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This document is the second of two volumes and presents the results of analyses and interpretations for the 
Luke Air Force Base (LAFB) Solar-Power Array Archaeological Data Recovery Project (Luke Solar project). 
The Luke Solar project was conducted in advance of a planned 107-acre, 17-megawatt solar-power array to 
be constructed on an undeveloped portion of LAFB, near the town of Glendale, Arizona. This research was 
carried out for LAFB under Contract No. W9126G-10-D-0023, Task Order 003, sponsored by the U.S. Army 
Corps of Engineers, Fort Worth District; Aerostar Environmental Services, Inc.; and Statistical Research, 
Inc. Four prehistoric sites were included in the analyses: Falcon Landing (AZ T:7:419 [ASM]), AZ T:7:68 
(ASM), AZ T:7:423 (ASM), and AZ T:7:437 (ASM). AZ T:7:423 (ASM) and AZ T:7:437 (ASM) are located 
entirely within LAFB property. Falcon Landing and AZ T:7:68 (ASM) both extend beyond the boundar-
ies of LAFB; unknown portions of those sites exist outside the project area and therefore outside the scope 
of this investigation. In addition, a Historical period site, Rancho La Loma Well (AZ T:7:424 [ASM]) was 
investigated as part of the Luke Solar project; the results of archival research and field studies for that site 
were presented in Volume 1 of this series.

A detailed geomorphological analysis of the project area was conducted, including radiocarbon analysis 
of select features and natural deposits. The geomorphological and radiocarbon analysis allowed for the dat-
ing of the natural stratigraphy, and in turn, nearly all the cultural features identified at the project sites were 
placed into a project geochronology. The project area is characterized as a slowly aggrading lower-bajada 
landscape located in the western Phoenix Basin. The natural sediments within the project area represent late 
Quaternary alluvial deposition from ephemeral-fan drainage networks originating from the nearby White 
Tank Mountains, about 7 km to the west. A geologic feature unique to that landscape has been credited as 
a major factor for the prehistoric occupation of the Luke Solar project area: the Luke Salt Body, a large salt 
dome buried several hundred feet below the surface, has uplifted the local basin-fill deposits, creating an el-
evated water table and a possible mesquite bosque immediately south of LAFB. The mesquite bosque would 
have attracted prehistoric groups to the lower-bajada location, where a variety of plant and animal species 
thrived in an otherwise-poor resource zone. The chapters that follow present the detailed analyses of mate-
rial culture and ecofacts excavated from the four sites on LAFB. The final chapter of this volume incorpo-
rates the information from the analysis chapters and synthesizes the data, using the project research themes.

Over 3,000 features were identified at the four prehistoric sites, about 98 percent of them located at Fal-
con Landing. As a result, the majority of the analyses and interpretations discussed in this volume focused 
on Falcon Landing. The features identified at the Luke Solar project sites represented a palimpsest of prehis-
toric occupation in a lower-bajada environment. Feature types included predominantly small, basin-shaped, 
nonthermal “processing” pits; bell-shaped “storage” pits; thermal “fire” pits; house-in-pit structures; fire-
affected-rock concentrations; activity areas; charcoal/ash lenses; middens; and a possible reservoir. Cultural 
components represented in the project area included Early, Middle, and Late Archaic period; Early Ceramic 
period; Hohokam; and Protohistoric period occupations. The most intense occupation of the project area 
began during the Chiricahua phase of the Middle Archaic period (ca. 3500–1200 b.c.), followed by the San 
Pedro (ca. 1200–800 b.c.) and Cienega (ca. 800 b.c.–a.d. 50) phases of the Late Archaic period and the Red 
Mountain phase (ca. a.d. 50–400) of the Early Ceramic period. In general, these occupations were character-
ized by residential groups who visited the project area intermittently during the spring and summer months 
for the procurement and processing of wild-plant resources, particularly mesquite. Later, Hohokam and 
Protohistoric period or Historical period Native American occupations of the project area were much less 
intense than earlier, Archaic period occupations and likely represented logistical task groups who visited the 
project area for similar plant-food-processing activities. The nearby Agua Fria River, about 5 km east of the 
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project area, represents a nearly inexhaustible supply of raw lithic materials, particularly volcanic materials, 
such as rhyolite and basalt. These materials were imported to the project area for use in a specialized ground 
stone technology, as well as for the manufacture of bifacial tools. Many of the ground stone tools were left 
in place or cached for anticipated reuse. Interestingly, the bifacial tools were not regularly used or left within 
the project area but were likely maintained in the project area and transported elsewhere, in anticipation of 
hunting and animal processing. Animal-resource procurement and processing within the project area was 
likely an outcome of opportunistic encounters and was clearly a secondary activity that was focused almost 
exclusively on leporids and other rabbit-sized mammals. The processing of mesquite and other wild-plant 
food has been identified as the main subsistence pursuit at the Luke Solar project sites; it was an embedded 
activity with an associated stone-artifact technology that persisted relatively unchanged for nearly 5,000 years. 

The results of this volume indicate that Falcon Landing represents the largest Middle and Late Archaic 
period site in southern Arizona investigated to date. Archaic period groups in the western Phoenix Basin were 
attracted to the location, visiting the site for mesquite processing as part of their seasonal round between 
upland and lowland environmental zones. Over time, the Hohokam culture emerged in southern Arizona, 
distinguished by elaborate material culture, monumental architecture, and a reliance on agriculture, includ-
ing the largest prehistoric irrigation network known in North America. During that cultural and economic 
development, the activities at Falcon Landing remained unchanged. Although the intensity of occupation at 
Falcon Landing significantly declined during the Hohokam pre-Classic period, the technology and meth-
ods for processing mesquite persisted over millennia. In fact, ethnographic accounts have shown that the 
mesquite-processing technology identified at Falcon Landing as early as 3300 b.c. continued to be used by 
contemporary Native American groups, such as the Piman and Yuman people of southern Arizona, southern 
California, and northwestern Mexico.
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The Luke Air Force Base Solar-Power Array Archaeological Data Recovery Project (Luke Solar project) was 
a monumental effort that involved many individuals and several government agencies. Without the concerted 
efforts of these people, the project would not have been a success. We would like to take this opportunity to 
extend our thanks to this extraordinary team.

The Luke Solar project was located on Luke Air Force Base (LAFB) and was therefore under the direct 
supervision of Mr. Jeff Rothrock, U.S. Air Force Air Education and Training Command, 56th Civil Engineer 
Squadron Natural Resources Management. In coordination with LAFB, the Arizona Public Service Com-
pany (APS) planned the development and construction of the solar-power-array, and Mr. Jon Shumaker, APS 
archaeologist, was instrumental to the project’s success. Jon tirelessly and expertly supported the success-
ful completion of all needed Section 106 consultation requirements. As such, Jon was also instrumental in 
guiding the project scoping and resolving numerous complex challenges. He was an invaluable asset and 
team member. Many of the project’s successes are undoubtedly a direct result of his unwavering dedication.

Multiple contracts through multiple organizations supported the Luke Solar project. Weston Solutions, 
Inc., held the initial contract with LAFB for Phase 1 testing, and the work of Mr. Rick Logsdon, Mr. Michael 
Barone, and Mr. Robert Pozorski helped obtain and implement the Storm Water Pollution Prevention Plan 
(SWPPP) and dust-control permits throughout the course of the project. For the first phase of data recov-
ery, Statistical Research, Inc. (SRI), maintained a contract with LAFB under the direction of Mr. Rothrock. 
Aerostar Environmental Services, Inc. (Aerostar), was contracted through the U.S. Army Corps of Engineers 
(USACE), Fort Worth District, to complete the second phase of data recovery as well as this volume. Mr. Jay 
Newman was the contracting officer’s representative and point of contact for the USACE, and Ms. Tiffany 
Seibt was the Aerostar project manager. Mr. Rothrock, Mr. Newman, and Ms. Seibt worked tirelessly to 
keep the project moving, from a contract-management perspective. We also wish to thank Ms. Ann Howard 
and Ms. Kris Dobschuetz from the Arizona State Historic Preservation Office for reviewing the Historic 
Properties Treatment Plan (HPTP) as well as participating in multiple consultations that helped to structure 
the project approach. 

We extend our sincere gratitude to the members of the Salt River Pima-Maricopa Indian Community 
(SRPMIC), the Gila River Indian Community (GRIC), the Tohono O’odham Nation (TON), the Ak-Chin 
Indian Community, the Fort McDowell Yavapai Nation, the Yavapai-Apache Nation, the Yavapai-Prescott 
Indian Tribe, and the Colorado River Indian Tribes for their cooperation and assistance throughout the entire 
project. Tribal representatives who visited the project area, examined the treatment plan and excavations, and 
provided their important insights included Mr. Shane Antone, Ms. Angela Garcia-Lewis, Mr. Jacob Butler, 
and Mr. Thomas Wright of the SRPMIC; Mr. Barnaby Lewis, Ms. Semana Thompson, and Mr. Larry Be-
nallie of the GRIC; Mr. Joseph Joaquin of the TON; Ms. Caroline Antone of the Ak-Chin Indian Commu-
nity; and Mr. Scott Kwiatkowski of the Yavapai-Prescott Indian Tribe. Thanks especially to Mr. Lewis and 
Ms. Thompson, who visited the project to perform blessings of the burial feature.

The enormous number of buried features uncovered during the Luke Solar project required a signifi-
cant amount of heavy machinery. The initial test trenching and SWPPP installation was performed by Red 
J Environmental Corp. The remainder of the testing and data recovery phases, including the mechanical 
stripping of more than 45 acres, was mightily executed by Casey’s Backhoe Service, operated by Mr. Keith 
Tanko. Mr. David Thompson ran one of the trackhoes for the entire project, and Mr. Greg Albertson ran the 
second trackhoe for the last phase of data recovery. Mr. Roger Lane, Mr. Kenneth Hogan, and Mr. Mark 
Kear ran backhoes intermittently throughout the project. Mr. Kevin Delaney, Mr. Steve Desautel, Mr. Kear, 
Mr. David Lambert, and Mr. Scott Hilliard ran front-end loaders nonstop, to keep the trackhoes moving, as 
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well as water trucks to comply with the dust-control permits. The quality of the work performed by Casey’s 
Backhoe Service cannot be overemphasized. 

The importance of the Luke Solar project is evidenced in the number of people who contributed to this 
long and complicated undertaking. Successfully navigating a project of this magnitude required the talents 
of many. Dr. Jeffrey H. Altschul, SRI’s cofounder and principal, worked closely with the project staff to 
help guide us through a complex contractual and regulatory environment. Dr. Teresita Majewski, SRI’s Vice 
President, supported SRI Principal Investigator Mr. Robert Wegener in the management of the Air Force, 
Aerostar, and Weston Solutions, Inc., contracts. All day-to-day aspects of the Luke Solar project were di-
rectly supervised by Mr. Robert M. Wegener, who served as principal investigator through the entirety of the 
project. Mr. Wegener was supported by Mr. John D. Hall, who served as senior project director in all stages 
of research, from developing the testing and data recovery plans and directing all phases of fieldwork to 
preparing this volume. Mr. Hall was assisted in these tasks by two co-project directors, Mr. Mitchell A. Keur 
and Dr. Jesse A. M. Ballenger. Both Mr. Keur and Dr. Ballenger were instrumental in maintaining the project 
momentum and coordinating the multitude of tasks required to run a large project. Mr. Hall, Mr. Keur, and 
Dr. Ballenger had much help from assistant project directors Ms. Heather J. Miljour, Ms. Amelia M. Natoli, 
Mr. James Marsh, and Mr. Steven Ditschler. Ms. Natoli spent many months supervising the mechanical ex-
cavations, which ultimately led to uncovering nearly 46 acres of cultural resources and more than 3,000 fea-
tures. Ms. Natoli had help from several other archaeological monitors, including Mr. Marsh, Mr. Ditschler, 
Mr. Jeffrey Charest, Ms. Jessica South, Ms. Cannon Daughtrey, Dr. Ballenger, and Mr. Wegener. Ms. Miljour 
kept a constant vigil over the feature excavations and field paperwork, ensuring consistent and quality work 
during all stages of fieldwork. Ms. Karry Blake also provided assistance to the field team from SRI’s Tucson 
office. Ms. Miljour and Ms. Natoli also had the support of several assistant crew chiefs over the course of 
fieldwork, including Mr. Charest, Ms. Daughtrey, Ms. Lauren Jelinek, Ms. Dorothy Ohman, Mr. Donovan 
Quam, Ms. South, and Ms. Meaghan Trowbridge. The efforts of these assistant crew chiefs were vital to the 
field effort; they assigned provenience numbers and supervised the feature excavations. 

