively unstudied. To refine spatial predictions of archaeologically 

sensitive areas in southern Pima County, I use multivariate logistic regression to develop 

predictive models of probable archaeological site locations for three time periods at 

Rancho Seco as a case study. Results suggest portions Rancho Seco might contain 

additional Preceramic and Historic cultural resources but additional data collection is 

needed.   
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CHAPTER ONE: MODELING SITE LOCATIONS ON  

PIMA COUNTY RANCH PRESERVES 

Much of what is understood about archaeological landscapes in eastern Pima 

County is derived from cultural resource management projects in Tucson’s urban areas. 

Those areas, often rife with development, experience projects conducted in response to 

compliance with Section 106 of the National Historic Preservation Act. The areas 

surrounding the city’s urban core remain relatively unstudied. Many outlying areas are 

working ranches managed by Pima County as open space conservation preserves. These 

ranches represent landscapes of low-intensity impact, where the archaeological record of 

centuries of human land use is well preserved.  

To assist Pima County with devising strategies for managing cultural resources on 

county-owned ranch preserves, I develop several predictive models of probable 

archaeological site locations for three time periods in eastern Pima County, and apply 

these predictive models to Rancho Seco in the southern portion of the county as a case 

study (Figure 1). Predictive modeling provides a visual and statistical assessment of the 

environmental settings which occur at ranches and the probability of archaeological sites 

being present in certain locations. The models I develop will aid Pima County 

administrators in choosing survey parcels for future inventory and provide a refined 

spatial analysis of expected cultural resources at Rancho Seco.
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Figure 1: Discontinuous parcels of the Rancho Seco Study Area and Watershed Divide
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Sonoran Desert Conservation Plan and Open Space Ranches 

The Sonoran Desert Conservation Plan (SDCP) was adopted in 2000 as a 

multifaceted land management strategy using science-based planning (PCOSC 2013). 

The plan takes into consideration the correlation between growth and the depletion of 

resources in the county, directing growth to areas with the least natural, historic, and 

cultural resource values. A county-wide comprehensive assessment of cultural resources 

located within geographic planning units that follow watershed boundaries was presented 

in Saving the Past for the Future (PCOCRHP 2000b). This report details known and 

predicted cultural resources from the last 12,000 years and provides an analysis of the 

conservation potential of various county landscapes to guide resource protection and 

acquisition of conservation parcels to be managed as preserves. Ranch conservation was 

identified as a salient means of fulfilling county objectives for open space, and the 

purchase of ranch preserves, those areas forming fairly unfragmented desert landscapes, 

began using county bond funds (PSOSC 2013).   

SDCP Predictive Models 

To fill gaps in knowledge, Pima County assembled a panel of regional experts to 

qualitatively evaluate county-wide archaeological landscapes. This panel was asked to 

draft archaeological sensitivity maps that spatially represent areas where cultural 

resources would likely be encountered (PCOCRHP 2000b). The archaeological 

sensitivity maps were designed to reveal general patterns of land use and expected site 

locations based on the known patterning of all sites from all time periods in Pima County 
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(PCOCRHP 2000b:5). One key variable in the maps was proximity to perennial water, an 

essential resource in arid desert regions (PCOCRHP 2000b:8-10). The zones were 

ultimately defined as broad-brushed areas of high, medium, and low archaeological 

sensitivity. 

Following the implementation of the SDCP, Pima County purchased Rancho Seco 

in 2005. Rancho Seco is a discontinuous 9,699 acre priority ranch preserve in the Altar 

Valley and Upper Santa Cruz planning units. Although few perennial streams exist in 

county-owned parcels, nearly all of its lands are defined as critical biological habitat 

(Freshwater 2005). However, this preserve is situated primarily within a zone of low-to-

medium archaeological sensitivity. While its physiographic attributes suggest a rich 

archaeological history is probably present, only one percent of the property has been 

systematically investigated (Table 1; Hesse 2005; Doak 2011). There are nine known 

archaeological sites within the county-owned portion of the ranch, including prehistoric 

Native American habitations, resource procurement locales, rock art, ranch enterprises, 

and Spanish Colonial and Mexican period mines (Freshwater 2005; Hesse 2005). County 

managers need more information to effectively manage cultural resources and design 

future inventory efforts while continuing sustainable ranch use.  

Significance of Research 

The goals of my thesis research are to provide Pima County administrators with 

several refined quantitative models of areas likely to contain archaeological site locations 

at Rancho Seco. By using available literature, selected geospatial datasets, and 
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archaeological site locations in Pima County, I build six predictive models that indicate 

the probable distribution and location of archaeological habitations and all other site 

types for three time periods. I use well-studied proxy archaeological landscapes with 

environmental features comparable to county-owned ranch preserves and apply the 

resulting predictive values to Rancho Seco. Values are calculated through the use of 

logistic regression and are expressed as a binary probability surface indicating those areas 

least likely and most likely to contain archaeology. These ranges represent a combination 

of environmental variables that are highly correlated with the locations of different types 

of archaeological sites.  The resulting models use a broad temporal context to proffer 

expected site locations within variable environments at the intraregional scale of analysis. 

The models also offer insight into possible systemic or cultural landscapes as 

archaeological materials evidence empirically understood yet generalized human 

behaviors. For predictive formulas to be accurate, a large population must be sampled to 

formulate models and interpret results at a smaller scale on ranch preserves. 

Consequently, site type models for the Preceramic (12,000 B.C.-A.D. 200), Ceramic 

(A.D. 200-1540), and Historic (A.D. 1540-1950) periods are built for southeastern Pima 

County and then applied to Rancho Seco. Temporal designations follow the SDCP 

(PCOCRHPa). 

My research assumes that archaeological site locations are patterned in eastern 

Pima County, and that patterns extrapolated by assessing the relationship between site 

locations and their environmental settings can be applied to understudied regions to 

understand or posit variable land use. This research also assumes landscape preference, 
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modification, and use through time might also be culturally patterned and that this pattern 

may become evident through the development and critical assessment of regional models. 

This information will be useful for county managers, cultural resource professionals, and 

academicians interested in the semidesert grasslands surrounding Tucson, those areas 

also assumed to be marginalized or along a cultural periphery (PCOCRHP 2000a:17-27; 

AWET 2000, 2001). 

Physical and Environmental Settings 

My predictive models are created using data from the Tucson Basin and 

surrounding areas in southeastern Pima County (Figure 2). Pima County is located within 

the Basin and Range physiographic province of the southwestern United States, within 

the Sonoran Desert biome. This area is characterized by broad alluvial valleys separated 

by linear mountain ranges that sharply rise from valley floors (Scalero et al. 2001:4). 

Rancho Seco is within the southern Altar Valley and western Upper Santa Cruz 

watershed planning units (Figure 1 and Figure 2). Flanked by high mountains on either 

side, the Altar Valley is a narrow watershed containing the Altar Wash which flows 

northward from the Mexican border. The Upper Santa Cruz watershed is bordered by the 

Tumacácori Mountains in the west and contains the northward flowing Santa Cruz River.  
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Figure 2: Southeastern Pima County Study Area in relation to Rancho Seco 
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Although the geology of the Altar Valley and Upper Santa Cruz are similar to that 

of eastern Pima County, the topographic relief of western Rancho Seco is more extreme 

because portions of the preserve are located in the Las Guijas Mountains and nearby the 

Cerro Colorado Mountains. Also, the floodplains of eastern Rancho Seco in the Upper 

Santa Cruz watershed are not as broad as those of the middle and lower valley, and 

perennial water sources are less reliable. However, groundwater is shallow throughout 

and there are numerous springs on and surrounding the preserve that support riparian 

habitats. The Altar Wash, also known as Brawley Wash, and its tributaries are located to 

the west of Rancho Seco. Arivaca Creek, one such tributary is a significant riparian area 

south of the preserve. Sopori Wash, a tributary of the Santa Cruz River, is located in the 

east portion of the preserve and is partially within Rancho Seco’s bounds. Soil formation 

in areas of Rancho Seco is described as silt, sand, gravel and cobbles on alluvial plains 

resulting from canyon-cutting flash floods and mudflows while Late Tertiary and 

Pleistocene weathering has aided in the development of subsurface clays and caliche 

horizons on piedmonts (Bezy et al. 2007:6). Colluviation of some landforms is certainly 

an ongoing process given the persistence of the cattle industry in the area. Elevations 

range from about 300 to 1370 meters above mean sea level. The climate of Rancho Seco 

is semiarid and most of the preserve is located within the warm-temperate grasslands 

region (Brown 1994:122-131) whereas much of Pima County is within the upper Sonoran 

desertscrub region. Annual rainfall for the area was recorded at nearby Buenos Aires 

National Wildlife Refuge as 41.4 cm (Bezy et al. 2007:6). Adaptive cultural 

manifestations are undoubtedly affected by this environment. Given the diverse natural 
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resources that are present at Rancho Seco, there is a high probability that the ranch 

contains more archaeological sites than those currently known. However, nuanced 

differences between the environmental settings of southeastern Pima County and Rancho 

Seco may preclude models from quantifying or predicting all possibilities associated with 

an accurate reflection of Rancho Seco’s archaeological record.   

Theory of Predictive Modeling 

Human adaptive systems follow patterns that become apparent when analyzing 

settlement within certain environmental and social contexts. Having theoretical roots in 

human ecology, settlement systems theory, environmental archaeology, and landscape 

studies (Butzer 1982; Crumley 1994; Judge and Sebastian 1988), the predictive modeling 

paradigm derives from Gordon Willey’s settlement archaeology coupled with New 

Archaeology’s emphasis on quantitative methods (Verhagen and Whitley 2012:51). 

Building on Steward’s model of cultural ecology, which asserts that cultural and human 

biological adaptations are responsive to variable social and physical environmental 

stimuli, Willey (1953) pioneered the concept of settlement systems studies during his 

work in the Viru Valley of Peru. Willey’s suggestion that human settlement locations are 

patterned as a reflection of their position within, and knowledge of, a wider social and 

environmental landscape was the impetus for holistic approaches in studying past 

cultures.  

Beginning in the 1960s, the New Archaeologists—now considered 

processualists—turned their attention to settlement pattern studies with gusto. Influential 
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work undertaken by the Southwestern Archaeological Research Group (SARG) focused 

on identifying commonalities and variability in aspects of human activity locating 

behavior through a comparison of regional survey data. SARG centered the first stages of 

its research on understanding the articulation between environment and colonizing human 

activities over specific geographies (Euler and Gumerman 1978:103). Areas under 

investigation included El Morro Valley, New Mexico; Chevelon Drainage, Arizona; and 

Cedar Mesa, Utah; among others (Euler and Gumerman:1-102). Computer generated 

maps were used as an analytical tool to study the distributions of environmental, cultural, 

and temporal factors in these areas. The maps were further used to define possible use 

areas within these geographies (Euler and Gumerman 1978:152). The underpinnings of 

contemporary predictive modeling were born from SARG’S efforts. Predictive modeling 

discerns whether patterns are predictable by building statistical models that indicate the 

likelihood of archaeological sites being present in particular landscapes (Mehrer and 

Wescott 2006: 4). Predictive models are expressions of a probabilistic relationship 

between human behavior and existing spatial conditions (Verhagen and Whitley 2012: 

71).  