The individuals who labored through the heat and cold of the Sonoran Desert, as well as under the ever-
present roar of F-16 Fighting Falcon jet engines, are particularly deserving of praise for doing such an excellent 
job during the field effort. As the challenging pace and schedule of the Luke Solar project evolved, the crew 
responded with the utmost diligence. They include Ms. Shannon Acothley, Mr. Franco Boggle, Mr. Blayne 
Brown, Mr. Tanachy Bruhns, Mr. Peter Byler, Dr. Janet Griffitts, Mr. Nicholas Hlatky, Dr. Jeffrey Homburg, 
Mr. Brian Medchill, Mr. Brandon McIntosh, Mr. Geoff Morley, Ms. Ashley Morton, Ms. Bonnie Regenhardt, 
Mr. Justin Rego, Ms. Rachelle Robinson, Mr. Robert “Reuven” Sinensky, Mr. George Tinseth, Mr. David 
Unruh, Mr. William A. White III, and Mr. William G. White. During the second phase of data recovery, sev-
eral Aerostar crew members joined the effort, including Mr. Christopher Ferguson, Mr. Patrick McDermott, 
Ms. Kathy Mowrer, Mr. Jonathan Paklaian, and Mr. William Turpin, as well as Aerostar’s technical repre-
sentative in the field, Ms. Marilyn Hess. Mr. Jason Windingstad, SRI’s geomorphologist, spent many weeks 
investigating the site soils and stratigraphy. The geologic model developed by Mr. Windingstad is one of the 
most important contributions to this project and helped place nearly 3,000 features into chronologic groups. 
Mr. Windingstad was aided in this effort by Dr. Homburg, Dr. Ballenger, and Dr. Stacey Lengyel. Archaeo-
magnetic samples were collected in the field by Mr. Charest, Ms. Miljour, and Ms. Ohman, under the guid-
ance of Dr. Lengyel. Mr. Scott Thompson, head of SRI’s Historic Program, conducted archival research for 
the historical component of the project, including Rancho La Loma Well, and Dr. Karen Swope analyzed the 
Historical period materials from the project sites. 

Over the course of the long field effort, numerous individuals visited the site and provided both labor and 
their expertise in southwestern archaeology. These individuals include Dr. Karen Adams, Dr. Richard Ciolek-
Torello, Dr. John Douglass, Dr. David Doyel, Dr. William Graves, Dr. Donn Grenda, Dr. Bruce Huckell, 
Dr. Edgar Huber, Dr. Eric Klucas, Dr. Jonathan Mabry, Ms. Adrianne Rankin, Dr. Seetha Reddy, Ms. Susan 
Smith, and Dr. Bradley Vierra. The insights and analyses provided by those in this impressive list of experts 
have greatly increased our understanding of this important project. In particular, the authors would like to thank 
Dr. Huckell, Dr. Mabry, and Mr. Ben Resnick who served as the project peer review panel. Their comments 
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for this volume were very beneficial and much appreciated. Dr. Ciolek-Torello, SRI’s Research Director, also 
provided an internal review of the first draft of this volume and offered many helpful comments.

The project maps and cartographic data were generated by Ms. Z. Nahide Aydin, Dr. Stephen McElroy, 
Mr. Daniel Perez, Ms. Rita Sulkosky, Ms. Meredith Wismer-Lanoë, and Mr. Atticus Zavelle. Mr. Jim Lo-
faro, Mr. Carey Tilden, and Mr. James Bayer created and updated SRI’s intricate database, responding to 
the ever-changing demands of analysts, authors, and curation staff.

Many individuals were involved with laboratory processing and initial curation preparation. These 
individuals included Ms. Jody Holmes, Ms. Olivia Charest, Mr. Hlatky, Ms. Ohman, Ms. Erica Young, 
and Aerostar laboratory technicians Ms. Rachel Hessick and Ms. Ginger Thompson. Special thanks go to 
Ms. Holmes for obtaining the necessary permits, supervising the laboratory and curation effort, and negoti-
ating the curation process with LAFB.

Ms. Maria Molina coordinated all the production efforts for the HPTP and the preliminary reports, as well 
as this volume. Ms. Molina was ably assisted by Mr. John Cafiero. Ms. Jacquelyn Dominguez, Mr. Andrew 
Saiz, Mr. Luke Wisner, and Ms. Peg Robbins produced many of the excellent report illustrations, formatted 
the digital photographs, and scanned the original field maps. Ms. Beth Bishop and Mr. Grant Klein edited 
the draft version of this volume. Mr. Jason Pitts, Ms. Linda Wooden, and Ms. KeAndra Begay assisted with 
the layout of the text and tables. Ms. April Moles, Ms. Cory McKean, and Ms. Sandra Lindblad also pro-
vided vital administrative assistance for the project.

Ms. Janet Grenda and Ms. Nicole Torstvet provided administrative support during the course of this 
project. They assisted the principal investigator in preparing budgets for each phase of the work and pre-
pared timely and accurate financial statements to help us manage the project. Ms. Trish Craig and Ms. Kelly 
Davern in SRI’s Human Resources department also greatly contributed to the success of the project and the 
well-being of SRI’s personnel.

Finally, we extend our sincere appreciation to all those associated with this project, and we apologize 
to any that we may have inadvertently omitted.
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C H A P T E R   1

Introduction

John D. Hall

This document is the second of two volumes reporting the results of the Luke Air Force Base Solar-Power 
Array Archaeological Project (Luke Solar project). The Luke Solar project was a multiphase data recovery 
project conducted by Statistical Research, Inc. (SRI) on Luke Air Force Base (LAFB). LAFB is located in 
the western Phoenix Basin, surrounded by the town of Glendale, Arizona. The Luke Solar project was con-
ducted in support of a proposed 107-acre solar-power array planned for construction on LAFB. The 107-
acre area of potential effect (APE) was the focus of SRI’s investigations (Figure 1). The APE is divided by 
Strike Eagle Street; the 42-acre portion north of Strike Eagle Street was designated Area A, and the 65-acre 
portion south of Strike Eagle Street was designated Area B (see Figure 1). Volume 1 of this series presents 
the Luke Solar project background, the natural and cultural setting, history of previous research, the project 
research design, as well as descriptions of all the sites and features investigated as part of this project. The 
following chapters of Volume 2 present the results of the artifact and ecofact analyses conducted for the Luke 
Solar project, as well as interpretations of the project data and how these data help to answer the research 
questions presented in Volume 1.

Project Summary

In September of 2010, SRI, in consultation with LAFB and the Arizona State Historical Preservation Of-
fice (AZSHPO), obtained Arizona State Museum (ASM) site numbers for five previously recorded archae-
ological sites within the current APE that were previously identified with a “Luke 03A” prefix, originally 
recorded by Tagg (2008) and Tagg et al. (2007) (Table 1). These sites are AZ T:7:419 (ASM), AZ T:7:420 
(ASM), AZ T:7:421 (ASM), AZ T:7:422 (ASM), and AZ T:7:423 (ASM). The project area had been previ-
ously surveyed by Adams (1991) and Slawson and Maldonado (1990), and Adams (1991) had identified a 
single site, AZ T:7:68 (ASM). With the exception of its extreme-northern portion, AZ T:7:68 (ASM) is lo-
cated south of the current Luke Solar project APE (see Chapter 5, Volume 1). During Phase 1, SRI obtained 
another ASM site number, AZ T:7:424 (ASM), for the Historical period well and water-conveyance system 
associated with the Rancho La Loma residence. This Historical period site, named Rancho La Loma Well, 
is located outside the project area (see Chapter 8, Volume 1), but portions of the water-conveyance system 

associated with the well traverse the project APE. In the remainder of 
this volume, site numbers are abbreviated using only the final set of 
digits of the ASM site designations. For example, AZ T:7:68 (ASM) 
is referred to hereafter as Site 68.

Between November 3 and December 2, 2010, SRI conducted 
Phase 1 archaeological investigations in the Luke Solar project area. 
The Phase 1 investigations included the survey and reevaluation of 
each site and its boundary; the identification of all surface features; 
and locating, mapping, and collecting all surface artifacts at Sites 68, 
419, 420, 421, 422, and 423 within the project APE. Following the 
surface artifact collection, 45 backhoe trenches, totaling 3,180 m, 

Table 1. Luke Solar Site  
Number Concordance

Luke Site No. ASM Site No.

Luke 03A-02 AZ T:7:419 (ASM)

Luke 03A-03 AZ T:7:420 (ASM)

Luke 03A-04 AZ T:7:421 (ASM)

Luke 03A-05 AZ T:7:422 (ASM)

Luke 03A-06 AZ T:7:423 (ASM)

La Loma Well AZ T:7:424 (ASM)
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were excavated among all six archaeological sites. A limited amount of mechanical stripping was also con-
ducted at Sites 419, 421, and 422, totaling about 2 acres (Figure 2). Additionally, the La Loma Well (Site 424) 
was documented via archival research and field recordation.

An additional intersite testing program for those areas between previously defined archaeological site 
boundaries within the project APE was conducted between May 23 and June 9, 2011 (Hall and Wegener 
2011). This intersite testing consisted of an additional 83 backhoe trenches, totaling 2,166 m, placed out-
side of previously recorded site boundaries and distributed evenly throughout the APE (Figure 3). A new 
archaeological site, AZ T:7:437 (ASM), was identified as a result of the intersite trenching; this site was 
located across a small drainage to the east of Site 419 (see Figure 1). Based on the results of SRI’s Phase 1 
investigations and intersite testing (discussed in Chapter 4, Volume 1), Sites 419, 420, 421, and 422 were 
combined into one large prehistoric site, named AZ T:7:419 (ASM).

On September 19, 2011, SRI began Phase 2 data recovery on the Luke Solar project. The data recovery 
phase consisted of large-scale mechanical stripping and intensive excavation of features. On February 9, 
2012, the project was temporarily suspended because of the expiration of the contract with LAFB. SRI re-
sumed data recovery efforts on November 5, 2012, as a subconsultant to Aerostar Environmental Services, 
Inc. (Aerostar), and this work concluded on April 25, 2013. At the conclusion of Phase 2 data recovery, SRI 
successfully completed the archaeological field investigations of Sites 68, 419, 423, 424, and 437 (Table 2 and 
Figure 4). As a part of our subsequent analysis and reporting, Site 419 was given the name Falcon Landing. 

Falcon Landing (AZ T:7:419 [ASM])

Falcon Landing is an extensive, multicomponent prehistoric and Historical period site. The portion of Fal-
con Landing preserved within the APE consisted of ca. 44 contiguous acres of buried cultural resources (see 
Chapter 4, Volume 1). About 98 percent of the features identified and artifacts collected during the Luke So-
lar project came from Falcon Landing. As a result, Falcon Landing is the main focus of both Volumes 1 and 
2. A total of 3,006 cultural features were identified at Falcon Landing (see Table 2), including 48 structures 
and possible structures, 14 activity areas (including 1 activity surface), 2,738 extramural pits, 19 caches, 
65 charcoal/ash lenses, 109 FAR concentrations, 9 postholes, 2 middens, a possible reservoir, and a human 
burial (see Chapter 4, Volume 1). 

The vast majority of features at Falcon Landing were assigned to chronological groups based on a rela-
tively limited number of radiocarbon dates as well as the natural stratigraphy of the site. Dating the natural 
stratigraphy involved a complex sequence of analyzing the radiocarbon dates from feature and nonfeature 
contexts, coupled with correlating the sequences of deposition across the APE. The resulting geochronology 
allowed for the assignment of nearly every feature at Falcon Landing to a chronologic group (see Chapter 2), 
totaling 33 chronologic groups (Table 3) (see discussion below). The chronologic groups correspond to the 
cultural history defined in Chapter 2 of Volume 1, including the Cochise cultural sequence developed by 
Sayles and Antevs (1941) for the Archaic-aged features and the sequence developed by Dean (1991) for the 
Hohokam Ceramic period occupation of the project area. Hundreds of features at Falcon Landing were as-
signed to particular cultural phases and therefore could be used to analyze contemporaneous feature groups 
and associated material culture in the following chapters. 

Spatial and temporal analyses of Falcon Landing revealed that discrete clusters of spatially associated 
and likely contemporaneous features were located throughout the site (see Chapter 10). Important chrono-
logic groups represented by multiple features included the Chiricahua, San Pedro, Cienega, and Red Moun-
tain phases. The presence of numerous contemporaneous features belonging to these chronologic groups 
indicated a continuity of occupation from the Middle Archaic through the Early Ceramic period at Falcon 
Landing. Furthermore, these discrete clusters of structures and associated extramural features indicated 
some of these occupations represented multiple activities and perhaps short-term, temporary encampments. 
In sum, Falcon Landing can be characterized as an occupational palimpsest of intermittent, seasonal occu-
pations, the evidence of which was periodically buried under natural sediments and subsequent reoccupa-
tions in later periods.
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Table 2. Features Identified at Luke Solar Project and Excavation Level of Effort

Site Name Feature Type
Level of Effort

Total
Examined Complete Partial Sampled

Falcon Landing 
(AZ T:7:419 [ASM])

activity areaa — 8 6 — 14

burial — 1 — — 1

cache — 14 3 2 19

charcoal/ash lens 8 3 33 21 65

FAR concentration 17 13 44 35 109

house-in-pit — 40 — — 40

midden — — 2 — 2

nonthermal pit 1,275 106 443 549 2,373

nonthermal pit (bell shaped) 8 9 7 1 25

posthole — 6 — 3 9

reservoir — — 1 — 1

structure (possible) 1 — — 3 4

surface structure — 4 — — 4

thermal pit 58 139 78 55 330

thermal pit (bell shaped) 1 6 2 1 10

Subtotal, Falcon 
Landing 

1,368 349 619 670 3,006

AZ T:7:68 (ASM) artifact concentration — 1 — — 1

burial — 1 — — 1

house-in-pit — 2 — — 2

nonthermal pit 13 6 11 2 32

nonthermal pit (bell shaped) — 1 — — 1

Subtotal, AZ T:7:68 
(ASM) 

  13 11 11 2 37

AZ T:7:423 (ASM) FAR concentration — — 1 — 1

nonthermal pit — — 2 — 2

nonthermal pit (bell shaped) — — 1 — 1

Subtotal, AZ T:7:423 
(ASM) 

  — — 4 — 4

AZ T:7:437 (ASM) FAR concentration 1 — — — 1

nonthermal pit 4 — 11 — 15

thermal pit 1 1   — 2

Subtotal, AZ T:7:437 
(ASM) 

6 1 11 — 18

Rancho La Loma Well 
(AZ T:7:424 [ASM]) 

— 1 — — 1

Total 1,387 362 645 672 3,066

a Includes one activity surface.
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Table 3. Number of Features per each Chronologic Component Defined for the Luke Solar Sites

Site Name Chronologic Components Calibrated Date Range Feature Total

Falcon Landing

Early Archaic to Middle Archaic 9500–1200 b.c. 108

Early Archaic to Late Archaic 9500 b.c.–a.d. 50 181

Early Archaic to Pioneer 9500 b.c.–a.d. 400 98

Early Archaic to Protohistoric 9500 b.c.–a.d. 1800 1

Chiricahua 3500–2100 b.c. 710

Middle Archaic to Late Archaic 3500 b.c.–a.d. 50 614

Middle Archaic to Pioneer 3500 b.c.–a.d. 750 262

Middle Archaic to Protohistoric 3500 b.c.–a.d. 1800 155

Late Chiricahua 2100–1200 b.c. 7

San Pedro 1200–800 b.c. 20

Late Archaic 1200 b.c.–a.d. 50 6

Late Archaic to Pioneer 1200  b.c.–a.d. 750 155

Late Archaic to Classic 1200  b.c.–a.d. 1450 2

Late Archaic to Protohistoric 1200  b.c.–a.d. 1800 97

Early Cienega 800–400 b.c. 6

Cienega 800 b.c.–a.d. 50 64

Late Cienega 400 b.c.–a.d. 50 2

Late Cienega to Red Mountain 400 b.c.–a.d. 400 183

Red Mountain a.d. 50–400 3

Early Ceramic to Pioneer a.d. 50–750 5

Early Ceramic to Protohistoric a.d. 50–1800 42

Pioneer a.d. 400–750 1

Pioneer to Classic a.d. 400–1450 100

Snaketown a.d. 650–750 4

Sacaton a.d. 1000–1150 4

Sedentary to Classic a.d. 1000–1450 1

Soho/Civano a.d. 1150–1450 2

Classic to Protohistoric a.d. 1150–1800 28

Protohistoric a.d. 1450–1800 2

post-Middle Archaic post 3500 b.c. 39

post-Late Archaic post 1200 b.c. 90

post-Soho post a.d. 1150 9

post-early Historic post a.d. 1700 5

Subtotal, Falcon Landing 3,006

Site 68

Early Archaic to Middle Archaic 9500–1200 b.c. 5

Middle Archaic to Late Archaic 3500 b.c.–a.d. 50 15

Late Archaic to Protohistoric 1200  b.c.–a.d. 1800 15

Snaketown a.d. 650–750 2

Subtotal, Site 68 37
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AZ T:7:68 (ASM)

Site 68 is a large prehistoric archaeological site, however, only about 3 percent of the northern portion of 
this previously recorded site was within the APE (Adams 1991; Hall et al. 2011). Site 68 is immediately 
south of Falcon Landing and extends several hundred meters south of LAFB. Phase 1 and 2 data recovery 
efforts in the portion of Site 68 within the APE resulted in the identification of 37 buried cultural features 
(see Table 2) including 2 house-in-pit structures, 1 human burial, 1 artifact concentration, and 33 extramu-
ral pits (see Chapter 5, Volume 1). The Site 68 features were grouped into three chronologic components 
based on stratigraphic position and one component based on radiocarbon dating. Thirty-five features of 
Site 68 had stratigraphic dates, including Early Archaic to Middle Archaic (n = 5), Middle Archaic to Late 
Archaic (n = 15), and Late Archaic to Protohistoric (n = 15) (see Table 3). Unfortunately, the stratigraphic 
dates were generally very broad and made temporal associations difficult within and among the chronologic 
groups. The Middle to Late Archaic group, however, had an associated date range of 1380–920 cal b.c., and 
corresponds to the Chiricahua/San Pedro temporal component discussed below. Spanning approximately 
400 years across the age ranges defined for the Middle and Late Archaic periods, the Chiricahua/San Pedro 
component included a structure, a human burial (secondary cremation), and 13 nonthermal pits (including 
one large bell-shaped pit). Radiocarbon-dated features at Site 68 (cal a.d. 650–780) included one structure 
and one extramural pit, both dating to the Snaketown phase. The data suggest that the portion of Site 68 
within the APE was occupied intermittently from the Middle Archaic through the Hohokam Pioneer period. 
Activities at Site 68 likely included plant processing and storage, as evidenced by the large bell-shaped pit 
and numerous possible processing features. The presence of 2 ephemeral house-in-pit structures suggests 
individuals or a small group of people visited the site for a duration long enough to require shelter. The sec-
ondary cremation also suggests a slightly longer occupation.

AZ T:7:423 (ASM)

Site 423 was a small, limited-activity site located to the southwest of Falcon Landing. Phase 1 and 2 data 
recovery efforts at Site 423 resulted in the identification of four prehistoric features (see Table 2), including 
three extramural pits and an FAR concentration (see Chapter 6, Volume 1). The features at Site 423 were 
grouped into two chronologic components based on stratigraphic position and one component derived from a 

Site Name Chronologic Components Calibrated Date Range Feature Total

Site 423

Early Archaic to Late Archaic 9500 b.c.–a.d. 50 1

Late Archaic to Classic 1200  b.c.–a.d. 1450 2

Late Cienega to Red Mountain 400 b.c.–a.d. 400 1

Subtotal, Site 423 4

Site 437

Sulphur Spring 9500–3500 b.c. 1

Chiricahua 3500–2100 b.c. 2

Middle Archaic to Late Archaic 3500 b.c.–a.d. 50 8

Late Archaic to Pioneer 1200  b.c.–a.d. 750 5

Cienega 800 b.c.–a.d. 50 1

Pioneer to Classic a.d. 400–1450 1

Subtotal, Site 437 18

Totala 3,065

a Does not include Site 424 (La Loma Well).
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radiocarbon date. A single nonthermal bell-shaped pit was assigned to the Early to Late Archaic period, and 
two nonthermal pits were assigned to the Late Archaic to Classic period. A single FAR concentration was 
radiocarbon dated to the Red Mountain phase (cal a.d. 10–130). The small number of features at Site 423 
suggests the site was a limited-activity resource-procurement, staging, and processing locale.

AZ T:7:437 (ASM)

Site 437 was a small, limited-activity resource procurement and processing locale, located about 130 m east 
of Falcon Landing, across a small drainage (see Chapter 7, Volume 1). Site 437 was originally identified 
as a single buried feature, recognized during the intersite trenching phase. Subsequent Phase 2 mechanical 
stripping uncovered an additional 17 buried features (see Table 2), including 16 extramural pits and an FAR 
concentration. The original feature identified during intersite trenching was a thermal pit radiocarbon dated 
to 7040–6690 cal b.c. (Sulphur Spring phase) of the Early Archaic period, and it represents the oldest dated 
feature in the project area.

Rancho La Loma Well (AZ T:7:424 [ASM]) 

The Rancho La Loma Well is a Historical-period well and water-conveyance system (see Chapter 8, Vol-
ume 1). The main well pad and associated features are approximately 50 m north of the APE (see Figure 1). 
Portions of the underground water line and aboveground utility line, leading to and from the well, cross the 
APE. The well was built in 1952 to provide nonpotable water to the Rancho La Loma residence (owned by 
Mr. and Mrs. P. W. Litchfield), located about 1 mile to the southeast from the well. The Rancho La Loma 
property, and by extension the well and associated distribution-system easement, has since changed owner-
ship, and is now operated by Sun Health Properties, Inc.

Research Themes

Historic contexts and research themes were presented in the original treatment plan (Hall and Wegener 
2011; Hall et al. 2011; Hall, Ciolek-Torrello, et al. 2010), and the updated version is presented in Chapter 2, 
Volume 1. Several research themes were identified in the treatment plan, each of which can be related to a 
number of general research questions. Themes relevant to the Luke Solar project included chronology, pre-
historic cultural affiliation, and land-use patterns. Each of the research themes subsumes several research 
questions, and each analysis in this volume examined the data with respect to these themes. Stone artifacts, 
faunal remains, and macrobotanical and pollen remains were analyzed to address questions of subsistence, 
for example, and the age of the cultural features and the natural site sediments related to the theme of chro-
nology. The aboriginal use of the project area through time was a particularly salient aspect of the project; 
contemporaneous groups of features were identified to address questions of land use, mobility, seasonality, 
and the intensity and duration of site occupations. 

Data collected from the Luke Solar project sites also helped to improve the regional culture history. Fal-
con Landing is the largest Middle Archaic occupation identified to date in the Phoenix Basin. Information 
from Falcon Landing will likely add to our growing body of knowledge about the Middle Archaic period 
in southern Arizona, including the use of the distinctive lower-bajada landscape. Prior to this study, much 
of the evidence for these time periods was derived from riverine sites. Falcon Landing also has provided 
important information on subsequent Late Archaic and Early Ceramic period occupations in this region. 
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A Note on the Luke Solar Chronology

The establishment of temporal control was a fundamental goal during the Luke Solar project. The chronologic 
placement of individual features and the dating of the natural stratigraphy was perhaps the greatest meth-
odological challenge of this project. A complicated multistep process using different analytical approaches 
was used to assign ages of varying precision to particular features, as well as to identify temporally defined 
groups of features (Figure 5). This process ultimately was responsible for the assignment of over 3,000 fea-
tures into a temporal framework, and also strived to obtain the most precise or analytically meaningful dates 
possible. Four frameworks were devised to investigate chronology at the Luke Solar sites, including chrono-
logic components, analytical groups, temporal components, and occupational episodes. The following sum-
marizes the process involved in interpreting the Luke Solar chronology and how this chronology was applied 
to the project sites, features, and material culture in the following chapters.