Predictive modeling in archaeology became increasingly popular in the 1980s, and 

since then a number of new elements have been added, including multiscalar settlement 

systems studies, multivariate and univariate statistical analyses, and geographic 

information systems (GIS) to produce quantitative models of site location probabilities 

used for large-scale cultural resource management (Judge and Sebastian 1988; Kvamme 

1992a; Mehrer and Wescott 2006; Wescott and Brandon 2003). Two lines of research 
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were identified in the formulation of early locational models (Kohler and Parker 1986; 

Verhagen and Whitley 2012:51). Largely theoretical, the first line of research resulted in 

models based on the use of ecosystemic structures and relationships used to identify 

spatial suitability. However, these models lacked quantitative measures of spatial area 

(Jochim1976, 1981; Bettinger 1980). A second set of models, based on empirical 

research, were created by extrapolating environmental variables in a quantitative fashion 

and creating correlative statistical summaries that were then applied in unsurveyed areas 

(Kvamme 1983, 1984, 1985; Parker 1985). Kohler and Parker (1986:400) consider the 

latter type of models to be economic in that human behavior is assumed to rely on cost-

effective means of exploiting the environment, therefore environmental settings might 

reflect the results of human exploitative behaviors and land use on a basic level. 

Characterized as empirical-correlative (Kohler and Parker 1986:402), these models were 

later criticized (Kvamme 2006) for being atheoretical and for misinterpreting statistical 

correlations between site locations and their physical environment as an effort to explain 

human behavioral choices involving site preference.  

Kvamme (2006:13) cautions that modelers “need to be clear whether [they] are 

trying to model the systemic context or the archaeological context … the former refers to 

the living behavioral state of a human group or society. The latter refers to the static, 

nonbehavioral state of archaeological materials.” Empirical-correlative models typically 

quantify static elements of the environment and their relationship to the current state of 

the archaeological record. In further support of correlative modeling theory, Kvamme 

(2006:12) remarks that the “act of selecting variables for analysis demands an a priori 
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theoretical perspective that comes from previous work, training, and exposure to the 

theoretical currents of a discipline,” asserting distinct correlative approaches and 

deductive approaches in modeling need not be different (Kvamme 2006:13). 

Whether this is true or not, a paradigmatic shift in predictive modeling produced 

what are termed deductive-explanatory models. These models rely on theories shaped by 

cognitive archaeology, environmental archaeology, human behavioral ecology, and 

landscape studies (Verhagen and Whitley 2012; McEwan 2012; Rockman and Steele 

2003). Environmental archaeology (Reitz et al. 2008) recognizes strategies for resource 

acquisition, nutrition and health, domestication, exchange systems, and emergent social 

complexity as interpreted through human and environmental interaction. Principles of 

landscape studies (Bowser and Zedeño 2009; Heilen 2005; Rockman and Steele 2003) 

explore the interrelationship between landscape cognition and landscape behavior citing 

ontological meanings imbued in a landscape of culture, action, and agency. Following 

this discourse, deductive-explanatory models do not use site locations to offer correlative 

predictions. Instead, deductive-explanatory models use the locations of sites to test spatial 

models developed from theoretical notions of human behavior and site locale preference 

based on cognitive choice. For example, Verhagen and Whitley (2012) use human 

behavioral ecology and cognitive archaeological approaches to model average caloric and 

returned caloric landscapes along the Georgia coast to explain site locations and explore 

theories related to emerging social change. They argue site locale selection reflects 

human choices possibly bound by expected caloric rate returns and cost paths. A 

deductive modeling approach at Rancho Seco would be difficult to produce because of 
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the paucity of survey coverage and the corresponding gaps in our knowledge about the 

archaeological sites that exist in the area. Further survey and inventory of the preserve is 

needed. 

Because of this lack of data, my research seeks to understand the archaeological 

context of Rancho Seco based on regional human-environmental patterns. Therefore I use 

empirical-correlative predictive models to identify probable locations of sites within the 

preserve. Although inherently deterministic and influenced by the idea that human 

economy relies heavily on the environment, empirical-correlative predictive models 

recognize the relationship between human ecosystems and the physical-biological worlds 

they inhabit. The interaction between independent environmental variables such as slope, 

aspect, elevation, soil type, vegetation cover, and distance to riparian zones, high biomass 

habitats, and permanent water has consistently produced signatures predicting site 

locations (Kvamme 1999). Social and behavioral theory related to systemic activities can 

be successfully applied when critically assessing the output of a correlative model 

(McEwan 2012) and correlative models should always be improved with physical testing 

and continued data collection.  
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CHAPTER TWO: ARCHAEOLOGICAL BACKGROUND 

Cultural Overview 

The cultural and archaeological landscapes of Pima County are diverse implying 

variable systemic contexts are possible when one considers multi-scalar interactions and 

processes (Anyon 2001; Whittlesey et al. 2000; Whittlesey 2000a; 2000b). Although 

some archaeologists think these cultural landscapes are best differentiated by 

emphasizing local environmental adaptations, subsistence strategies, and multi-scalar 

interactions rather than broad culture groups delineated by subjective bounds or trait lists, 

a brief culture history of the Tucson Basin and northern Sonora provides a useful 

overview.  

Preceramic Period (12,000 B.C.-A.D. 200) 

The Tucson Basin and surrounding areas contain evidence of human occupation 

beginning nearly 12,000 years ago. During the Paleo-Indian period (~10,000 B.C.-8,000 

B.C.), the first Native Americans arrived in the region. Referred to as Clovis, these 

people gathered wild plants and hunted megafauna, practicing migratory settlement 

patterns in a climate that was cooler and wetter than today (PCOCRHP 2001). Sites in 

Arizona that represent Paleo-Indian peoples are the Murray Springs site and the Lehner 

Kill site in the cienegas of southern Arizona (Haynes and Huckell 2007). In the 

subsequent Archaic period (8,000 B.C.-A.D. 200), there was a continued reliance on 

seasonal hunting and gathering with diversified resource exploitation carried out in 
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upland settings by small mobile groups (Whittlesey and Ciolek-Torrello 1992:14; 

Huckell 1984; Reid and Whittlesey 1997:53). Research by Desert Archaeology, Inc., 

along the Lower and Middle Santa Cruz River floodplain at Los Pozos and Las Capas 

(Mabry and Davis 2008; Gregory and Adams 1999) has however revealed patterns of 

increased sedentism associated with the introduction and intensification of agriculture 

during the Middle and Late Archaic periods, resulting in concentrated riverine 

settlements.  

Ceramic period (A.D. 200-1540) 

The Early Ceramic/Pre-classic period (A.D. 200-A.D. 1150) denotes an era of 

increased complexity for Sonoran Desert farmers, which led to the fluorescence of the 

Hohokam culture in the Tucson Basin and Upper Santa Cruz. Ceramic technologies 

emerged, and pit house settlements were economically focused on agriculture and 

primarily concentrated around drainage basins (Gregory 1991:169), although hunting and 

gathering continued. Hohokam agriculture included large-scale irrigation canals and dry-

land or flood-water farming so that riverine and nonriverine areas were farmed (Fish et 

al. 1992:4). Square Hearth, an Early Ceramic period village is located in the Middle 

Santa Cruz floodplain in Tucson while El Macayo is in the upper Santa Cruz floodplain 

nearer Rancho Seco (Mabry et al. 1997, Deaver and Van West 2001). Public facilities at 

Hohokam pithouse villages included courtyards, platform mounds, ballcourts, and 

reservoirs (PCOCRHP 2001:3; Fish and Fish 2008).  



26 

Contemporaneous cultural groups in nearby Sonora known as Trincheras are 

thought to parallel Hohokam settlement systems during this time (McGuire et al. 1993), 

although material culture and architecture differed as these Trincheras groups built 

defensible hillside settlements with walled living areas that may have functioned as 

agricultural fields or ceremonial spaces (Theil et al. 1995:5; Whittlesey and Ciolek-

Torrello 1992). Trincheras-like sites such as Tumamoc Hill are identified in Pima County 

though they are not attributed to the cultural group (Downum et al. 1994). The Trincheras 

culture remains rather enigmatic but is believed to be a basin and range phenomenon.  

The Classic period (A.D. 1150-A.D. 1450) marks a time of settlement aggregation, 

architectural, social, ideological and demographic change for the Hohokam. Ever 

influenced by outside interaction, the number of platform mounds increased, long 

distance trade intensified, and above-ground adobe structures were constructed along 

major watercourses and large tributaries (Fish and Fish 2008). Agricultural landscape 

engineering continued in the form of erosion control features and upland agave 

cultivation. Various scholars suggest that during the Ceramic period the Tucson Basin 

Hohokam occupied clustered central villages with secondary settlements subsequently 

developed for ritual and political purposes and located some distance away. These 

clustered settlements were then adapted technologically and socially to local 

environments (Gregory 1991:159-193; Fish and Fish 2008). The Marana Mound site 

(Fish et al. 1992) and University Indian Ruin (Milliken et al. 2012) are examples of 

aggregated Classic period mound sites. 
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Sometime after A.D. 1450 Hohokam centers were depopulated and O’odham 

cultures developed (Doelle and Wallace 1991). This period marks the arrival of 

Athabaskan-speaking Apache and shortly thereafter, the Spaniards. O’odham groups 

practiced desert farming and were organized in small settlements often referred to as 

rancherias. The O’odham were more mobile than earlier Hohokam groups, but continued 

many of the same patterns of land use. Living in brush structures (“ki”s), the O’odham 

practiced seasonal farming, wild plant gathering, and hunting. They occupied areas 

around upland springs in the winter, and alluvial valleys in the summer (PCOCRHP 

2001:5; Fish et al. 1992:17; Reid and Whittlesey 2007:75; McGuire et al. 1993).  

Historic period (A.D. 1540-1950)  

The beginning of the Historic period does not constitute the end of aboriginal 

lifeways but the arrival of Europeans was associated with a transition in environmental 

and political ecology and landscape use. The Historic period in eastern Pima County is 

associated with rural and urbanized landscapes of conquest, missionization, ranching, 

homesteading, and variable resource extraction (Whittlesey 2000; O’Mack and Toupal 

2000). Following the Coronado expedition of 1540, extended contact between Native 

Americans and Spaniards in southern Arizona did not occur until the arrival of Father 

Kino in 1691 (PCOCRHP 2001:5). Father Kino established missions at San Xavier del 

Bac, San Jose ́ de Tumácacori, and San Gertrudis de Guevavi near Sonora (Bolton 1936). 

Generally referred to as the Spanish Colonial and Mexican period (A.D. 1700-A.D. 

1856), this time is characterized by the continued presence of Euroamericans, the 



28 

construction of presidios, missions and rancherias, and the introduction of new 

technologies, non-native foodstuffs, cattle, horses, sheep, and the economic exploitation 

of precious metals (PCOCRHP 2001:6).  