Chronological Components

In total, 34 chronologic components were defined for the Luke Solar sites, extending from the Early Archaic 
to the Historical period (see Table 3). The chronologic components were defined by a combination of ra-
diocarbon dates and geoarchaeological analysis of the natural sediments within project area. In Chapter 4, 
Volume 1, the geochronologic model was introduced, and the basis of this model is extensively described 
in Chapter 2 of this volume. Basically, the geochronologic model correlated the natural alluvial deposition 
across the site using radiocarbon analysis to determine the age of stratigraphic units. The result was the 
definition and age-bracketing of five major stratigraphic units (Units I–V) in the Luke Solar project area. 
Using the age ranges for natural stratigraphic units, nearly every feature in the project area was assigned 
to a chronological component (see Table 3). Assigning features to chronologic components required sev-
eral steps. Features were assigned a date range based on a series of five methods, or cases, each requiring 
a specific set of data, and each decreasing in precision (see Figure 5). First, features that were individually 
radiocarbon dated (Case 1) had a specific and precise age range obtained from the radiocarbon analysis. 
This radiocarbon date was preferable over all other dating methods for its ability to assign a direct date to 
an individual cultural feature. Second, features were dated stratigraphically, using the geochronologic model 
that was developed by directly or indirectly dating the natural stratigraphy. If a feature was not radiocarbon 
dated, then it was given the age range of its associated natural stratum (Units I–V). In some cases, a feature 
was coeval (Case 2) with a natural stratum (i.e., a feature wholly contained within a single stratum) and was 
assigned a bracketing age range for that particular stratum. Other features intruded into the upper surface of 
a stratum, with a younger stratum overlying the surface, creating an unconformity (Case 3). In the case of 
an unconformity, the feature was assigned the latest date for the stratum it intruded into and the earliest date 
for the overlying stratum. Sometimes this unconformity date range was quite long, making the age assigned 
to a particular feature very broad. In rare instances, a feature intruded into the surface of a stratum and did 
not have an overlying stratum (Case 4) or the overlying stratum was not determined in the field (Case 5); 
therefore, these features were considered to postdate the stratum into which they intruded. Features with a 
precise date range were assigned to a specific cultural phase, based on the culture history defined in Chapter 2, 
Volume 1. Features that crossed multiple phases were assigned to the next most precise cultural period. For 
example, a feature with a date range that crossed both the San Pedro and Cienega phases would be assigned 
to the Late Archaic period. Features that crossed multiple periods were assigned to the earliest and latest 
periods encompassed by the date range. For example, a feature date range that began sometime in the Early 
Archaic period and ended in the Late Archaic period would be assigned to the Early to Late Archaic period 
component. All feature descriptions presented in Volume 1 are arranged by these chronological components.



 12

Figure 5. Flowchart showing the process of 
establishing the Luke Solar chronology.
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Analytical Group

The artifact and ecofact analyses presented in this volume used an abbreviated version of the original chro-
nology components introduced in Volume 1. Many of the 34 chronologic components used in Volume 1 
were too imprecise to be analytically useful. In other words, chronologic comparisons could not be made 
with feature dates that extended over multiple cultural phases or periods. As an example, a nonthermal pit 
on Falcon Landing (Feature 14624) was intrusive to the surface of Unit I, with Unit V alluvium overlying 
the feature. This stratigraphic position provided a geochronologic date of 5320 cal b.c.–cal a.d. 1520, cor-
responding to the Early Archaic to Protohistoric period. This date range spans nearly the entire Luke Solar 
project chronology. Obviously, a feature with such a broad date range is not analytically useful when study-
ing culture change over time. In order to resolve this type of temporal conundrum, the chronologic compo-
nents from Volume 1 were revised to provide more-meaningful temporal groups. These new categories were 
called analytical groups (Table 4). The first step in creating the new analytical groups was to recategorize the 
components into fewer groups and eliminate the number of components with long date ranges. As a result, 
13 analytical groups were established, a marked decrease from the previous 34 chronological components. 
Chronologic components with similar date ranges were lumped together, and poorly dated features were 
placed into two broad categories. For example, features originally assigned to the Snaketown and Sacaton 
phases, or the Pioneer period, were combined into the analytical group “pre-Classic” (a.d. 400–1150). In 
other cases, features with long date ranges such as Early Archaic to Protohistoric, Middle Archaic to Pio-
neer, or Late Archaic to Classic, were categorized as “poorly dated,” and were excluded from further analy-
sis. An additional category of “Cochise” was used to encompass all features that had broad date ranges but 
still fell within the established span of the Archaic period, such as the Early to Middle Archaic and Middle 
to Late Archaic components. The Chiricahua phase of the Middle Archaic was also divided into early and 
late phases in this schema to represent the beginning of the Early Agricultural period. Following Huckell 
(1995), the Early Agricultural period is defined by the introduction and slow development of agricultural 
practices in southern Arizona around 2100 b.c. Despite the lack of agricultural signatures in the Luke Solar 
sites, the ability to compare contemporaneous occupations at Luke Solar with those in the Tucson Basin, or 
elsewhere in the U.S. Southwest where early agriculture was practiced, seemed prudent. As such, the ad-
dition of the early and late Chiricahua phases should be considered a simple heuristic device, allowing the 
comparison of early (3500–2100 cal. b.c.) and late (2100–1200 cal. b.c.) Chiricahua phase contexts. The 
span of the late Chiricahua phase used here has been reported from several Middle and Late Archaic/Early 
Agricultural sites in the Tucson Basin, such as the “unnamed interval” by Mabry (2005:Table 1.1), as well 
as the Silverbell phase by Whittlesey et al. (2010:6). The material culture and ecofact analyses presented in 
Chapters 3–7 of this volume follow the analytical group schema. Importantly, these analytical groups repre-
sent mutually exclusive temporal categories that were investigated by the analysts, the results of which are 
directly comparable to each other as well as the chronological components presented in Volume 1. 

Temporal Components 

During the course of analysis, it was recognized that large groups of features with relatively precise age 
ranges had been lumped into the Cochise category. These groups represented features stratigraphically dated, 
but their age ranges overlapped more than one cultural phase. As an example, nearly 200 features at Falcon 
Landing and Site 68 had age ranges than straddled the accepted Chiricahua (ca. 3500–1200 b.c.) to San Pedro 
(ca. 1200–800 b.c.) transition date. Features stratigraphically dated to ca. 1380–920 b.c. represented a sig-
nificant occupation in the Luke Solar project area; however, the previously defined cut-off date of 1200 b.c. 
for the end of the Middle Archaic and beginning of the Late Archaic period masked potentially important 
occupations during the Chiricahua/San Pedro transition at Luke Solar. Other transitional date ranges identi-
fied in the Luke Solar chronology included the San Pedro/Cienega phases, Cienega/Red Mountain phases, 
and Classic/Protohistoric periods. Features in these categories were not included in the analytical groups 
because they overlapped more than one group; therefore, redundant and/or nonmutually exclusive temporal 
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categories were avoided in the material culture analysis. A new framework was established that included 
these “transitional” occupations, called temporal components (Table 5). In total, 11 temporal components 
were defined, including a category of “not applicable” (n/a) for poorly dated features. The temporal com-
ponents basically mirrored the analytical groups presented above, with the exception of including the tran-
sitional groups. Therefore fewer features were included in poorly dated categories. Furthermore, the early 
and late Chiricahua phase contexts defined in the analytical groups (above) were collapsed to include only 
the Chiricahua phase. Temporal components were used in the spatial and aspatial analyses of Chapter 10. 
In the Chapter 10 discussion, the transitional categories were considered with the same weight as the other 
mutually exclusive categories despite the slight overlap with age ranges. These transitional categories dem-
onstrate how some of the Luke Solar occupations do not fit neatly within the established cultural historical 
frameworks developed for southern Arizona.

Table 4. Number of Features per Analytical Group

Site Name Analytical Groups Calibrated Date Range Feature Total

Falcon Landing

early Chiricahua 3500–2100 b.c. 710

late Chiricahua 2100–1200 b.c. 7

San Pedro 1200–800 b.c. 20

Cienega 800 b.c.–a.d. 50 72

Red Mountain a.d. 50–400 5

pre-Classic a.d. 400–1150 9

Classic a.d. 1150–1450 2

Protohistoric a.d. 1450–1800 2

Historical post a.d. 1700 5

Cochise 9500 b.c.–a.d. 50 1,090

poorly dated 1,084

Subtotal, Falcon Landing 3,006

Site 68

pre-Classic a.d. 650–750 2

Cochise 9500 b.c.–a.d. 50 20

poorly dated 15

Subtotal, Site 68 37

Site 423

Red Mountain 400 b.c.–a.d. 400 1

Cochise 9500 b.c.–a.d. 50 1

poorly dated 1200  b.c.–a.d. 1450 2

Subtotal, Site 423 4

Site 437

Sulphur Spring 9500–3500 b.c. 1

early Chiricahua 3500–2100 b.c. 2

Cienega 800 b.c.–a.d. 50 1

Cochise 3500 b.c.–a.d. 50 8

poorly dated 6

Subtotal, Site 437 18

Totala 3,065

a Does not include Site 424 (La Loma Well).
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Occupational Episodes

Finally, a fourth chronologic framework was devised for Luke Solar using radiocarbon-dated features. The 
analysis of the individually radiocarbon dated features using the OxCal program resulted in the definition 
of 10 radiometrically discrete occupational episodes (0–9), as defined in Chapter 2, this volume. A revised 
version of the occupational episodes was used in Chapter 10, which focuses on a subset of features from 
the original OxCal model (Table 6). Each of the nine episodes used in Chapter 10 was given an alpha-des-
ignation (A–I) and corresponds to the previous temporal frameworks and age ranges. A significant aspect 
of the occupational episodes was that all features within a single episode were determined to be statistically 
contemporaneous: a feature in Occupational Episode A, for instance, corresponds to the earliest portion of 
the Chiricahua phase defined for the Luke Solar project, or 3340–2890 cal b.c. (see Table 6). If the age of a 
particular feature spanned multiple occupational episodes, then the feature was assigned an alpha-designa-
tion for each episode it crossed. For example, Feature 14624 (described above) has a geochronologic date 
of Early Archaic to Protohistoric (5320 cal b.c.–cal a.d. 1520). This geochronologic date would correspond 
to Occupational Episode A–I. Obviously, the more letters assigned to a particular feature, the less precise 
the date range. Understandably, the well-dated occupational episodes (i.e., those features with only a single 
alpha-designation), included only a very small sample of the features identified at the project sites. The pro-
cess involved in the OxCal modeling and defining of the occupational episodes is discussed in greater detail 
in Chapter 2, and the spatial and aspatial analyses of features and material culture within these episodes are 
presented in Chapter 10. 

Table 5. Number of Features per Each Temporal Component Defined at Luke Solar 

Site Name Temporal Components Calibrated Date Range Feature Total

Falcon Landing Chiricahua 3500–1200 b.c. 717

Chiricahua/San Pedro 1380–920 b.c. 189

San Pedro 1200–800 b.c. 20

San Pedro/Cienega 920–720 b.c. 6

Cienega 800 b.c.–a.d. 50 72

Cienega/Red Mountain 160 b.c.–a.d. 340 183

Red Mountain a.d. 50–400 3

pre-Classic a.d. 400–1150 14

Classic a.d. 1150–1450 2

Classic/Protohistoric a.d. 1220–1520 28

n/a 1,772

Subtotal, Falcon Landing 3,006

Site 68 Chiricahua/San Pedro 1380–920 b.c. 15

pre-Classic a.d. 400–1150 2

n/a 20

Subtotal, Site 68 37

Site 423 Cienega/Red Mountain 160 b.c.–a.d. 340 1

n/a 3

Subtotal, Site 423   4

Site 437 Chiricahua 3500–1200 b.c. 2

Cienega 800 b.c.–a.d. 50 1

n/a 15

Subtotal, Site 437 18

Totala 3,065

a Does not include Site 424 (La Loma Well).
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Volume 2 Overview

The following chapters present the results of analyses and interpretations for the Luke Solar project. Chap-
ter 2 begins with a thorough study of the geoarchaeology and paleoenvironment of the project area. The 
environmental reconstruction sets the stage for subsequent analyses in this volume and has broader impli-
cations for how and when Archaic foragers used this lower-bajada landscape. Chapter 2 also provides a 
complete summary of the radiocarbon analysis conducted for the project. Radiocarbon dating was the fun-
damental method for interpreting the periods of deposition across the APE, which in turn allowed for the 
chronological placement of each stratigraphic unit defined within the project area. Cultural features without 
direct radiocarbon dates were indirectly dated via the stratigraphy. Placing individual features into chrono-
logical groups was a major milestone for the Luke Solar project and facilitated the subsequent study of how 
the project area was occupied over time.