Major events during the Historic period included intensive Apache raiding, the 

Pima Revolt of 1751, the establishment of Mexico as a nation (1827) and the abolition of 

the mission system, the U.S.-Mexican War (1845-1848), and the Gadsden Purchase of 

1854. Numerous Anglo-Americans began establishing themselves in Southern Arizona 

during this time. From A.D. 1856-A.D. 1912, the territorialization of Arizona saw 

increased Anglo presence culminating with the building of the transcontinental railroad 

and exacerbated by the Homesteading Act of 1862. As hostilities with the Apaches 

dwindled in the late 1880s, Euroamerican populations shifted from the presidios of 

centralized Tucson to peripheral regions long occupied by Native American groups 

(PCOCRHP 2001:7), namely the O’odham. O’odham presence persisted however, and 

populations may have numbered as many as 14,000 during the Historic period. Ranching 

and mining by Anglos intensified as wells were dug, water sources were exhausted, and 

land was divided into sellable parcels. Following these changes in territoriality coupled 

with Arizona’s statehood, political action continued to shape land use and modifications, 

especially during the 1930s with WPA and CCC activities.  

Classification of Archaeological Sites in Eastern Pima County  

Site typologies were developed for the cultural and historical resources element of 

the SDCP (PCOCRHP 2000a). Typological and temporal criteria were compiled by the 
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Arizona State Museum staff, and site locations from AZSITE were used to create a 

relational database listing archaeological sites by function type and temporal association. 

I used this information to group sites in ArcGIS so that each site was included in a feature 

class that expresses a specific type of site within three time periods: Preceramic, Ceramic, 

and Historic (Appendix A). The site types consist of “habitations” and “all other sites.” 

Habitations may include elements of agriculture. Other sites encompass cultural 

manifestations associated with agriculture, art, communication, disposal, government, 

resource processing, resource procurement, religion, storage, and transportation. The 

latter typology was developed by Pima County during the drafting of the SDCP 

(PCOCRHP 2000a). 

Site type and temporal designation were discerned using criteria entered in 

AZSITE’s site entry module, including the nature of various features and structures and 

the composition and density of artifact assemblages. Habitations are sites with an element 

of permanence on the landscape, where everyday activities at the household and intersite 

level were carried out. All other sites represent localities associated with subsistence and 

economic enterprises, and places evidencing past ideological practices. Whatever the 

behavior associated with a site type, humans altered the landscape so that site location 

can be used as an analytical unit for understanding cyclical, punctuated, continuous, or 

changing activities through time. The ways humans cognize their environment also 

affects behaviors and this can be explored when interpreting results of predictive site 

locational models. It is also important to consider that typological assessments are largely 

qualitative observations to start and this is reflected in the output of any predictive model. 
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Previous Archaeological Documentation at Rancho Seco 

Few archaeological investigations have been conducted on the county-owned 

portion of Rancho Seco. Eleven survey projects have been carried out, covering a little 

over one percent of the property (Table 1). Nine archaeological sites (Figure 3) were 

identified during these undertakings, with a majority recorded as part of a reconnaissance 

survey in 2005 (Hesse). Sites range temporally from the Archaic through the late Historic 

period. Sites with prehistoric or aboriginal components are primarily attributed to the 

Hohokam, Tohono O’odham and Sobaipuri, or Apache people although this area, and 

some sites at Rancho Seco, is thought to exhibit characteristics similar to the Trincheras 

culture of northern Sonora. Rancho Seco is also situated on ancestral lands of the 

O’odham people (Erickson 1994) while nearby Arivaca was a visita of Guevavi and 

considered a focal point for native populations in the eighteenth century (Whittlesey and 

Ciolek-Torrello 1992:17). Historical period features are associated with Spanish, Anglo, 

and Mexican American miners, ranchers, and homesteaders who conceived of and 

impacted the land differently than aboriginal groups. A History of Working Landscapes: 

The Altar Valley, Arizona, USA (Sayre 2007) details how ranchers in this area have 

shaped the landscape over the last 125 years. 

The archaeological landscape is largely composed of Native American and 

Euroamerican occupations, resource extraction, and processing areas, although some sites 

represent places of social expression in the form of rock art and contain permanent 

objects like large pecked boulders of unknown utility (Site AZ DD:7:30[ASM]). Sites 

contain roasting features, grinding features, structures, artifact scatters, petroglyphs and 
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pictographs. Most sites are characterized as surficial artifact concentrations, although 

there is a potential for buried deposits in alluvial settings. Sites are primarily located on 

upland bajadas, in rolling hills, and in proximity to floodplains and intermittent water 

sources, with the exception of mining sites that are found in the igneous mountain ranges 

within the preserve. All sites are within the semidesert grassland biotic community. This 

vegetative zone is dominated by grasses, annuals, and geophytes while trees, shrubs, and 

succulents are also present (Brown 1980; Brown 1994:123; Doak 2011:2).  

Several sites considered to be Hohokam habitations are located near Sopori Wash 

(Figure 3). Site AZ DD:8:5(ASM) is a large habitation with high-density artifact 

concentrations, thermal features, and probable pit house depressions. Buried deposits are 

expected. Hesse (2005:6) estimates 10,000 or more ceramics, 5,000 pieces of flaked stone 

debitage, and 50 or more ground stone artifacts are present along with probable cremated 

human bone. Ceramics are primarily plain wares and some red ware although a few red-

on-brown sherds and a possible red-on-white polychrome were noted. Hesse also stated 

the original site card describes “Sacaton R/B [red-on-buff], Red plain, Trincheras, and 

Tucson painted types” (Hesse 2005:6). Flaked stone debitage consists of jasper, rhyolite, 

quartzite, chalcedony, and white chert. A few tools were observed. Handstones, trough 

and basin metate fragments, and other slabs were among the grinding implements. Site 

AZ DD:8:6(ASM) overlooks Sopori Wash to the south. Artifacts are less in number but 

similar to those at site AZ DD:8:5(ASM). At least two probable pit houses are present 

although how these are denoted is not described. Three probable check dams were noted 

in a small drainage nearby, as was a lizard petroglyph pecked on a boulder and cremated 
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human bone. Site AZ DD:8:131(ASM) and Site AZ DD:8:175(ASM) are also identified 

as Hohokam habitations near Sopori Wash and are along the floodplain and bajada. Both 

contain abundant lithics, ground stone, and sherds (Huckell 1978; Twilling 2003). 

Other prehistoric sites not explicitly affiliated with any cultural groups include 

habitations and resource processing areas. Indian Cave (Site AZ DD:7:30[ASM]) is 

described as two rock shelters located in an east-west trending ridge south of Bolas 

Blancas Wash, a tributary of Altar Wash. The northern rock shelter contains several 

boulder mortars a large amount of ceramics, flaked stone debitage, ground stone, fire-

cracked rock, and historic glass, metal, and milled lumber. The southern shelter contains 

pictographs, cupules, bedrock mortars, additional artifacts, and probable cremated human 

bone. Pictographs include two white-on-red shield motifs, a gray human stick figure, and 

a black square with an enclosed circle among others. A boulder under the drip line has 

numerous bedrock mortars (Figure 4) and approximately 150 pecked cupules over its 

surface (Hesse 2005:6). Site AZ DD:7:65(ASM) is low density artifact concentration 

with one large fire cracked rock feature located south of Bolas Blancas Wash. Artifacts 

include numerous grinding implements, flaked stone debitage, and plain ware schist-

tempered ceramics. One sherd may be Papago red ware. Probable cremated human bone 

was also noted as was the potential for buried deposits (Doak 2011:8).
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Figure 3: Sites Buffered at 500 m on Rancho Seco Preserve 
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Figure 4: Boulder with cupules at Indian Cave Site AZ DD:7:30(ASM)
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Systematically recorded historic sites are limited to mines, associated milling 

plants, and homesteads. Ranches are present throughout the area but have not been 

extensively documented. Site AZ DD:7:11(ASM) is the historic Cerro Colorado Mine, 

also known as the Heintzelman mine. This site includes a concrete mill foundation, 

tailings and waste rock, shafts, two single-course stone structure foundations, a grave 

marked John Poston, and historic artifacts such as tin cans and glass (Hesse 2005:5). Site 

AZ DD:7:29(ASM) is the Las Guijas Mill Site, although the mill superstructure has been 

removed. Nearby mines were worked prior to the 1900s for gold and silver, and were 

mined intermittently since World War I mainly for tungsten. Water for the mill was 

acquired from wells in the bottom of nearby Las Guijas Wash. Foundations and 

machinery remain at the site (Hesse 2005:6). Site AZ DD:7:8(ASM) is a multicomponent 

site. The historical component is an early twentieth century Euro- or Mexican-American 

century habitation. A stacked-stone-and-mud-mortar foundation and a low earthen mound 

with a segment of adobe wall were described. Historic artifacts such as bottle bases 

indicate the occupation may have been around 1924–1929 (Hesse 2005:4–5). The 

prehistoric manifestation consists of a low-density scatter of ceramics, flaked stone, and 

ground stone with several fire-cracked rock clusters in the vicinity. A Cortaro-style 

projectile point suggests an earlier late Middle Archaic component may also be present.  

The recorded archaeological sites at Rancho Seco represent those systematically 

documented during survey, however, a search of USGS 7.5 minute quadrangle maps and 

General Land Office plats reveal other archaeological features are present (Figure 5). 

Historical period features within Rancho Seco include a cemetery, corrals, cattle tanks, 
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ranches, houses, mines, and windmills that are depicted on maps, some dating as early as 

1888. GLO and USGS features were generally not available as spatial layers for the 

county as a whole and for this reason are regrettably not considered in the formulation of 

my predictive models. However, GLO and USGS features present at Rancho Seco have 

been digitized as points, polygons, or lines and should be qualitatively analyzed against 

the Historic period model as part of testing its robustness (Table 2 and Figure 5). 

Table 1: Archaeological Projects on Rancho Seco 

Project Name/Description Project 
Number 

Reference Acres 

Archaeological Survey of Right of way Between 
Tumacácori and Arivaca for TRICO Electric Coop. 

1984-098.ASM Martynec 
1983 

9.67 

Arivaca Survey 1988-94.ASM Maldonado 
1988 

20.00 

The Arivaca Overhead Rebuild Survey 2000-419.ASM Plummer 
2000 

5.13 

TRICO BLM Right of way AR 011059 2008-45.ASM West 2007 0.02 

Archaeological Survey of ROW between 
Tumacácori and Arivaca for TRICO 

1984-118.ASM Martynec 
1983 

32.62 

Arivaca Road (MP11-21) 2001-659.ASM Stephen 
2001 

21.16 

Cattle Guard Crossings in the Southern Pima 
County 

2012-48.ASM N/A 0.55 

Arivaca to Amado Survey 1996-412.ASM Tompkins 
1996 

14.76 

Archaeological Survey of Approximately 9.5 Miles 
for the Arivaca Overhead Distribution Powerline 
Rebuild, Pima and Santa Cruz Counties 

2003-549.ASM Twilling 
2003 

2.28 
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Table 1 Continued 

Project Name/Description Project 
Number 

Reference Acres 

Survey for Intended Helipad Site North of Arivaca 2011-503.ASM Doak 2011 0.55 

A Cultural Resources Evaluation of Rancho Seco, 
Pima County, Arizona 

2005-492.ASM Hesse 2005 N/A 

Total Acres     106.75 
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Table 2: USGS and GLO Findings 

Feature Description Map Type Filed/Date 

Cemetery "Cem" USGS Saucito Mtn 1981 

Corral "Brush Corral" GLO 11/10/1888 

"Corral House" GLO 11/10/1888 

"Corral Brush" and "Adobe House" GLO 4/30/1910 

House "House Moreno's" GLO 11/10/1888 

"House Robled's" ?, along Las Guijas Wash GLO 11/10/1888 

"Corral Brush" and "Adobe House" GLO 4/30/1910 

"Martinez's House" GLO 11/10/1888 

Mine "Black Princess Mine"  USGS Cerro Colorado 1979 

"Shaft" and "Old Road" GLO 11/10/1888 

"Water Tanks" and unnamed windmill, "Silver Hill Mine"  USGS Cerro Colorado 1979 

"USMM 6" USGS Cerro Colorado 1979 

"Shaft Miras delTajo" ? GLO 11/10/1888 

"USMM 4" USGS Arivaca 1980 

"Mentor", "May Queen", and "Olive" mine claims GLO 4/30/1910 
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Table 2 Continued 

Feature Description Map Type Filed/Date 

Ranch "Rancho Seco" USGS Cerro Colorado 1979 

"Montano Ranch" USGS Cerro Colorado 1979 

"Santa Lucia Ranch" USGS Saucito Mtn 1981 

"R D Mouza Ranch" GLO 4/30/1910 

"KX Ranch" USGS Saucito Mtn 1981 

"Campos Ranch" and unnamed tanks USGS Arivaca 1980 

Tank "Water Tank" along Bolas Blancas Wash USGS Cerro Colorado 1979 

"Water Tanks" and unnamed windmill, "Silver Hill Mine"  USGS Cerro Colorado 1979 

"Water Tank", road leading to tank USGS Cerro Colorado 1979 

"Water Tank" USGS Cerro Colorado 1979 

"Placer Tank" USGS Cerro Colorado 1979 

"Placer Tank" USGS Cerro Colorado 1979 

"Basin Tank" USGS Saucito Mtn 1981 

"Suzy Q Tank", "Suzy Q Well", and windmill USGS Saucito Mtn 1981 
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Table 2 Continued 

Feature Description Map Type Filed/Date 

Well "Shirley Well" USGS Cerro Colorado 1979 

"Well" USGS Saucito Mtn 1981 

"Anne Bee Well" and windmill USGS Saucito Mtn 1981 

"Suzy Q Well", windmill, and "Suzy Q Tank" USGS Saucito Mtn 1981 

"Martinez Well" along Las Guijas Wash USGS Las Guijas 1984 

Windmill "Water Tanks" and unnamed windmill, "Silver Hill Mine" USGS Cerro Colorado 1979 

Two unnamed windmills along Las Guijas Wash USGS Cerro Colorado 1979 

Two unnamed windmills along Las Guijas Wash USGS Cerro Colorado 1979 

Unnamed windmill USGS Cerro Colorado 1979 

Unnamed windmill USGS Saucito Mtn 1981 

Unnamed windmill USGS Cerro Colorado 1979 

"Anne Bee Well" and windmill USGS Saucito Mtn 1981 

Windmill, "Suzy Q Well", and "Suzy Q Tank" USGS Saucito Mtn 1981 

Unnamed windmill USGS Cerro Colorado 1979 
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Figure 5: Historic features from USGS and GLO records
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CHAPTER THREE: METHODS 

Research Objective  

The Rancho Seco preserve is identified as an area of low archaeological sensitivity 

in earlier expert-opinion based predictive models (PCOCRHP 2000b). These models are 

qualitatively derived and use vast institutional knowledge of Pima County’s 

archaeological record to suggest and spatially identify areas of high, medium, and low 

sensitivity. In drafting these models, experts considered the known archaeological 

landscape (all sites at all times), proximity to water, topography, and elevation 

(PCOCRHP 2000b:9). Those geographic areas identified as sensitive were then combined 

with a map that buffered major watercourses at two miles. The results were published in 

2000 and represent the current working predictive models of the SDCP. While they have 

not been systematically field verified, they are continuously accurate in their predictions 

as new archaeological data is generated within the county. 

Although Rancho Seco falls within an area that is largely considered low 

archaeological sensitivity, around one percent of the ranch preserve has been subjected to 

archaeological investigations and the property remains relatively unstudied. Guided by 

the assumption that archaeological site locations are environmentally patterned in Pima 

County, my research uses multivariate logistic regression and GIS to predict the spatial 

patterning of archaeological sites using southeastern Pima County as a study area and 

Rancho Seco as a case study. This research builds on the theoretical and qualitative 

models generated by expert-opinion but provides a statistical backing that supports, 
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refutes, or refines expert-opinion model predictions concerning the characterization of 

varied archaeological landscapes. Quantitative models also provide a mathematical 

formula expressing the environmental patterning of sites in Pima County, essentially 

predicting site locations based on the existence of their preferred environments. 

Discreet environmental signatures (best-fit models) are deduced for archaeological 

site types within a specified temporal context by quantifying portions of the physical 

study area (Figure 2). The probable spatial distributions of site locations within the 

preserve are then assessed by searching for similar environmental conditions at Rancho 

Seco. The question of whether southeastern Pima County serves as an appropriate proxy 

for the array of sites and environmental settings present at Rancho Seco is also addressed 

in the Conclusions chapter of this thesis. Land use and behavioral adaptations that 

resulted in a particular archaeological landscape might further be understood as an 

expression of an environmentally and temporally patterned archaeological record. 

Undoubtedly controlled by local conditions and reflective of social change, this record 

remains scantly understood in the area of my case study with the exception of known 

historic enterprises. My predictive models provide investigatory tools for considering the 

possible archaeological contexts of Rancho Seco and may implicate certain systemic 

contexts as understood through regional comparisons. The models should be empirically 

verified with data collected on future archaeological surveys.  
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Independent Predictor Variables  

Independent predictor variables represent categorized biophysical data that are 

analyzed in conjunction with archaeological site locations to identify patterns of 

significant and nonrandom covariation. A suite of thematic spatial datasets are available 

through Pima County’s MapGuide (PCGIS 2014). Several of these datasets were selected 

to serve as independent predictor variables in the quantification of southeastern Pima 

County’s archaeological record (Table 3). Given that much of subsistence based behavior 

is largely structured by the physical environment, I use topographic terrain measures, 

landform types, distances to water sources, and vegetation cover in my spatial analyses. 

Topographic terrain measures are derived from a 10-meter resolution digital 

elevation model (DEM) of the study area acquired from the United States Geologic 

Services’ National Elevation Dataset (USGS NED 2014). The DEM was used to 

calculate surfaces conveying slope, aspect, shelter, and three measures expressing change 

in elevation: texture, total relief, and relief above (Kvamme 1990; 1992a:25-27; 1992b). 

Landform data in the form of vector polygons obtained from the Pima Association 

of Governments and Arizona Geologic Society were classified and rasterized for use in 

spatial analyses. Landform types used in the multivariate logistic regression include 

alluvial plains, terraces, pediments, bajadas, hills, and mountains. Vegetative zones 

adapted from Brown and Lowe (1980) and provided by the Arizona State Land 

Department’s (ASLD) Arizona Land Resources Information System (ALRIS) include
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Table 3: Independent Predictor Variables (Distance Ranges) *measurement represents the 
closest and furthest distances from the environmental features within the study area 

Variable *Euclidean 
Distance Range 

Description 

Washes 500-
5000 CFS 

0 - 51734.7 m Hydrology: Pima County MapGuide (PCGIS 2014) 

Washes 
5000-10000 
CFS 

0 - 54080.8 m Hydrology: Pima County MapGuide (PCGIS 2014) 

Washes over 
10000 CFS 

0 - 39053.6 m Hydrology: Pima County MapGuide (PCGIS 2014) 

Springs 0 – 29283.6 m Hydrology: Pima County MapGuide (PCGIS 2014) 

Riparian 
corridors 

0 – 17626.3 m Hydrology and Vegetation: Pima County ITD GIS 
(PCGIS 2014; PCCOO 2014) 

Alluvial 
Plains 

0 - 50771 m Landform: Pima County Flood Control District (PCGIS 
2014) 

Bajadas 0 – 12041.7 m Landform: Pima County Flood Control District (PCGIS 
2014) 

Hills 0 – 20616.7 m Landform: Pima County Flood Control District (PCGIS 
2014) 

Pediments 0 – 21969.8 m Landform: Pima County Flood Control District (PCGIS 
2014) 

Mountains 0 – 18591.4 m Landform: Pima County Flood Control District (PCGIS 
2014) 

Terraces 0 – 40502.4 m Landform: Pima County Flood Control District (PCGIS 
2014) 

Chihuahuan 
desertscrub 

0 – 112349 m Vegetation Zone (Brown and Lowe 1980): Pima County 
MapGuide 

Upper 
Sonoran 
desertscrub 

0 – 40920.8 m Vegetation Zone (Brown and Lowe 1980): Pima County 
MapGuide 

Colorado 
desertscrub 

0 – 85900.9 m Vegetation Zone (Brown and Lowe 1980): Pima County 
MapGuide 

Semidesert 
grasslands 

0 – 20449.3 m Vegetation Zone (Brown and Lowe 1980): Pima County 
MapGuide 

DEM 655.9 - 2643.6 m National Elevation Dataset (USGS NED 2014) 
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Table 3 Continued  

Variable *Euclidean 
Distance Range 

Description 

Aspect 0 – 180  Calculated from DEM: National Elevation Dataset 

Slope 0 – 1289.4  Calculated from DEM: National Elevation Dataset 

Relief above -114.5 – 324.3 m Calculated from DEM: measures the elevation change 
between a target raster cell and the highest elevation 
(maximum) in a surrounding analysis neighborhood (100 
m area) (Kvamme 1992a:25-27) 

Texture 0 – 361.4 m Calculated from DEM: overall roughness of area using 
the standard deviation of elevations in a 100 m area 
(Kvamme 1992a:25-27) 

Total relief 0 – 137.9 m Calculated from DEM: the difference (range) between the 
highest and lowest elevations in a 100 m area (Kvamme 
1992a:25-27) 

Shelter -1.9 – 1.0 Calculated from DEM: measures the level of exposure 
over a 100 m area in terms of volume (Kvamme 
1992a:25-27) 
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upper Sonoran desertscrub, semidesert grasslands, Chihuahuan desertscrub, and Colorado 

River desertscrub. Vegetation such as areas of Madrean evergreen, Petrane conifer, and 

Plains and Great Basin desertscrub, although in portions of Pima County, were not 

concentrated in the study area and were not used in the analysis. Insomuch, these 

vegetative zones may have been too broad to be useful in the regression. 

Distance to perennial and intermittent or tertiary water sources with known flow 

rates expressed as the amount of water moved per cubic feet per second (CFS), were 

calculated as raster surfaces. Hydrologic line data obtained from the ASLD, ALRIS were 

classified into three datasets; washes with 500 to 5000 CFS, washes with 5000 to 10,000 

CFS, and washes with over 10,000 CFS. The latter are considered to be rivers in Pima 

County, and most flow seasonally today. Distances to springs were also considered in the 

analysis. Spring location data was extracted from the USGS GeoNames database, USGS 

Division of Local Governments, the Arizona Department of Water Resources database, 

and Pima County field data. The final predictor variable, the riparian habitats dataset, 

concerns both water and vegetation. Riparian habitats are those areas characterized by the 

covariance of large and dense vegetation in comparison to nearby upland areas. Riparian 

habitats associated with floodplains or reliable water and foster high biological 

productivity. Much of the riparian habitats in Pima County are considered mesoriparian. 