The analysis of all flaked and ground stone artifacts recovered from the Luke Solar project is discussed 
in Chapter 3. Stone artifacts made up over 75 percent of the project artifact collection, and this collection 
was a key tool in understanding aboriginal technology, subsistence, and land use as it pertains to the Luke 
Solar project area. Important items of the stone artifact collection included numerous Archaic-style projectile 
points and evidence of a predominantly bifacial-reduction technology. A diverse and unique ground stone 
technology points to a major focus on processing locally available plants throughout the Middle and Late 
Archaic periods, and continuing into the Ceramic period.

Chapter 4 presents the results of the faunal bone and shell analyses. Leporids and rabbit-sized mammals 
made up the majority of animal remains recovered in the project area, and the diversity of animal taxa was 
generally very low. The faunal remains identified in the Luke Solar project indicate hunting was likely not the 
primary activity during the Archaic and Early Ceramic periods. Procuring and processing animal resources 
was clearly a secondary activity, likely an outcome of opportunistic encounters, and at select times, a more 
logistically organized procurement mode. Large numbers of marine shell beads recovered from Falcon Land-
ing point to long-distance exchange networks. Interestingly, over a third of the faunal collection was recov-
ered from a single Historical-period feature, providing a glimpse into an early-twentieth-century rabbit drive.

The analysis and interpretation of the prehistoric ceramic artifacts are presented in Chapter 5. The small 
ceramic collection from the Luke Solar sites represented mostly occasional use of ceramic vessels in the 
project area, to fulfill short-term liquid or dry storage needs and/or for use in cooking. The majority of the 
ceramics were associated with the Hohokam Ceramic tradition (ca. a.d. 50–1450). However, two untem-
pered plainware sherds recovered from Late Archaic contexts (ca. 1200–200 b.c.) provide some clues to the 
very earliest stage of the development of ceramic technology in the Phoenix Basin.

Table 6. Occupational Episodes Defined at Falcon Landing

Occupational Episodes
Cultural Phase

OxCal Modela 2σ Date Range Revisedb 2σ Date Range

0 7040–6690 cal b.c. n/a n/a Sulphur Spring

1 3340–2890 cal b.c. A 3340–2890 cal b.c. early Chiricahua

2 2890–2490 cal b.c. B 2860–2620 cal b.c. early Chiricahua

3 2570–2340 cal b.c. C 2570–2460 cal b.c. early Chiricahua

4 2200–1310 cal b.c. D 2200–1310 cal b.c. late Chiricahua

5 1390–800 cal b.c. E 1390–800 cal b.c. San Pedro

6 790–160 cal b.c. F 790–540 cal b.c. Cienega

7 cal a.d. 10–250 G cal a.d. 10–120 Red Mountain

8 cal a.d. 610–780 H cal a.d. 610–780 pre-Classic

9 cal a.d. 980–1270 I cal a.d. 980–1270 pre-Classic/Classic

a Occupational episode dates derived from OxCal Model (Chapter 2, this volume).
b Revised occupational episode dates used for analysis in Chapter 10, this volume.
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Charred plant material analyzed from the Luke Solar project is discussed in Chapter 6. Preserved plant 
material from flotation and macrobotanical samples provided a relatively limited record of aboriginal plant use. 
Economic plant resources included the fruit and/or seeds of saltbush (Atriplex), cheno-am, grass (Panicum), 
plantain (Plantago), purslane (Portulaca), horse purslane (Trianthema portulacastrum), and mesquite (Pro-
sopis). No evidence of domesticated plants was identified in the macrobotanical record. Charred nonrepro-
ductive plant parts (stem fragments, twigs, and wood) of saltbush, saguaro (Carnegiea gigantea), ocotillo 
(Fouquieria splendens), creosote bush (Larrea), grass (Poaceae), and mesquite likely represented fuel, con-
struction timbers, tools, and other nonsubsistence uses. 

Preserved pollen remains identified and analyzed from the Luke Solar project are discussed in Chapter 7. 
Pollen concentrations were moderately high, though the richness, or diversity, of plant taxa was generally 
low. Most abundant was cheno-am pollen. Other economic plants identified by pollen analysis included 
mesquite, palo verde (Parkinsonia [Cercidium]), plantain (aka Indianwheat), hackberry (Celtis), and wolf-
berry (Lycium). A single maize pollen grain was identified from the floor of a Late Archaic structure, and it 
is the only evidence of a domesticated plant in the project area. Other rare but economically important pol-
len signatures included prickly pear (Opuntia [Platyopuntia]), cattail (Typha), cottonwood (Populus), oco-
tillo, silktassel (Garrya), as well as possibly Erodium, and the pea family (Fabaceae). Evidence from both 
the pollen and macrobotanical records indicated that generally, aboriginal groups occupied the Luke Solar 
project area primarily during the spring and summer, with infrequent evidence of late-winter and early-fall 
visitations, in order to benefit from the available wild-plant resources.

Chapter 8 presents the results of the bioarchaeological analysis for the Luke Solar sites. Only two hu-
man burials were identified in the Luke Solar project area. In accordance with the project NAGPRA Plan of 
Action, all human remains and associated mortuary items recovered from the Luke Solar project area were 
repatriated to the Salt River Pima-Maricopa Indian Community on June 28, 2013. The rarity of burials in 
the project area relative to other Archaic period sites in southern Arizona is likely related to the aboriginal 
land-use strategies practiced in the project area. Foraging groups visiting the project area were unlikely to 
inter the deceased, perhaps preferring to relocate their loved ones to another location or base camp. Chapter 8 
also includes an overview of Archaic and Early Ceramic period burials from elsewhere in southern Arizona 
and compares these data to the mortuary behavior documented in the project area.

Chapter 9 discusses the evidence for archaeological signatures of subsistence activities. The chapter 
begins with a discussion of the environmental context of the Sonoran Desert as well as a thorough review 
of the available plant and animal resources and ethnographic examples of food-processing technologies. 
Using these ethnographic examples, the chapter discusses the different tools and methods used to process 
plant and animal resources as well as how these tools and behaviors might manifest themselves into the ar-
chaeological record, particularly in regards to the features and artifacts documented at the Luke Solar sites.

Chapter 10 organizes and discusses the tremendous amount of feature, artifact, ecofact, spatial, and 
temporal data collected for the Luke Solar project. First, the extramural-pit analysis presented in Chapter 4, 
Volume 1, is revisited, and this analysis is furthered by assigning these pits into functional categories. Sec-
ond, an aspatial analysis of features and feature artifact content is discussed, with a focus on assessing the 
intensity of occupations over time. The aspatial analysis used the analytical groups and occupational episodes 
discussed above. Thirdly, spatially associated clusters of contemporaneous features are defined through sta-
tistical Geographic Information Systems (GIS) analysis, and this study identified several significant spatial 
and temporal patterns of occupation within the Luke Solar project area.

Chapter 11 concludes Volume 2 by addressing the research questions and synthesizing the project re-
sults. In particular, the artifact and ecofact analyses presented in Chapters 3–7 are revisited and used to 
answer the research themes presented in Chapter 2, Volume 1. Subsistence data discussed in Chapter 9 and 
the spatial and temporal analysis in Chapter 10 are also used to address the research themes of land use, 
cultural affiliation and chronology. In the last section, avenues of potential future research are described, 
including furthering the chronometric data through additional radiocarbon analysis as well as processing 
and analyzing the archaeomagnetic samples collected during fieldwork. It is also noted that the archaeo-
botanical record for Luke Solar could be strengthened by the analysis of additional pollen and flotation 
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samples. Finally, a predictive geological model is introduced that estimates the location of potential buried 
Middle Archaic cultural resources in the vicinity of LAFB based on soil survey data.

As part of conveying information pertinent to the analyses presented in the previous chapters, Appen-
dixes 1.1–9.1 accompany Volume 2 on a DVD. Table 7 lists these appendixes. One of the most challenging 
aspects of the Luke Solar project was the physical scale of the excavations. Because of this scale, it was 
difficult to adequately portray the entire project area on one map. An interactive portable document format 
(pdf) file (Appendix 1.1) was created to help the reader by presenting the project map in a digital format. This 
interactive pdf file is searchable and contains multiple layers that are independently selectable. Volume 1 of 
this series contains a similar interactive pdf file; however, the Volume 1 interactive pdf includes only the re-
sults of SRI’s fieldwork, including all features, excavations units, etc. The interactive pdf file provided in this 
volume includes the same content as the Volume 1 interactive pdf, but also contains the subsequent results 
of temporal and geologic analyses. Features in Appendix 1.1 are arranged by temporal component, allow-
ing the reader to explore the changes in prehistoric occupation over time. Also included in Appendix 1.1 are 
layers that depict the natural surface geology of the project area, the geology of the mechanically stripped 
surface, and natural channels defined within the project area. A step-by-step user’s guide for the interactive 
pdf, Appendix 1.2, is also provided on the accompanying DVD.

Table 7. Table of Appendixes 

Appendix No. Description

1.1 Interactive PDF

1.2 Interactive PDF How-To Guide

2.1 Phosphorus Analysis of Structures

2.2 Radiocarbon Analysis

2.3 Geologic Profile Descriptions

2.4 Geochronology Model

3.1 EDXRF Analysis of Obsidian

3.2 Flaked Stone Data Table

3.3 Ground Stone Data Table

3.4 Expedient Use Data Table

4.1 Archaeological and Excavation Context and Faunal Taxon, 
Element, and Taphonomy Data

4.2 Ages of Features and Nonfeature Proveniences with Faunal 
Remains, by Site

4.3 Shell Artifacts from the Luke Solar Project

5.1 Ceramic-Attribute Recording

6.1 Analyzed Luke Solar Project Flotation and Macrobotanical 
Samples

6.2 Luke Solar Project Flotation-Sample Data, by Site

6.3 Luke Solar Project Macrobotanical Sample Data, by Site

7.1 Proveniences of Luke Solar Project Pollen Samples

7.2 Raw Counts of Pollen Data for the Luke Solar Project

9.1 Basketry at Falcon Landing: (A Study of What Once Was)

10.1 Interactive PDF: Spatio-Temporal GIS Analysis Layers 

10.2 Spatio-Temporal GIS Analysis Layers How-To Guide
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C H A P T E R   2

Geoarchaeology and Archaeological Chronology

Jason D. Windingstad, Stacey Lengyel, John D. Hall, Matthew C. Pailes, 
Jeffrey A. Homburg, and Robert M. Wegener

Introduction and Research Goals

The Luke Solar project provided a unique opportunity to investigate the geomorphic history and prehistoric 
cultural use of a 46-acre excavated footprint on a Sonoran Desert bajada. The archaeological record preserved 
over 5,000 years of episodic but pervasive use beginning with the Middle Archaic and lasting through the 
Hohokam Classic period. From a modern landscape perspective, LAFB does not appear to have been an at-
tractive area for prehistoric settlement. In regional Archaic settlement models, bajada settings are considered 
part of the Sonoran landscape that was traveled across but not extensively occupied because access to water 
was severely limited (Roth and Freeman 2008). Understanding how the distal bajada evolved over time and 
how changes relate to the occupational history of the site(s) is a critical step in explaining why prehistoric 
groups repeatedly came to this area. 