These are places where perennial or intermittent streams flow, groundwater is shallow, 

and mesquite, ash, or netleaf hackberry among other plants grows. Riparian vector data 

were created by Pima County ITD GIS (Chapter 16.56) and are defined in the Pima 

County ordinance 2005-FC2 (PCCOO 2014). 
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These predictor variables are solely environmental in nature and do not take certain 

social, politicized, or ideologically based human behaviors into account with respect to 

site location. This is especially true in the case of recent Euroamerican groups that 

viewed and invested in the land differently, often with specific economic and political 

agendas. Later groups such as ranchers, miners, and homesteaders had more mechanized 

means of colonizing the landscape in new and diverse ways which may better be reflected 

in the quantification of different spatial predictors and by further dividing site typologies 

that reflect specific historic landscapes. Nevertheless, by comparing what predictors are 

most closely correlated with specific site types in their respective temporal contexts, the 

differences in land use and location preferences based on the present environment is 

apparent. 

Methods for GIS Preprocessing  

All independent variable data were obtained from Pima County’s MapGuide with 

the exception of the DEM. Dependent data (site locations) were obtained using the 

AZSITE database maintained by the Arizona State Museum. Data were imported into an 

ArcGIS file geodatabase and all processing was done in this database. Data were 

projected from the Arizona State Plane coordinate system to the Universal Transverse 

Mercator (UTM) datum NAD 1983 HARN Zone 12.  

A GIS layer containing polygonal and line data for all archaeological site locations 

in Pima County was obtained from AZSITE. Along with site geometry, this shapefile was 

accompanied by an attribute table containing binary data that conveyed the site type 
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function and temporal designation for each site location. An attribute table was joined 

with the shapefile and structured query language (SQL) selections were used to classify 

sites by type and time period. Sites were transformed from vector polygons to points for 

analyses. Sites were further organized into respective feature classes within one feature 

dataset. Site types include Preceramic habitations, Preceramic all other sites, Ceramic 

habitation, Ceramic all other sites, Historic habitations, and Historic all other sites. 

The study area is irregularly shaped and covers an area 7,349,716 km2 (~1.8 million 

acres) in size (Figure 2). It was delineated to encompass Rancho Seco and areas with 

comparable physiographic elements. The study area also represents portions of the county 

with substantial survey coverage suitable for producing a stratified yet characteristically 

accurate sample of archaeological landscapes. A polygon representing the study area was 

created and all analysis was restricted to this area (Figure 2). In selecting sites by their 

location within the study area, sites that fell outside were deleted from their feature 

classes. Sites without temporal components were also eliminated. This procedure yielded 

a total of 2,158 sites for use in predictive modeling.  

Pima County biophysical data were imported into a feature dataset along with the 

DEM. A 10-meter contour DEM representing the highest resolution available was used to 

determine the processing parameters of all other variables and maintain consistency in the 

analyses. The DEM for the study area was rasterized, essentially creating a surface grid 

of 10 m by 10 m cells, each cell containing a number expressing its respective elevation. 

Slope and aspect were calculated from the DEM and the DEM was used to create three 
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raster surfaces, all of the same size and resolution, showing changes in elevation. All 

DEM derived variables are continuous ratio-scale.  

The first DEM variable is the overall roughness of the study area and is calculated 

by measuring the standard deviation of elevations in a 100-meter diameter area (analysis 

neighborhood). This variable is called texture. The lower the standard deviation the 

smoother the surface texture and vice versa. The second variable, total relief, represents 

ranges of the difference between highest and lowest elevations in a 100-meter diameter 

area (analysis neighborhood). The third measure, termed relief above, is calculated by 

using the maximum elevation in a 100-meter diameter area (analysis neighborhood) and 

subtracting the actual elevation for the same area (analysis neighborhood). This raster 

surface measures the elevation change in a target raster cell and the highest elevation in 

the 100-meter diameter area that surrounds the target cell. The third terrain measure is 

called shelter and expresses the level of exposure of an area. To create the variable a 

virtual cylinder is passed over the DEM resulting in measures of volume. High volumes 

indicate higher exposure and are associated with prominent features on a landscape while 

low volumes indicate more inconspicuous and sheltered areas (Kvamme 1988; 1990).  

To prepare the additional independent environmental variables for statistical 

regression they were transformed from discrete to continuous ratio-scale data. One 

method for this transformation is to create Euclidean distance maps using vector data. 

Points, lines, and polygons represent the spatial extent of specific types of environmental 

data, in this case landform types, vegetative zones including riparian habitats, and 

hydrologic features (watercourses and springs). Euclidean distances maps are raster 
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surfaces in which each cell contains a value that expresses the straight-line metric 

distance of that cell respective to a particular point, line, or polygon feature. To make 

Euclidean distance maps, I first visually assessed the composition of each environmental 

dataset. I then combined landform types into manageable feature classes to eliminate the 

number of variables used in the regression and bolster the accuracy of my predictions. 

For example, I combined alluvial plains and dissected alluvial plains into one category. 

Watercourses were divided based on CFS as noted in the proceeding section. Vegetative 

zones were well defined and used as adapted from Brown and Lowe (1980). Riparian 

zones and spring locations were not altered. All datasets were combined using SQL. 

The preprocessing of the independent variable data was completed by calculating 

10-meter resolution raster surfaces with each cell containing a number that indicates 

either ratio-scale terrain measures or distances from various environmental features. In 

order to create the tabular data used in the regression from these spatial data, the ArcGIS 

spatial analyst tool called “Sample” was used. This tool takes the location of point data, 

such as sites by type, and extracts raster values for each independent predictor variable at 

the location of that site; it further amasses these values as attributes of the sites. In the 

regression a control group (random points) is used against the study group (site locations) 

to ensure that any non-randomness in covariation within the study group is verifiable. 

The same raster datasets were sampled at the locations of a set of random points to 

produce the tabular control group data (Figure 6). Once the appropriate ratio of random 

locations to site type locations was selected, both control and study groups were 

combined into one table and these data were used as the dependent variable in the 
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regression. Site locations are labeled as “1” and the random point locations as “0”. Six 

individual tables containing raster value data relative to each study group (site type 

within each time period) and control group (random points) were used in the statistical 

analyses.  

Methods for Statistical Analysis  

Logistic regression is a statistical test used to predict the outcome of categorical 

data (site locations) through the examination of the dispersion of dependent variables 

(site types) with respect to the observed values of independent variable sets 

(environmental data). Regression assumes linearity in dependent-independent 

relationships and results in a best-fit model, which expresses the mathematical 

combinations of independent variables contributing most to the non-random occurrence 

of a dependent variable. Regression searches for and evaluates the covariance of all 

independent variables and site locations simultaneously; this analysis calculates 

correlation coefficients and significance measures expressing (1) the strength and 

direction of the raster-value-site-location relationships, and (2) the probability that these 

relationships are not random. A correlation coefficient is measured in terms of R or R2 

and can range from strong (1 [or -1]) to weak (0). The probability value (p-value) of a 

correlation coefficient expresses the significance level of covariation between two or 

more variables (Shennan 1997). Correlations are good for exploring causality in models 

but significant levels of covariance do not explain causation in terms of human-

environmental relations.  
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 Multiple regression can become overly complex with the introduction of many 

predictor variables and stepwise options are generally done to strengthen model outputs. 

Using the statistical package SPSS, I performed forward stepwise binary logistic 

regression to analyze the dispersion of sites types around 22 independent variables (Table 

3). This method adds and subtracts variables in multiple steps until there is a diminished 

marginal increase in R2 values and the best-fit model is achieved (Drennan 1996; 

Shennan 1997). Further, a best-fit model represents which combinations of independent 

variables are most successful at predicting the locations of sites. The final step in the 

regression lists the R2 values or beta-coefficients of each independent variable used in the 

model’s final equation, their p-values, and a constant or Y-intercept. Probability values 

are calculated around R2 values at a confidence interval of 95 percent so that a low p-

value in my models is statistically significant (p < 0.05). A p-value of less than 0.05 

indicates there is less than a 5 percent chance that covariation between the dependent and 

combinations of independent variables is random. The significance of each variable used 

in my model’s predictive equations will be briefly discussed in the following chapter. 

Once coefficients with statistical significance are identified each must be multiplied 

by the original raster dataset to weight them toward a site type’s preferred environment. 

These weighted variables are then added to the constant or Y-intercept. First the Y-

intercept must be corrected because the study and control groups are generally of close, 

but varying sizes. The Y-intercept is corrected with the equation:  

α' = α + ln (n2 / n1) 
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In this equation α is the Y-intercept and α' is the corrected intercept, ln is a natural 

logarithm, n1 is the largest of the groups (study or control), and n2 is the smallest (Warren 

1990). Following the correction of the intercept, the formula for the logistic regression 

can be calculated and fed back into a GIS. The equation for the formula is as follows: 

(α' = α + ln(n2 / n1)) + (independent variable 1 x β coefficient 1) + (independent 

variable 2 x β coefficient 2) + … (independent variable n x β coefficient n)  

A final raster surface, the probability model, is created by scaling the outcome of the 

proceeding equation between 0 and 1 by applying a logistic transform (Kvamme 

1992a:30; Kvamme 1992b). All surfaces between 0 and 0.5 are considered to be areas 

less likely to contain archaeological sites and surfaces between 0.5 and 1 are those highly 

likely to contain sites. In sum, the values nearer 1 reflect physical environments that are 

like the study area. This surface is called the binary model. The logistic transform 

equation is: 

1 / (1 + exp(-probability model) 

To test the model’s effectiveness in predicting sites within an area considered highly 

likely to contain archaeology, an efficiency estimation (gain over chance) is calculated 

and expressed as a percentage. In theory, a model that predicts 50 percent of known sites 

would be capable of improving in-field-location of sites in unsurveyed areas by 50 

percent. Of course one must always be aware of those sites that do not follow a 

predictable pattern and understand the transparency of models that are biased by survey 

sampling and human error. Sampling during survey is inevitable in that sites are often 

where we must legally look and sites are qualitatively defined. Therefore, unpredictable 
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sites might best be expressed qualitatively as specific cultural landscapes or those 

offering certain opportunities for specific resource acquisition or landscape use. A 

deductive-explanatory approach might be taken in these cases. Regardless, new data must 

always be sought to improve both qualitative and quantitative models. 
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Figure 6: Location of Random Points (Control Group) 
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CHAPTER FOUR: ANALYSIS  

Spatial Analyses of Probable Site Locations by Time Period in Southeastern Pima 

County  

A total of six predictive models were built using site centroid locations of 

archaeological sites (n=2,158) in southeastern Pima County and environmental data. 

Temporal components and site types for all archaeological sites were determined by 

examining a previous county-wide inventory of cultural resources conducted during the 

planning phases of the SDCP (PCOCRHP 2000a). Sites added to AZSITE’s database in 

the 13 years since the SDCP inventory were also included in my analyses. There are a 

total of 75 habitation sites and 946 other sites documented for the Preceramic period 

(12,000 B.C.-A.D. 200). There are 173 habitation sites and 1,593 other sites documented 

for the Ceramic period (A.D. 200-1540). There are 111 habitation sites and 360 other 

sites documented for the Historic period (A.D. 1540-1950). Site types and temporal 

designations were defined by updating and using the AZSITE relational database. The 

spatial locations of sites were plotted using ArcGIS tools and sorted into time periods for 

analyses. 

The efficiency of predictive site locational models was calculated for each of the 

time periods. Efficiency was calculated by dividing the total area of a model that is 

considered highly likely to contain archaeological sites by the number of sites that fall 

within this particular area.  
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efficiency = 1 – (percentage of total raster cells within most likely area / percentage 

of total sites within most likely area)  

The total area of the models that rank as highly likely to contain sites represent a raster 

surface, with 10 m resolution, produced from the mathematical combination of 

overlaying datasets of statistically significant environmental variables and appropriately 

weighting them (see Chapter Three). This essentially produces a patterned surface that 

reflects areas containing all the variables needed to predict specific site type locations 

(Figure 7, Figure 8, Figure 9, Figure 10, Figure 11, and Figure 12). Site locations are then 

added to the model and its efficiency is assessed against where the sites fall within the 

model. 

The binary model reflecting the probable locations of Preceramic habitations in the 

study area performed at an efficiency level of 0.65 (65 percent), correctly predicting 64 of 

the 75 known site locations, or 85 percent of all sites. In the study area, only 29.71 

percent of sites fell within an area considered to be highly likely to contain sites of this 

type. The surface showing the probable distribution of all other Preceramic site types 

accounts for 34.75 percent of the study area and the model correctly predicted 755 of the 

946 sites, or 79.8 percent. This model performed at an efficiency percentage of 0.56. 

Probable locations of habitations in the Ceramic period binary model performed at 

an efficiency level of 0.59 (59 percent), correctly predicting 140 of the 173 known site 

locations, or 80 percent of all sites. In the study area, only 33.29 percent of sites fell 

within an area considered to be highly likely to contain Ceramic period habitations. The 

binary model reflecting the probable location of all other Ceramic site types accounts for 
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38.55 percent of the study area and the model correctly predicted 1,340 of the 1,593 sites 

or 84.11 percent. This model performed at an efficiency percentage of 0.54. 

The binary model reflecting the probable distribution of Historic habitations in the 

study area performed at an efficiency level of 0.61 (61 percent), correctly predicting 90 of 

the 111 known site locations or 81 percent of all sites. In the study area, 30.95 percent of 

sites fell within an area considered to be highly likely to contain habitations. The surface 

showing the probable location of all other Historic site types accounts for 31.41 percent 

of the study area. This model correctly predicted 289 of the 360 sites, or 80.27 percent. 

The binary model for all other Historic sites performed at an efficiency percentage of 

0.60. 

The regression analysis used to build the models indicates the combinations of 

variables selected as significant in predicting site location produced models that perform 

moderately well. The models predict about 80 percent of all sites. Using these models 

may improve in-field discovery of sites in the study area by about 60 percent. These 

results apply to the study area as a whole (Figure 2). These quantified environmental 

signatures for southeastern Pima County are applied and assessed in relation to the 

Rancho Seco study area. 

Results of Statistical Analyses  

Results of the stepwise multivariate logistic regression are discussed in terms of the 

number of steps undertaken in the test to formulate a best-fit model for the study area, the 

interpretation of the correlation coefficients (beta coefficients), and the significance 



60 

levels of the independent variables selected in the regression (p-values). Because they 

covary with other independent variables, beta coefficient values reflect whether sites are 

located in proximity to (negative values) or further away (positive values) from specific 

environmental variables, P-values indicate which variables are significant in the model 

and test whether covariation is nonrandom. They might be understood in terms of a 

numbered chance out of 100 or 1000, so that the lower the chance, the more significant 

the variable and the less likely covariance is random. It is important to note that 

multivariate regression considers the covariance of all variables shown to significantly 

contribute to the location of specific sites simultaneously. Therefore, some independent 

variables identified as highly correlated with the locations of sites may not be, on their 

own, statistically significant. A Kolmogorov-Smirnov (K-S) test could be performed on 

each independent variable, as it relates to the dependent variable (sites), to test whether 

the variable is significant. 

Preceramic Habitations (Model Formula) 

A total of eight steps were taken to reach what is considered the best-fit model 

equation, or the environmental signature needed for predicting the locations of 

Preceramic habitations in the study area (Table 4). The environmental signature derived 

for habitations during the Preceramic period is one that suggests site locations are 

characterized by close locations to mountains and springs. These areas are generally in 

the upper Sonoran desertscrub biome, have very little change in topographic relief within 

a 100 m area, are further from semidesert grasslands, and are relatively close to major 
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washes, springs, and riparian corridors. They are generally located away from terraces. 

The least significant variable in the equation is the location of Preceramic habitations as 

they relate to terraces. However, a p-value of 0.047 reflects a 4 percent chance that the 

covariance of this variable with respect to other variables and the location of Preceramic 

habitations is random. These results reflect Archaic land use involving colonization near 

flat portions of mountain bases and use of major watercourses, riparian corridors, and 

perennial springs. Subsistence might be concentrated on the flora and fauna found in 

zones of upper Sonoran desertscrub. 

Patterning of Preceramic Habitations at Rancho Seco 

The environmental signature derived for predicting the locations of Preceramic 

habitations in southeastern Pima County suggests similar environmental conditions are 

present at Rancho Seco (Figure 7: Inset). In fact, the three sites at Rancho Seco identified 

as habitations with Preceramic components (AZ DD:7:8[ASM], AZ DD:8:5[ASM], and 

AZ DD:8:6[ASM]) fall within the binary model’s highly likely zone. An additional 

percentage of the ranch is considered by the model’s formula to be in an archaeologically 

sensitive area (Figure 7: Inset). If this model is employed for in-field testing, pedestrian 

survey of the narrow corridors identified as highly likely in the model would be a good 

place to begin survey efforts. In sum, a visual assessment of the spatial locations of 

statistically significant variables suggests the linear distribution of highly likely areas 

follows Sopori Wash and is further concentrated near the locations of springs. Within this 

zone there is very little change in elevation although mountains are near. Although 
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portions of Rancho Seco are considered highly likely to contain Preceramic habitations, 

the vegetative zone (semidesert grasslands) characterizing the preserve differs from the 

significant biome (upper Sonoran desertscrub) identified in the model formula. This may 

mean subsistence strategies in the ranch would not entirely follow strategies observed at 

sites within the larger study area and site attributes or assemblages might also be different 

at Rancho Seco. 

Table 4: Results of Regression (Preceramic Habitations) 

Step in 
Regression 

Variables Beta 
Coefficients 

Degrees of 
Freedom 

p-value 

Step 8 Mountains -0.00017718 1 .000 

Relief above -0.22003976 1 .004 

Riparian corridors -0.00273608 1 .007 

Semidesert grasslands 0.00018285 1 .003 

Springs -0.00017683 1 .000 

Terraces 0.00004378 1 .047 

Upper Sonoran 
desertscrub 

-0.00007692 1 .001 

Washes over 10000 
CFS 

-0.00007512 1 .005 

Constant (Y-intercept) 2.50328322 1 .000 
.
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Figure 7: Preceramic Habitations Binary Model (0=Least Likely, 1=Most Likely)
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Preceramic All Other Sites (Model Formula) 

Nine steps were taken to reach what is considered the best-fit model for predicting 

the locations of all other Preceramic site types in the study area (Table 5). All other sites 

during this time period—those demonstrating behaviors associated with agriculture, art, 

communication, disposal, government, resource processing, resource procurement, 

religion, storage, and transportation (PCOCRHP 2000a)—are characterized by 

environmental signatures that favor topographic and hydrologic variables. All other sites 

are located close to riparian corridors and are within or near zones of upper Sonoran 

desertscrub and Chihuahuan desertscrub. They are in areas of higher elevation but with 

little change in relief within a 100-m area and are on or near pediments. Sites are located 

away from mountains and tertiary drainages (500-5,000 CFS) but are close to intermittent 

streams (5,000-10,000 CFS). The least significant relationship is between all other sites 

and their positioning away from tertiary drainages. However, a significant p-value of 

0.007 reflects a 7 out of 1000 chance that the covariance of this variable with respect to 

other variables and the location of all other sites are random. 

Patterning of Preceramic All Other Sites at Rancho Seco  

Although site AZ DD:8:6(ASM), an agricultural locale with components dating to the 

Preceramic period, exists within Rancho Seco’s boundaries, it is located within an area 

considered by the model’s formula to be less likely to contain archaeological sites (Figure 

8). This site is one of 191 sites not predicted by the model. There is an absence of 

sensitivity for all other Preceramic period sites within the preserve. The lumping of sites 
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into a catch-all category (all other sites) has probably contributed to the model not 

capturing this particular site type at Rancho Seco. The variability in site types, and the 

behaviors inferred at the locales categorized as all other, creates an archaeological record 

that is difficult to quantify. Further subdividing sites included in the category of all other 

sites, coupled with the reformulation of the model’s predictive variable criteria, would 

improve the performance of predictive models. In this case, a Preceramic agricultural site 

type model would need to be built. 

Table 5: Results of Regression (Preceramic All Other Sites) 

Step in 
Regression 

Variables Beta 
Coefficients 

Degrees of 
Freedom 

p-value 

Step 9 Chihuahuan desertscrub -0.00002606 1 .000 

DEM 0.00201047 1 .000 

Mountains 0.00005209 1 .001 

Pediments -0.00007811 1 .000 

Relief above -0.06344158 1 .000 

Riparian corridors -0.00114484 1 .000 

Upper Sonoran desertscrub -0.00006042 1 .000 

Washes 500-5000 CFS 0.00006321 1 .007 

Washes 5000-10000 CFS -0.00006952 1 .001 

Constant (Y-intercept) 0.03878510 1 .925 
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Figure 8: Preceramic All Other Sites Binary Model (0=Least Likely, 1=Most Likely
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Ceramic Habitations (Model Formula) 

A total of nine steps were taken to reach what is considered the best-fit model for 

predicting the locations of Ceramic habitations in the study area (Table 6). The 

environmental signature derived for habitations suggests sites during this period are 

located in proximity to bajadas and mountain bases and are considerable distances from 

semidesert grassland biomes. Site locations are generally in the upper Sonoran 

desertscrub and close to springs and riparian corridors although they are further from 

intermittent washes (5,000-10,000 CFS) and closer to tertiary drainages (500-5,000 CFS). 

Areas have very little change in topographic relief within a 100 m area. These results 

reflect Ceramic period land use involved locating near water resources and the 

colonization of bajadas and low relief portions of mountains. Subsistence might be 

concentrated on the flora and fauna found in zones of upper Sonoran desertscrub. Of all 

the models, the p-values for Ceramic period habitations are the least significant 

suggesting the model should be improved by introducing different variables in the 

regression. Given the scholarship devoted to understanding the people and practices 

associated with this time period in Pima County, a rigorous theoretical framework should 

be developed before selecting variables for subsequent model building. 