This chapter presents the findings of the geoarchaeological and chronological research conducted at Fal-
con Landing (AZ T:7:419 [ASM]) and adjacent sites between 2011 and 2013. Geoarchaeological investiga-
tions focused on documenting and interpreting the natural site stratigraphy, geochronology, and prehistoric 
landscape context. Defining the site stratigraphy and constructing a geochronological model was an important 
research goal because very few of the cultural features uncovered during excavation could be radiocarbon 
dated. Placing the remaining features in a well-defined stratigraphic sequence was the only viable way to 
assign a temporal context to most of the archaeological record. Fortunately, many of the stratigraphic units 
were deposited over a large portion of the project area during a relatively short period of geologic time, which 
made them very useful for stratigraphic dating. By correlating the units across space via radiocarbon dat-
ing, many features could be assigned an absolute age. Because of the lateral complexity of the stratigraphy, 
however, some age assignments were either not possible or were simply too broad to be useful. The project 
geochronology also served as the foundation for modeling the radiocarbon data set by placing temporal/
stratigraphic constraints on the radiometrically dated features. In many cases, these constraints resulted in 
more-refined age estimates by requiring one set of features to be older (or younger) than another, thus trun-
cating the probability distributions of the unmodeled calibrated radiocarbon dates. 

Background

The following provides critical background information for the study. This includes information on local 
geology, soils, landforms, geomorphic processes, regional paleoenvironments, and modeling of radiocar-
bon data sets. 
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Physiography and General Geologic Contexts

Regionally, the project area is situated in the western Phoenix Basin (hereafter referred to as the Luke Ba-
sin), a Cenozoic basin in the south-central part of the Basin and Range tectonic province (Gootee 2013). The 
Luke Basin initially developed during the middle Tertiary (21–17 million years ago [Ma]) when crustal de-
formation resulted in extensive faulting across what is now the Basin and Range Province (Reynolds 1985). 
At this time, extension of the earth’s crust along low-angle detachment faults created the early White Tank 
and South Mountains (footwall, uplifted block) and the Luke Basin (hanging wall, down-dropped block). 
A second pulse of tectonic activity during the Basin and Range disturbance (15–8 Ma) may have supported 
additional Luke Basin subsidence via high-angle normal faults (Menges and Pearthree 1989). During and 
following major periods of basin subsidence, the basins began to accumulate sediment derived from the ad-
jacent uplifted mountain ranges. Initially, the basins were hydrologically closed and contained large ephem-
eral lakes or playas. By the late Pliocene, basin fills had aggraded up to the elevation of the basin drainage 
divides, and external drainage networks developed. In the Luke Basin, the internally drained streams were 
captured by the Gila River drainage network (Gootee 2013).

The Luke Basin is bound to the west by the White Tank Mountains, to the south by the Sierra Estrella 
Mountains, to the southeast by South Mountains, to the east by the Phoenix Mountains, to the northeast by 
Union Hills, and to the north-northwest by the Hieroglyphic Mountains. External drainage is accommodated 
by the Gila River along the basin’s southern margin. Major tributaries of the Gila that flow through Luke Basin 
include the Salt, Agua Fria, and New Rivers. More locally, LAFB is situated on the lower eastern piedmont 
of the White Tank Mountains, a setting now occupied by the western fringe of the Phoenix metropolitan 
area. The White Tank Mountains are a mid-Tertiary metamorphic core complex composed of Proterozoic 
metamorphic and plutonic rocks, several Late Cretaceous to early Tertiary granitic plutons, and some mid-
Tertiary plutonic, volcanic, and sedimentary rocks (Reynolds et al. 2002). The rocks along the eastern flank 
of the White Tank Mountains are almost entirely early Proterozoic and Cretaceous to early Tertiary granites 
(Reynolds et al. 2002; Richard et al. 2000). Ultimately, nearly all of the piedmont alluvium on the east side 
of the White Tank Mountains was derived from these granitic rocks. The range has a maximum elevation 
of just over 1,240 m (4,068 feet) above mean sea level (AMSL) and is surrounded by an extensive, gently 
sloping piedmont capped primarily with Quaternary alluvial deposits. The eastern and southern piedmont of 
the White Tank Mountains is drained by the lower Agua Fria River and the middle Gila River, respectively. 
The Agua Fria–Gila River confluence is located approximately 15 km (9.3 miles) south of LAFB. 

The project area sits at an elevation of 325 m AMSL (1,066 feet) and is located 11 km (6.8 miles) east 
of the eastern flank of the White Tank Mountains and 6 km (3.7 miles) west of the modern Agua Fria River 
channel. The alluvial plain surrounding LAFB slopes gently (less than 0.5 percent slope) to the southeast 
and is characterized by very low topographic relief. The only topographic break is a pair of conspicuous 
hills located immediately east of LAFB and just west of the New River–Agua Fria River confluence. As 
discussed in more detail below, these hills likely represent the surface expression of minor upward plastic 
flow of the Luke Salt Body, a 3,600–4,400-m (11,800–14,440-foot)-thick deposit of rock salt that under-
lies the central Luke Basin (Eaton et al. 1972; Peirce 1984). Alternatively, the hills could be the result of 
differential compaction of basin fills over a high spot in the salt dome. In either case, there is a causal link 
between the formation of these landforms and the underlying salt body; therefore, the hills will be referred 
to as salt domes throughout the chapter. 

White Tank Piedmont Soils and Landforms

The primary landscape element of the White Tank Mountains piedmont is the alluvial fan and its associated 
discontinuous ephemeral-fan drainage system. An alluvial fan is an aggradational sedimentary deposit in the 
shape of a cone that radiates downslope from a point where a drainage channel changes from confined to 
unconfined flow (Bull 1977; Drew 1873). Put more simply, an alluvial fan will form where there is a source 
of sediment and sufficient water to carry it to a wide place suitable for deposition (Vincent et al. 2004). 
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Because alluvial fans form in many different environments, no single criterion can be used to define a fan 
(Bull 1984). For instance, many fans are not cone or fan shaped because they are constrained by older adja-
cent fans. This is particularly true on middle to upper bajadas. Additionally, alluvial fans in a classic sense 
have mountainous catchments, but most middle and lower piedmont fan drainages in southern Arizona have 
their catchments on middle to upper piedmont surfaces (relict fans) and are disconnected to the mountains 
hydrologically (Field and Pearthree 1991). 

The piedmont as a whole is a depositional plain composed of many coalescing alluvial fans of differ-
ing age and size (bajada). In general, Holocene alluvial surfaces become more extensive on the medial and 
distal White Tank bajada where active or recently active alluvial fans begin to merge with terraces of the 
Agua Fria River. Conversely, relict alluvial fans dating to the Pleistocene and late Tertiary generally increase 
in spatial extent on the proximal piedmont where they form topographically elevated surfaces with incised 
dendritic drainage networks (Field and Pearthree 1991). Such a landform sequence is indicative of a tec-
tonically stable basin that has experienced basinwide erosion throughout the late Quaternary (Bull 1984). 

Geologic mapping of the White Tank Mountains piedmont by Field and Pearthree (1991) indicates much 
of the piedmont west of LAFB is covered with undifferentiated fan alluvium dating to the Holocene from 
10,000 years ago to the present (Figure 6). These areas are prone to occasional to frequent flooding. In the 
project area, late to middle Pleistocene (1,000–10 thousand years before present [ka]) fan deposits form is-
lands surrounded by younger Holocene alluvium (see Figure 6). The undifferentiated late and middle Pleis-
tocene M12 or M1 mapping units are used primarily in agricultural or disturbed areas where natural surface 
characteristics were destroyed. Unfortunately, the 1:24,000 geologic maps (Field and Pearthree 1991) did 
not extend east of LAFB and so the salt domes were not mapped. The Geologic Map of Quaternary and 
Upper Tertiary Alluvium in the Phoenix North 30’ x 60’ Quadrangle, Arizona, however, indicates the domes 
are early Pleistocene and late Pliocene landforms (greater than 1,000 ka) (Demsey 1988). 

Maricopa County soil survey maps reveal a pattern similar to the geologic maps in that most of the me-
dial piedmont is covered by young alluvium with weakly developed soils, and the proximal and distal pied-
mont are characterized by relict landforms with strongly developed soils (Figure 7). This is not surprising 
because the geologic maps are partially based on soil survey data. Immediately west of LAFB, most of the 
soils are mapped as Torrifluvents, which are Entisols (young, weakly developed soils that lack subsurface 
diagnostic horizons, i.e., A–C horizonation) with an irregular decrease in organic carbon with depth (Soil 
Survey Staff 2010). The irregular distribution of organic carbon signifies the presence of stratified alluvium 
and/or the presence of buried surface horizons. The Torrifluvents mark active or recently active (late Holo-
cene) discontinuous ephemeral-fan networks on the White Tank Mountains piedmont. At present, most of 
the medial piedmont Torrifluvents are being used for agricultural purposes. 

On the proximal and distal piedmont, soils with diagnostic subsurface horizons identify older landform 
(see Figure 7). These soils are classified as Aridisols, that is, soils in an aridic soil moisture regime with one 
or more of the following diagnostic subsurface horizons: cambic (Bw), argillic (Bt), calcic (Bk), petrocalcic 
(Bkm), natric (Btn), salic (Bz), gypsic (By), petrogypsic (Bym), or duripan (Bqm) (Buol et al. 2003; Soil 
Survey Staff 2010). Although many of these relict soils are capped by younger alluvium, particularly on the 
distal piedmont, diagnostic subsurface horizons are close enough to the modern surface (within 100 cm) to 
influence soil classification. Many Aridisols on the White Tank Mountains piedmont represent late Pleis-
tocene or older landforms; however, soils mapped as Haplocambids (Aridisols with a Bw horizon), Hap-
localcids (those with a Bk horizon), or Natrargids (those with a Btn horizon) could date to the Holocene. 
Haplocambids and Natrargids require less time for development and have been radiometrically dated to the 
late and middle Holocene in south-central Arizona (Huckleberry 1997). Soils with calcic horizons (must be 
at least 15 cm thick and contain 15 percent more calcium carbonate [CaCO

3
] by volume than the underlying 

horizon) in the fine-grained low-carbonate alluvium of the White Tank Mountains piedmont are probably 
at least early Holocene in age (Gile 1975). Some Haplocalcids in south-central Arizona have been dated to 
the middle Holocene (Huckleberry 1997), but these have likely formed in coarse-textured or high-carbonate 
alluvium. The development of true calcic horizons requires less time in these parent materials (Birkeland 
1999; Gile 1975; Gile et al. 1981; Machette 1985; McFadden and Tinsley 1985). 



 22

Figure 6. Geologic map of the Eastern White Tank Mountains piedmont (modified from 
Field and Pearthree 1991).
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Figure 7. Soil map showing distribution of Aridisols and Entisols on the Eastern White Tank Mountains piedmont.
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Figure 8. Location of salt domes east of Luke AFB.
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The salt domes are mapped as Aridisols with calcic, petrocalcic, or duripan subsurface soil horizons 
(see Figure 7). Relict middle to late Pleistocene landforms are often buried by Holocene alluvium on much 
of distal piedmonts. The presence of these relict soil horizons near the modern surface (within 100 cm) on 
and adjacent to the salt domes suggests these deposits were uplifted by the rise of the underlying Luke Salt 
Body. Because salt bodies are lighter than surrounding rock, they are buoyant and rise toward the surface 
in the earth’s crust. Indurated soil horizons have very low permeability, so they have the potential to perch 
local water tables. The La Palma soil series is mapped in multiple areas adjacent to the salt domes. The of-
ficial soil series description notes the presence of a relict perched water table in the B horizons above the 
petrocalcic horizon (https://soilseries.sc.egov.usda.gov/osdname.asp, accessed August 2013).

The salt domes themselves are 14–17 m (45–55 feet) in height, semicircular in shape, and have a di-
ameter of about 3 km (1.9 miles) at their base (Figure 8). A quasi-radial drainage pattern is visible in aerial 
imagery on both of the domes, and a small drainage net has developed between them. A comprehensive 
description of the unconsolidated deposits forming the salt domes does not currently exist, but they were 
briefly examined by geologist M. E. Cooley (Eaton et al. 1972:2):

The deposits comprising the hills are divisible into two units—a younger gravel and an older silt 
to silty sand. The gravel is thin and is not present on the summits of all the hills. Where it is pres-
ent, it has the appearance of a terrace deposit, which tends to mask the presence of the underlying 
unit. The gravel unconformably overlies the older unit and has a maximum observed thickness of 
6 feet. It consists mainly of rounded to subrounded pebbles composed of volcanic, granite-gneiss, 
and other silicic types. In places there are also a few rounded cobbles and small boulders as much 
as 16 inches in the long dimension. In its overall appearance, the gravel is similar to that trans-
ported by the nearby Agua Fria River and dissimilar to the well-rounded to rounded quartzitic and 
hard silicic pebbly to cobbly gravel exposed in terraces along the Salt River. The imbrication or 
arrangement of the gravel indicates that it was deposited chiefly by southwestward-moving water, 
but the range of individual measurements is from the southwest, through south, to west-northwest.