Patterning of Ceramic Habitations at Rancho Seco 

Sites AZ DD:8:5(ASM), AZ DD:7:8(ASM), AZ DD:8:131(ASM), and AZ 

DD:8:175(ASM) are Hohokam habitations from the Ceramic period within the 

boundaries of Rancho Seco. The latter two sites were not used in my spatial analysis 
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because they lack specific locational data. All of the sites however, are located within an 

area considered by the model’s formula to be less likely to contain archaeology (Figure 9: 

Inset). They are among 33 sites not predicted by the model. There is an overall absence of 

sensitivity for Ceramic period habitations within the preserve, although there is an area 

northeast of Rancho Seco that is considered highly likely to contain sites of this type 

(Figure 9). Visually assessing the spatial distribution of areas considered highly likely to 

contain Ceramic habitations suggests locales are significantly correlated with hydrologic 

resources in flat upland zones. The steep canyons, rugged topography, and general lack of 

perennial water at Rancho Seco may explain the model’s inability to identify sensitive 

areas. Nevertheless, the presence of several sites indicates the potential for Ceramic 

period habitations over the preserve is greater than predicted.  

Table 6: Results of Regression (Ceramic Habitations) 

Step in Regression Variables Beta 
Coefficients 

Degrees of 
Freedom 

p-value 

Step 9 Bajadas -0.00028319 1 .000 

Mountains -0.00015864 1 .000 

Relief above -0.10947238 1 .004 

Riparian corridors -0.00228113 1 .001 

Semidesert grasslands 0.00014795 1 .000 

Springs -0.00006736 1 .030 

Upper Sonoran desertscrub -0.00004553 1 .024 

Washes 500-5000 CFS -0.00022727 1 .001 

Washes 5000-10000 CFS 0.00014820 1 .017 

Constant (Y-intercept) 2.58677726 1 .000 
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Figure 9: Ceramic Habitations Binary Model (0=Least Likely, 1=Most Likely)
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Ceramic All Other Sites (Model Formula) 

A total of fourteen steps were taken to reach what is considered the best-fit model 

for predicting the locations of all other Ceramic sites in the study area (Error! Not a 

valid bookmark self-reference.). The environmental signature for these sites is one that 

favors short distances to zones of Chihuahuan and upper Sonoran desertscrub. They are 

located further from semidesert grasslands. Sites are near bajadas and pediments and in 

areas of higher elevation but with little change in relief within a 100-m area. Intermittent 

streams (5,000-10,000 CFS) are nearby as are riparian corridors. Sites are located away 

from springs and hills but can be found near terraces. The least significant relationship is 

between all other sites and their location near terraces. However, a p-value of 0.06 still 

reflects a 6 out of 100 chance that the covariance of this variable with respect to other 

variables and the location of all other sites are random. 

Patterning of Ceramic All Other Sites at Rancho Seco  

Although a resource processing locale with rock art (Indian Cave, AZ DD 

7:30[ASM]), a site used for agricultural purposes (AZ DD 8:6[ASM[), and a low density 

ceramic scatter (AZ DD:7:65[ASM]), are within Rancho Seco’s boundaries, they fall in 

an area considered by the model’s formula to be less likely to contain Ceramic period 

archaeological sites (Figure 10: Inset). At the time of my analysis, spatial data were not 

available for AZ DD:7:65(ASM) and it was not included in the quantification of the study 

area. Further, this site may represent an area of recurrent use by precolumbian peoples 

and the Tohono O’odham. That being said, the former two sites are among 253 sites not 
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predicted by the model. There is an overall absence of sensitivity for all other Ceramic 

period sites within the preserve. As in the case of the Preceramic all other sites model, 

lumping sites into a catch-all category has probably contributed to the model’s 

inaccuracies and exclusions. A refined site type model for resource processing areas, rock 

art and agriculture specific sites should be considered before this model is tested. Further, 

Indian Cave (Figure 4) is a unique site that should be critically documented and assessed 

to explore its functional and ideological associations with prehistoric and proto-historic 

peoples using Rancho Seco. 

Table 7: Results of Regression (Ceramic All Other Sites) 

Step in 
Regression 

Variables Beta Coefficients Degrees of 
Freedom 

p-value 

Step 14 Bajadas -0.00009789 1 .000 

Chihuahuan desertscrub -0.00002536 1 .000 

DEM 0.00178722 1 .000 

Hills 0.00003636 1 .010 

Pediments -0.00007699 1 .000 

Relief above -0.03585036 1 .000 

Riparian corridors -0.00116894 1 .000 

Semidesert grasslands 0.00006335 1 .000 

Springs 0.00003920 1 .001 

Terraces -0.00001464 1 .006 

Upper Sonoran desertscrub -0.00006210 1 .000 

Washes 5000-10000 CFS -0.00002984 1 .000 

Constant (Y-intercept) 0.55254189 1 .165 
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Figure 10: Ceramic All Other Sites Binary Model (0=Least Likely, 1=Most Likely)
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Historic Habitations (Model Formula) 

Eight total steps were taken to reach what is considered the best-fit model for 

predicting the locations of Historic habitations in the study area (Table 8). The 

environmental signature for habitations indicates sites are located near Chihuahuan 

desertscrub but further from semidesert grassland regions. Although sites are located near 

mountains, they are found in areas that have very little change in topographic relief 

within a 100 m area. Site locations are generally close to riparian corridors and major 

watercourses (over 10,000 CFS). This model suggests a reliance on water and biological 

resources associated with zones of desertscrub. The least significant relationship is 

between Historic habitations and their locations near large watercourses. A p-value of 

0.041 remains significant in that there is a 4 out of 100 chance its inclusion in the model 

is random. 

Patterning of Historic Habitations at Rancho Seco 

The environmental signature derived for predicting the locations of Historic 

habitations in the study area suggests analogous environmental conditions are present at 

Rancho Seco (Figure 11: Inset). In fact, the two sites at Rancho Seco identified as 

Historic period locales with habitational components (AZ DD:7:8[ASM] and AZ 

DD:7:11[ASM]) fall within the binary model’s highly likely zone. An additional 

percentage of the preserve property is considered by the model’s formula to be in an 

archaeologically sensitive area (Figure 11: Inset). To test this model, one should conduct 

pedestrian survey along the broad patches identified as highly likely areas. Additionally, 
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the locations of all features digitized from USGS and GLO records should be ground-

truthed and considered when testing the model (Figure 5).  

Table 8: Results of Regression (Historic Habitations) 

Step in 
Regression 

Variables Beta 
Coefficients 

Degrees of 
Freedom 

p-value 

Step 8 Chihuahuan desertscrub -0.00002938 1 .000 

Mountains -0.00031747 1 .000 

Riparian corridors -0.00064490 1 .006 

Semidesert grasslands 0.00017839 1 .000 

Total relief -0.07889844 1 .000 

Washes over 10000 CFS -0.00007054 1 .041 

Constant (Y-intercept) 2.89975235 1 .000 

Visually assessing the spatial distribution of statistically significant variables 

suggests the areas considered to be highly likely for encountering Historic habitations 

follows a pattern associated with the locations of riparian corridors and perennial water 

sources and they are generally in areas near mountain bases. Additional models should be 

built using the USGS and GLO feature locations and further subdividing site types. 

Independent predictor variables should be associated with more modern strategies of 

resource acquisition and land use coupled with site attributes that characterize permanent 

habitations during this period. As in the case of Ceramic period habitations, a theoretical 
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framework that includes elements of specific landscape circumscription and conscription 

relative to historic groups (landscapes of missionization, conquest, mechanized or 

strategic resource extraction, and geopolitics) should be developed before predictor 

variables are chosen for subsequent model building. 

Historic All Other Sites (Model Formula) 

A total of thirteen steps were taken to reach what is considered the best-fit model 

for predicting the locations of all other Historic sites in the study area (Table 9). The 

environmental signature for all other sites is complex, suggesting variable land use over 

large areas. Sites are located close to riparian corridors but further from springs, and 

within or near Chihuahuan and upper Sonoran desertscrub, and further from semidesert 

grassland regions. They are in areas of higher elevation but those areas exhibit little 

change in topography. Sites are on or near pediments and hills. They are located away 

from intermittent streams (5,000-10,000 CFS) but are close to major watercourses (over 

10,000 CFS).
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Figure 11: Historic Habitations Binary Model (0=Least Likely, 1=Most Likely)
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Table 9: Results of Regression (Historic All Other Sites) 

Step in 
Regression 

Variables Beta 
Coefficients 

Degrees of 
Freedom 

p-value 

Step 13 Chihuahuan 
desertscrub 

-0.00003141 1 .000 

DEM 0.00349800 1 .000 

Hills -0.00009846 1 .001 

Pediments -0.00006773 1 .001 

Riparian corridors -0.00077630 1 .000 

Semidesert 
grasslands 

0.00011603 1 .000 

Springs 0.00011142 1 .000 

Texture -0.15885717 1 .000 

Upper Sonoran 
desertscrub 

-0.00007768 1 .000 

Washes 5000-10000 
CFS 

0.00005740 1 .001 

Washes over 10000 
CFS 

-0.00007813 1 .001 

Constant (Y-
intercept) 

-1.75352837 1 .026 

Patterning of Historic All Other Sites at Rancho Seco 

A resource processing locale (Las Guijas mine, Site AZ DD:7:29[ASM]) with 

components dating to the Historic period is present within the boundaries of Rancho 

Seco. This site is located within an area considered by the model’s formula to be less 

likely to contain archaeological sites (Figure 12: Inset). One of 73 sites not predicted by 

the model, there is an absence of sensitivity for all other Historic period sites at Rancho 

Seco. Again, combining sites where variable activities are carried out has likely 

contributed to the model’s moderate performance. Historic sites that are not considered to 
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be habitations should further be subdivided and refined typological models constructed. 

For example, mining or ranching specific models could be built with spatial geologic data 

or historic well, windmill, or tank locations as well as patent records. Again, the USGS 

and GLO dataset could be used in the formulations of future models. Remotely sensed 

data, including the Light Detection and Ranging (LIDAR) data that are available for the 

county, could also be used to develop subsequent models. Lastly, critical examination of 

site card records should be undertaken to sort through Historic period sites ensuring those 

with aboriginal components are explicitly represented.
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Figure 12: Historic All Other Sites Binary Model (0=Least Likely, 1=Most Likely)
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SDCP Expert-Opinion Predictive Models and Quantitative Models 

Although the environmental signatures developed during my modeling efforts are 

quantitatively derived, they are not as robust in their inclusions of areas likely to contain 

archaeology as the predictive models of the SDCP (Figure 13 and Figure 14). This is due 

in part to classifying and subdividing site locations by type and time period and building 

spatially refined models. To produce a model similar to the expert-opinion models, one 

considering all sites at all times, I combined the results of the binary models. Scaled from 

zero to six, highly likely areas are those areas with environmental signatures predicting 

the locations of all sites: Preceramic habitations and all other sites, Ceramic habitations 

and all other sites, and Historic habitations and all other sites (Figure 14). A score of five 

to six would be considered high on the scale of archaeological sensitivity, three to four 

would be moderate, and one to two would be low.  

In comparing the expert-opinion models and my combinatory model, 

commonalities are found in the patterning of archaeological site locations along 

watercourses in slightly upland bajada settings. The expert-opinion models outperform 

the quantitative models in their inclusion of all major watercourses and surrounding 

watersheds, especially the southern Altar Valley watershed (Figure 13 and Figure 14). 

The failure of the combinatory quantitative model to identify this area as archaeologically 

sensitive is probably due to the significance and spatial distribution of vegetative zones 

like the upper Sonoran desertscrub. When quantitative formulas favor and heavily weight 

coarse data in combination with other variables, refined models can be less inclusive than 

qualitative models. 
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An efficiency calculation was done for the SDCP models. Keeping in mind the 

scalar differences between the expert-opinion models and my quantitative models, this 

calculation provides a summary of the expert model’s performance. A total of 403 sites 

are located within sensitivity areas identified as low, 354 in moderate areas, and 1,396 in 

high areas. After rasterization of the SDCP models at 10-m resolution was conducted, the 

areas considered moderate and high were sampled. These areas account for 38 percent of 

the study area and correctly predict 81 percent of all sites. These results are thus very 

similar to my quantitative models.
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Figure 13: SDCP (2000b) All Sites by All Time Periods Expert-Opinion Predictive Model
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Figure 14: All Sites by All Time Periods Quantitative Model (Combination of Binary Models, 0=Least Likely, 6=Most Likely)
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Results: Local Settlement Pattern Studies at Rancho Seco Based on Southeastern 

Pima County Site Type Signatures 

The eastern portion of Rancho Seco is identified as an area of high archaeological 

sensitivity and may contain additional Preceramic and Historic period sites with 

habitational components. Here, sites would most likely be encountered along Sopori 

Wash—a geography that produced an environmental signature like that of greater 

southeastern Pima County. Although the findings of refined quantitative models did not 

produce wholly accurate results that characterize the known archaeological landscape of 

Rancho Seco, what is now clear is that additional data are needed in the construction of 

future models. The portions of the preserve classified by the models as areas of site 

absence (least likely) are compelling in that they are physically dissimilar to the study 

area yet they are known to contain sites. Further modeling of the preserve should attempt 

to isolate the variables contributing to the locations of these site types specifically (rock 

art, resource procurement and processing, ritualistic activity, and agriculture). Since 

much of the quantitative output resulting in the formulation of my models was driven by 

water and vegetative resources, this further begs the question: do the Tucson Basin and 

its surrounding areas serve as an appropriate proxy for proffering the archaeological 

context of geographic areas like Rancho Seco?  

Additional data should be gathered from Rancho Seco, in areas considered highly 

likely and less likely to contain archaeology as well as from nearby areas that are not 

within Pima County’s jurisdiction. These areas might be considered marginalized or 
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peripheral landscapes and would be located in semidesert grassland regions. They might 

represent land use and subsistence strategies of nonriverine or residentially mobile 

peoples. While quantitative models in this thesis may not answer specific questions as to 

the nature of the larger settlement patterns, land use, or cultural adaptations that are 

present within the preserve, they serve as exploratory tools to guide future management 

and direct research-oriented data collection. 
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CHAPTER FIVE: CONCLUSIONS 

Future Management and Research-Oriented Data Collection 

Future research and management should include review of site cards and historic 

period GLO and USGS records to search for remnant manifestations associated with the 

Anglo emigrants and indigenous communities that used Rancho Seco. A physical survey 

documenting archaeologically sensitive areas in the eastern preserve parcels near Sopori 

Wash should also be undertaken. The characterization of archaeological sites or cultural 

adaptations in the western portions of Rancho Seco remains enigmatic and warrants more 

attention. Except for the areas classified as highly sensitive by expert-opinion predictive 

models (SDCP 2000b) based on early mining in the Cerro Colorado Mountains and 

human activities near the Altar Wash, little is known of the western preserve. For this 

reason the western parcels should be surveyed to document past land use. I think that the 

archaeological context of this area is akin to land use strategies practiced in the Altar 

Valley of Northern Sonora (McGuire et al. 1993), and that the preserve may have been 

used by O’odham groups as they maintained ancestral connections to meaningful places. 

For example, survey accompanied by a tribal monitor or interviews with descendant 

communities will further our understanding of sites like Indian Cave (AZ 

DD:7:30[ASM]). Inasmuch understudied or underrepresented cultural phenomena are 

present within the preserve, these aspects of the archaeological record are not quantifiable 

using southeastern Pima County settlement patterns as a proxy.  
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Differences in the Rancho Seco Landscape and the Study Area 

Considering the geopolitical nature of Rancho Seco’s boundaries—boundaries that 

are defined rigidly as managerial parcels—quantification of the environmental settings 

within the preserve to predict site locations using the Tucson Basin and surrounding areas 

is problematic. There are subtle environmental and cultural differences between Rancho 

Seco and the study area, and the models developed in this study probably characterize the 

larger study area more precisely than the smaller preserve. Bounding an area of land with 

substantial acreage (~1.8 million acres) and searching for patterned human uses within 

variable environs produced moderately accurate predictions of archaeological site 

locations in the study area (see Chapter Four and Table 10). However, we have to ask 

what is not predicted at the ranch and why the models don’t encompass these 

archaeological features.  

The recorded archaeology of the Tucson Basin is largely focused on the riverine 

adaptations of the Hohokam and site patterning associated with their increasing social 

complexity. This archaeological context, coupled with a historic record that is largely 

attributed to the mission period and pioneering Anglos, suggests that the greater Tucson 

Basin is not be the best proxy for modeling site locations at Rancho Seco. Most of my 

data are from the Tucson Basin and its surrounding areas, and skewed environmental 

variables created an archaeological bias. Sampling further complicated modeling, and 

typological biases occurred when different survey methods and recording techniques 

were employed in CRM and academic research. 
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Lastly, an overall lack of data in areas that are culturally and environmentally 

similar to Rancho Seco precluded me from quantifying comparable landscapes. My 

choice to model the study area was done out of a statistical necessity to gather a large 

sample. However, the area may have been too large and too different to accurately 

represent Rancho Seco’s archaeological context. My thesis demonstrates that Rancho 

Seco and other marginal areas that constitute rural historic landscapes in Pima County 

would benefit from additional archaeological survey and qualitative data gathering to 

model their archaeological contexts. These landscapes are within rugged topographic 

regions, have little water, and are located in the semidesert grassland vegetative zone that 

was later exploited for the cattle industry. A nonriverine adaptation therefore may be 

associated with the preserve, one that my models based on the Tucson Basin were unable 

to predict. Further, this area might reflect manifestations better characterized as 

Trincheras or O’odham, as discussed earlier in this discussion.
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Table 10: Overall Quantitative Model Performances 

Site Type Time Period Efficiency (gain 
over random) 

Sites Correctly 
Predicted 

Habitations Preceramic (12,000 B.C.-A.D. 200) 65 % 85 % 

All Other (agriculture, art, 
communication, disposal, 
government, resource processing, 
resource procurement, religion, 
storage, and transportation) 

Preceramic (12,000 B.C.-A.D. 200) 56 % 79.8 

Habitations Ceramic (A.D. 200-1540) 59 % 80 % 

All Other (agriculture, art, 
communication, disposal, 
government, resource processing, 
resource procurement, religion, 
storage, and transportation) 

Ceramic (A.D. 200-1540) 54 % 84.1 % 

Habitations Historic (A.D. 1540-1950) 61 % 81 % 

All Other (agriculture, art, 
communication, disposal, 
government, resource processing, 
resource procurement, religion, 
storage, and transportation) 

Historic (A.D. 1540-1950) 60 % 80.2 % 
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The Problems of Typological and Sampling Biases 

The archaeological records used to build my models exhibit problematic issues in 

the classification of site types. For example, some sites considered to be Preceramic 

habitations are classified as such on the basis of a single diagnostic projectile point. If 

that point was curated by later occupants in the area, its presence may not actually 

represent a Preceramic period habitation. In order to overcome such biases one would 

have to critically assess each site record that is on file with the Arizona State Museum, 

and this was beyond the scope of my thesis research. 

Prospective Research 

Future archaeological inventory at the preserve should combine deductive 

explanatory modeling and qualitative approaches that include collaborative research with 

the descendant communities that used Rancho Seco. Additional data from 

environmentally comparable areas like Sonora, Mexico, and Santa Cruz County should 

be collected and put into a GIS to build future models. Data collected during future 

inventory of cultural resources at Rancho Seco should be used to test current models. 

This research would further our understanding of past land use strategies, possibly 

elucidating prehistoric, protohistoric, and historic settlement patterns in understudied 

regions. This would fill in gaps in our chronological and sociological knowledge about 

the desert groups that used the semidesert grasslands of southern Pima County.  
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When new archaeological data are gathered to simulate or predict past use of the 

preserve, one should use both deductive explanatory approaches (optimal foraging 

theory, environmental archaeology, and human behavioral ecology) and agent-based 

modeling schemas. Recent work by archaeologists using agent-based computational 

modeling (Lake 2013 and Epstein 2006) shows promise. These modeling simulations 

explore patterns of human settlement and behavior based on sociological factors and 

cognitive processes. For instance, Epstein’s (2006) book Generative Social Science: 

Studies in Agent-Based Computational Modeling introduces variables such as civil unrest 

and violence, population growth, and social networks in the Southwest to explain human 

activity location. In order to apply this approach to Rancho Seco, however, we need to 

know about the archaeological context of the area. 

Finally, collaborative research with local and indigenous descendant communities 

with knowledge of Rancho Seco should be undertaken. Research with the members of 

descendant communities who retain familiarity with the area and its use through time will 

provide insight into aboriginal and historic land uses that are difficult to statistically 

derive solely using environmental factors. It is important to take into account the 

cognitive and socio-political variables that the members of descendant communities think 

influenced past behavior and land use. Rancho Seco was occupied by Native American, 

Hispanic and Anglo groups that hunted, gathered, farmed, ran cattle, homesteaded, and 

mined (Hesse 2005; Freshwater 2005). Non-Indian use of this region—the homeland of 

the Tohono O'odham—increased in the mid-eighteenth century after the displacement of 

the indigenous population due to epidemics, and territorial encroachment (Erickson 
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1994). The perspectives and collective memory of descendant communities will provide 

valuable insight into the use of understudied landscapes like Rancho Seco before and 

after Anglo contact. The incorporation of this knowledge into predictive models will 

contribute to a better understanding of the archaeological record of ranch preserves. 
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APPENDIX 

Appendix A: Field Calculator Scripts Coding Binary Site Types into Feature 

Classes for Spatial and Statistical Analyses (Access to ArcGIS) 

dim sitetype 
if  [Habitation] =1 then 
  sitetype=1 
elseif [Agriculture]=1 then 
  sitetype=2 
elseif [Resource_Procurement]=1 then 
  sitetype=3 
elseif [Resource_Processing] =1 then 
  sitetype=4 
elseif [Transportation] =1 then 
  sitetype=5 
elseif [Storage] =1 then 
  stietype=6 
elseif [Disposal] =1 then 
  sitetype=7 
elseif [Communication] =1 then 
  sitetype=8 
elseif [Commerce] =1 then 
  sitetype=9 
elseif [Defense] =1 then 
  sitetype=10 
elseif [Art] =1 then 
  sitetype=11 
elseif [Government] =1 then 
  sitetype=12 
elseif [Religious_Ceremonial] =1 then 
  sitetype=13 
elseif [Habitation] =1 AND [Agriculture] =1 then 
  sitetype=14 
else 
  sitetype=0 
End if 
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