The older unit is composed principally of buff silt and some thin layers of silty sand and sand. 
It is weakly cemented by limey materials. Some thin beds contain more than 75 percent of porous 
limestone (or caliche). At one exposure, the silt has been crumpled somewhat and is interlaced with 
very thin calcite veins, which dip at different angles and trend in different directions. In general, the 
deposit resembles silt-sand beds exposed near the lower Hassayampa River to the west and other 
fine-grained deposits in Arizona that are considered to be of late Tertiary (chiefly Pliocene) age. 

At the Morton Salt facility located 4 km (2.5 miles) northeast of the project area, well logs indicate the 
top of the salt body is 268 m (880 feet) deep and extends to a maximum depth of 3,600+ m (11,810 feet) 
(Gootee 2013). The depth to the top of the salt body below the salt domes is estimated to be 150 m (490 
feet) (Figure 9). Approximately 1.6 km (1 mile) east of LAFB, an exploratory test hole drilled in 1968 by 
the Arizona Salt Company and El Paso Natural Gas Company penetrated the salt body at a depth of 241 m 
(790 feet) (Eaton et al. 1972). 

The origin of this massive salt body is not well understood. Bromide content indicates it was deposited 
in a lacustrine (freshwater) environment, but such a large volume of salt has not been documented in a fresh-
water setting in the western United States (Eaton et al. 1972). A possible explanation is that the Luke Basin 
is at the lowest point of a series of playas that runs along the Gila Low, a geologic subprovince in south-
central Arizona that includes the Luke, Picacho, Paradise, and Higley Basins (Peirce 1984). The age of the 
salt is not well constrained; however, a basalt flow overlying the Luke Salt Body was dated to 10 million 
years ago (Ma) and this is interpreted to be a minimum age for the lower Luke Basin fills, including the salt 
deposits (Eberly and Stanley 1978). 

Several groundwater studies conducted adjacent to LAFB have identified an area of low groundwater trans-
missivity (or permeability) in the upper 150 m (490 feet) of valley fill immediately south-southeast of the base 
(Anderson 1968; Stulik and Twenter 1964). This area appears to be associated with fine-grained alluvium that 
may have been compacted and partially cemented by the buoyant rise of the Luke Salt Body (Eaton et al. 1972).
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White Tank Mountains Piedmont Geomorphic Processes and 
Taphonomic Implications

The primary mechanism of erosion, sediment transport, and deposition on the White Tank Mountains piedmont 
is the discontinuous ephemeral-fan drainage system. All discontinuous ephemeral streams contain a repetitive 
sequence of three main reaches: the headcut tributaries, the master stream, and the alluvial-fan reach (Bull 
1997; Leopold et al. 1964; Packard 1974; Schumm and Hadley 1957) (Figure 10). One complete headcut–
master stream–alluvial-fan sequence can be repeated at intervals ranging from less than 15 m (ca. 50 feet) 
in small drainage networks to over 10 km (6.2 miles) along major streams (Bull 1997). In both large- and 
small-order streams, the positions of the main reaches are not constant; they evolve over time in response to 
a number of internal and external geomorphic forcing mechanisms. Reach migration over timescales rang-
ing from a single storm event to several millennia produces a complex stratigraphic sequence that is very 
difficult, if not impossible, to reconstruct without multiple lines of geologic evidence. The following text 
reviews the geomorphic characteristics and geoarchaeological implications of each individual reach in a 
discontinuous ephemeral stream system. 

The headcut-tributaries reach in the upper drainage marks the beginning of channelized surface flow 
(Leopold et al. 1964) (see Figure 10). Typically, many small tributary channels emerge from a series of head-
cuts incised in the fan toe of the upstream alluvial-fan reach. These channels converge downstream to form 
the head of the master channel reach. Headcut retreat occurs at the knickpoint (vertical face of the headcut) 
and is typically caused by water seeping out of the vertical face after heavy precipitation events (Leopold 
et al. 1964). Viewed in stratigraphic profile, the headcut tributaries are incised, or inset, into older fan allu-
vium and are filled with poorly sorted channel deposits. Channelized flow along the tributary channels can 
have a negative impact on archaeological deposits by displacing and transporting artifacts long distances 
downstream. Additionally, deflation of the surface between tributaries via rill and sheet erosion commonly 
concentrates stratified cultural occupations onto a single erosional surface. 

The point where the headcut tributaries converge is the start of the master channel reach (see Figure 10). 
The master channel consists of a single gully that contains both narrow, deeply incised chutes and wider 
braided segments. Like the tributaries reach, the master channel is incised into older alluvial deposits. The 
depth of the master channel decreases downstream until stream discharge overflows from the channel and 
intersects the surface (Leopold et al. 1964; Packard 1974). This intersection point marks the fan head or 
proximal part of the alluvial-fan reach (see Figure 10). In stratigraphic sections, master channel depos-
its consist of sandy and/or gravelly channel alluvium contained either within a single channel or multiple 
closely spaced channels. Fine-grained sheet-flood deposits (overbank flood deposits) coeval with the chan-
nel alluvium may be present adjacent to the master channel. Because of the higher energy associated with 
channelized flow, archaeological remains recovered from master channel deposits are commonly displaced 
from their primary contexts (Waters 1992). Preexisting stratified cultural occupations within the older allu-
vium exposed along the gully walls are also subjected to erosion via bank undercutting and slump. Cultural 
occupations within the master channel reach, however, can be quickly buried by channel alluvium and well 
preserved in primary context. 

The alluvial-fan reach of a discontinuous ephemeral stream begins at the intersection point. The fan 
reach can be further subdivided into three primary components: the fan head, the middle fan, and the fan 
toe (see Figure 10). At the fan head, flow spreads out laterally from the intersection point along shallow di-
verging channels. On some fans, large peak-flow events have incised and extended the master channel into 
the upper fan to create a fan-head trench. On the middle fan, the bifurcating fan-head channels quickly lose 
definition and grade into small depositional lobes (Schuster 1990). The middle fan is often characterized by 
a combination of channelized and unchannelized flow that results in a complex stratigraphic sequence of 
bedded channel lenses and massive sheet-flood deposits (Packard 1974). Finally, the fan toe is characterized 
by a complete loss of channelized flow, and the deposition of suspended sediment load (silts and clays) in 
shallow deposits that form a broad sheetwash plain (Schuster 1990). 
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Buried archaeological sites are commonly found in the alluvial-fan reaches of ephemeral streams in 
southern Arizona (Phillips et al. 2001; Rice 1987; Schuster 1990; Waters 1987; Waters and Field 1986). Many 
of these sites have contained intact house floors and activity areas that were minimally disturbed by super-
imposed sheet-flood deposits (Schuster 1990; Waters and Field 1986) because sheetwash has a low-tractive 
force that is unlikely to entrain and redeposit artifacts over significant distances (Waters 1992). However, 
sheetwash often forms a shallow blanket of fine-textured alluvium over preexisting bar-and-swale fan sur-
faces. Prehistoric occupations on the topographically higher bars will be shallowly buried and subsequently 
subjected to more-intense pedoturbation processes. Conversely, more-deeply buried cultural materials in 
swales will be partially or completely removed from the active zone of pedogenesis and are therefore more 
likely to remain in primary context. Additionally, the upstream migration of the headcut tributaries reach 
will impact buried archaeological deposits in the fan toe. 

A complete fan drainage contains multiple headcut tributary–master channel–alluvial-fan segments that 
make up a discontinuous gully system (Schuster 1990; Waters 1992). The general pattern of reach migra-
tion is in an upstream direction. Headcuts move and expand upstream, thereby generating larger volumes 
of sediment that aggrade onto the alluvial-fan reach. Continued aggradation on the fan eventually begins to 
bury the lower end of the master channel reach. The result is a system in which each individual reach mi-
grates upstream over the adjacent reach (Schuster 1990). Over time, this produces a stratigraphic sequence 
of stratified and interfingering facies. A complete stratigraphic section recording the succession of stream 
reaches upstream is rarely encountered. Rather, discontinuous streams usually migrate laterally via channel 
avulsion to cause adjacent fan systems to overlap and grade into one another (Field 2001). This produces a 
stratigraphic section that can include deposits from a single alluvial fan or from multiple adjacent alluvial fans. 

In summary, because of the complex alluvial architecture associated with ephemeral drainage networks, 
contemporary archaeological resources will be simultaneously exposed on the surface and buried at variable 
depths in different parts of the same alluvial-fan/ephemeral drainage system. This introduces variable levels 
of taphonomic bias into the archaeological record that can only be recognized if the geologic context of the 
site is well understood. This is particularly challenging in alluvial-fan environments because fan deposits 
generally cannot be correlated across space without independent age control.

Geochronology and Paleoclimatic Significance of Sonoran and Eastern 
Mojave Desert Alluvial Fans

Geomorphic studies focused on mapping and dating alluvial fans have identified a rough regional synchron-
icity in periods of active fan deposition in the Sonoran and eastern Mojave Deserts (Bull 1977, 1984, 1991; 
McDonald et al. 2003; McFadden et al. 1989; Wells et al. 1987). These studies cite climate change, particu-
larly wet to dry phase changes during the Pleistocene–Holocene transition, as the driving mechanism behind 
synchronous episodes of alluvial-fan aggradation (Bull 1991; McDonald et al. 2003). Few studies, however, 
have concentrated on the linkage between Holocene climate variability and alluvial-fan activity. Soil geo-
morphic characteristics of bajada surfaces, along with a handful of radiocarbon dates, indicate that Holo-
cene alluvial fans are extensive on middle to lower piedmonts in southern Arizona (Bacon et al. 2010; Bull 
1991; Field and Pearthree 1991). As Bacon et al. (2010) note, many of these fans grade into larger stream 
systems that are known to contain extensive Holocene alluvial and archaeological records (Huckleberry et al. 
2013; Waters 2008). The following text summarizes relevant fan-climate studies for the Sonoran and eastern 
Mojave Deserts. In the following text, calibrated radiocarbon dates are presented as calendar years before 
present (cal b.p.), uncalibrated dates as radiocarbon years before present (14C yr b.p.), and the geomorphic 
surfaces of Bull (1991) and uranium-series (U-series) dates from speleothems as thousands of years before 
present (ka). The ka dates are comparable to calendar years. An approximate calibrated radiocarbon date is 
provided for uncalibrated dates in calendar years before present (cal b.p.).

Studies of Quaternary alluvial geomorphic surfaces in the lower Colorado River drainage (southern 
Arizona, southeastern California, and southern Nevada) have identified nine generations of alluvial fans 
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and stream terraces based on their topographic features, pedogenic characteristics, and desert-pavement and 
varnish development (Bull 1991:Table 2.2). Because of their regional extent, Bull considered these surfaces 
to be the result of climate change rather than geomorphic variables intrinsic to individual drainage systems. 
Within the context of past human occupation, five of these alluvial fans (Q4a and b; Q3a, b, and c) aggraded 
while indigenous and/or historical-period groups occupied the Sonoran landscape. The remaining four (Q2c, 
b, a, and Q1) were already present when human populations first arrived in the latest Pleistocene. 

The Q3 surfaces (Q3a, b, and c) represent bajada deposition during the Holocene (12–2 ka). Q3 sur-
faces have been stable long enough to develop desert pavements but remain largely undissected by on-fan 
drainages. As noted previously, these surfaces commonly are more extensive on middle to lower piedmonts 
where they bury older fan deposits. Because Q3 surfaces have not been subjected to long periods of ero-
sion, some original constructional bar-and-swale topography is usually preserved. This gives Q3 surfaces 
a distinctive plumose appearance in aerial imagery. Soil development in Q3 is limited to the formation of 
15–20-cm-thick Bk horizons with Stage I calcium carbonate morphology (that is, fine filaments or thin 
coatings on the underside of gravels). However, early Holocene fans (Q3a) may contain Stage II nodules 
or weakly developed argillic horizons (Bt horizons marked by significant accumulations of clay that have 
been translocated from above) (Bull 1991:Table 2.2). The youngest surfaces, Q4a and b, represent gravelly 
bars and channels along active or recently abandoned streams. These surfaces are characterized by a lack 
of desert pavement and either incipient or complete lack of rock varnish. On the middle to upper piedmont, 
Q4 surfaces are confined to narrow incised channels and are subject to modification by flooding. On distal 
piedmonts, small Q4 fans are often inset below Q3 surfaces. Soil formation in Q4 deposits is generally ab-
sent or only very weakly expressed.

Holocene piedmont surfaces of the lower Colorado River drainage have been assigned relatives ages 
based mainly on soil development and topographic characteristics, but several studies have systematically 
dated Holocene deposits using absolute-dating techniques (e.g., Bacon et al. 2010; Cerling et al. 1999; 
Clark 1994; Liu, Phillips, Pohl, and Campbell 1996; McDonald et al. 2003; Miller et al. 2010; Phillips et al. 
2001; Wells et al. 1987; Wells et al. 1990). Early Holocene alluvial fans, Q3a (12–8 ka) of Bull (1991), are 
not well dated in Arizona. Several studies in the eastern Mojave Desert bracket latest Pleistocene to early 
Holocene fan deposition between 14,000 and 9400 cal b.p. on the Soda Mountains (Wells et al. 1987) and 
12,500–10,400 cal b.p. on piedmonts of the Providence Mountains (Clark 1994). These dates span the Pleis-
tocene–Holocene transition, a time in the desert Southwest when increased summer storm (monsoon) activity 
may have promoted channel incision, fan-head entrenchment, and fan aggradation (Bull 1991; Harvey et al. 
1999; Wells et al. 1987). This interpretation is largely based on a late Pleistocene–early Holocene increase 
in succulents and grasses in pack-rat middens across the eastern Mojave and Sonoran Deserts (Spaulding 
1985; Spaulding and Graumilch 1986; Van Devender 1990). However, an increase in extreme storm events 
associated with late-season Pacific frontal storms and late-summer tropical cyclones may also have played 
an important role (McAuliffe and Van Devender 1998; McDonald et al. 2003; Van Devender et al. 1987). A 
high stand of Paleolake Cochise (McDonald et al. 2003) in southeastern Arizona and the presence of early 
Holocene lake clays at Montezuma Well (Davis and Shafer 1992) in central Arizona further suggest an early 
Holocene pluvial period supported by increased summer precipitation. 

At the end of the early Holocene, an episode of significant and rapid global climate change has been 
documented in numerous paleoclimatic records between 9000 and 8000 cal b.p. (Alley et al. 1997; Mayewski 
et al. 2004). The catastrophic drainage of glacial lakes between 8400 and 8000 cal b.p. and the subsequent 
disruption of ocean circulation is cited as the primary cause (Barber et al. 1999). At lower latitudes, this 
global event was characterized by a period of increased aridity in a generally wet, early Holocene, along 
with a shift in precipitation regimes (deMenocal et al. 2000). At Montezuma Well, lower lake levels were 
marked by a transition from lake muds to peat around 8000 14C yr b.p. (approximately 7000 cal b.c.) and a 
pronounced increase in charcoal at 7300 14C yr b.p. (approximately 6000 cal b.c.), which suggests burning 
of the marsh surrounding the lake (Davis and Shafer 1992). The resolution of existing alluvial-fan and pack-
rat-midden chronologies is generally not sufficient to identify this global event.

By 8 ka, the present climatic and vegetational regimes across much of the Southwest had been established 
(Van Devender 1990). Antevs (1955) originally defined the middle Holocene from approximately 7–4.5 ka as 
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the Altithermal period. First identified in the winter precipitation–dominated Great Basin, this warm period 
has been extended to include other areas of the Southwest that predominantly receive summer precipitation 
during the North American Monsoon (NAM) (Van Devender and Spaulding 1979). However, atmospheric 
circulation patterns that result in dry conditions in the Great Basin are unlikely to produce the same result 
in the Sonoran or eastern Mojave Deserts. This is evident in the fossil pollen record of the Murray Springs 
and Double Adobe sites where pollen data indicate a period of greater effective moisture and a shift in veg-
etational zones downward in elevation by 300 m (980 feet) (Martin 1963; Mehringer et al. 1967). Sonoran 
Desert pack-rat-midden chronologies also reveal an increase in summer-rainfall-obligate plant species dur-
ing the middle Holocene (Van Devender 1990). Van Devender and Spaulding (1979) argue that areas char-
acterized by summer monsoons actually had increased summer rainfall due to warmer global temperatures 
favoring the development of the Bermuda High. By contrast, the lacustrine record of Paleolake Cochise in 
the Willcox Basin indicates that a lake was absent during the Altithermal from 7–5 ka and did not fill again 
until the end of this period (5–4 ka) (Waters 1989). Bull (1991) and Miller et al. (2010) suggest that increases 
in warm-season high-intensity storms favor hillslope erosion and alluvial aggradation and that periods with 
increased cool-season frontal storms cause major flooding and the expansion of ephemeral lakes. Interest-
ingly, very few alluvial-fan deposits have been directly dated to the middle Holocene, especially between 
8000 and 6000 cal b.p. (Miller et al. 2010:54), which contradicts this idea of fan aggradation in response 
to increased warm-season precipitation. Because there are few geochronological studies focused on dating 
Holocene fan deposits, it is difficult to determine if this was a regional trend. 

The latter half of the Holocene is characterized by climatic conditions similar to the present, namely, 
hot and dry, but some significant fluctuations have been documented. Numerous studies of alluvial and la-
custrine records in the southwestern United States cite an increase in the frequency and strength of El Niño-
Southern Oscillation (ENSO) in the late Holocene as the cause of significant changes observed in terrestrial 
records (Bacon et al. 2010; Liu et al. 2000). This idea is supported by historical climate records that correlate 
El Niño climatic patterns with increased winter North Pacific frontal storms and Pacific tropical cyclones 
that track into the Southwest and stimulate increased winter and spring precipitation (Andrade and Sellers 
1988). Some of these events (e.g., tropical storm Nora in 1997) promoted substantial erosion and deposition 
on southern Arizona piedmonts (Pearthree et al. 2004). Although it is widely accepted that ENSO climatic 
patterns are responsible for major shifts in precipitation during the late Holocene, the type of atmospheric 
conditions and the hydrologic processes responsible for these changes are poorly understood (Bacon et al. 
2010; Scuderi et al. 2010). 

Paleoflood chronologies spanning the last 6,000 years reconstructed for rivers in Arizona and southern 
Utah indicate that floods are divided into distinct time periods (Ely 1997; Harden et al. 2010). Although 
sampling bias may have influenced the development of these chronologies (Ballenger and Mabry 2011), they 
still document significant periods of aggradation along major drainages. Evidence indicates high-magnitude 
floods along bedrock reaches from 5000 to 3600 14C yr b.p. (5800–4200 cal b.p.) and again between 1100 
and 900 14C yr b.p. and after 500 14C yr b.p. (approximately 1050–950, 910–750, and 540–510 cal b.p., 2σ 
range) (Ely 1997). Harden et al. (2010) documented episodes of significant flooding along bedrock and al-
luvial reaches at 6700–5700, 5600–4820, 4550–3320, and 2000–0 cal b.p., with major peaks at 6300, 5380, 
3850, and 1310 cal b.p. Increases in cool-season storms during the negative phase of the Southern Oscilla-
tion Index (El Niño conditions) are considered responsible for the increased frequency of flooding during 
these times (Ely 1997).

Although El Niño conditions are well correlated with cool-season precipitation and flooding along major 
streams, ENSO impacts on alluvial-fan activity are more difficult to determine. What is known, however, is 
that after 6000 cal b.p. there was a significant increase in alluvial-fan aggradation across much of the east-
ern Mojave and Sonoran Deserts (Bacon et al. 2010; Cerling et al. 1999; Liu, Phillips, Pohl, and Campbell 
1996; McDonald et al. 2003; Miller et al. 2010; Phillips et al. 2001; Wells et al. 1987). These studies indicate 
that alluvium underlying the Q3b and c (8000–2000 yr b.p.) mapping units of Bull (1991) commonly date 
between 6000 and 2000 cal b.p., with a prominent peak between 6000 and 3000 cal b.p. in the Mojave and 
eastern Sonoran Deserts and between 3200 and 2300 cal b.p. in the southwestern Sonoran Desert. These date 
ranges are interesting because they put alluvial-fan aggradation out of phase with the warm and dry middle 



 32

Holocene (8–4 ka) and increasingly wet and cool late Holocene (4–0 ka) paradigm espoused by southwestern 
researchers (e.g., Antevs 1955; Bull 1991). Rather than correlating with broad changes in average tempera-
ture and mean annual precipitation, these episodes of fan aggradation appear to be more closely linked to 
periods of rapid global climate change dated between 6000 and 2500 cal b.p. and enhanced ENSO climatic 
patterns (Bacon et al. 2010; Mayewski et al. 2004; Miller et al. 2010). 

The first of these periods of global climate change took place between approximately 6000 and 
5000 cal b.p. (Mayewski et al. 2004) and corresponds very closely to an abrupt increase in sea surface tem-
peratures in the Gulf of California as detected in microfauna proxy data at 6200 cal b.p. (Barron et al. 2005; 
Miller et al. 2010). This was deemed significant because an increase in NAM activity has been closely cor-
related to increased sea-surface temperatures in the Gulf of California (Mitchell et al. 2003). Miller et al. 
(2010) suggest that more-intense NAM events after 6200 cal b.p. triggered sediment transport on slopes that 
resulted in widespread alluvial-fan aggradation between 6000 and 3000 cal b.p. A U-series–dated speleothem 
record from the Cave of Bells located on the eastern side of the Santa Rita Mountains in southeastern Ari-
zona also suggests dry and warm winters and a stronger summer monsoon between 6.9 and 3.5 ka (Wagner 
2006). In south-central Arizona, the geoarchaeological study of an Archaic occupation in a bajada/alluvial-
fan setting located 10 km (6.2 miles) east of the McDowell Mountains in the northern Luke Basin (Last 
Ditch site [AZ U:5:33 ASM]) documented Archaic occupations in association with alluvial-fan deposits that 
began to aggrade around 5000 cal b.p. (Phillips et al. 2001). Archaic occupations were largely coeval with 
aggradation of the fan between approximately 5000 and 3800 cal b.p. If widespread alluvial-fan aggradation 
is related to an increase in high-intensity warm-season precipitation events after 6000 cal b.p., it is possible 
that fan aggradation here was also triggered by ENSO-intensified NAM activity. 

Late Holocene Q3c alluvial-fan deposits have been dated between 3200 and 2300 cal b.p. in several ar-
eas of southern Arizona and the Colorado Plateau. These fans correlate with a period of rapid global climate 
change between 3500 and 2500 cal b.p. and a pronounced El Niño climatic pattern from 3200 to 2800 cal b.p. 
(Mayewski et al. 2004; Sandweiss et al. 2001). Atmospheric conditions created by an intensified ENSO cycle 
after 3300 cal b.p. favored regional alluvial-fan aggradation between 3200 and 2950 cal b.p. near Yuma, Ari-
zona (Bacon et al. 2010), between 2750 and 2350 cal b.p. in the Ajo Mountains (Liu, Phillips, and Campbell 
1996), sometime between 3500 and 1000 cal b.p. in the Phoenix Basin (Rogge and Phillips 2009a), and be-
tween 3300 and 2200 cal b.p. on the Colorado Plateau (Cerling et al. 1999). Regionally, paleoclimatic proxies 
indicate unusually wet conditions over this same time period, supporting the idea that fan aggradation was 
caused by climate change. Periods of increased precipitation were dated to 3.3–2.7 ka (U-series dates) in 
the speleothem record of Carlsbad Caverns and Hidden Cave in the Guadalupe Mountains of New Mexico 
(Asmerom et al. 2007; Polyak and Asmerom 2001). Sediment cores from the Gulf of California also have 
identified two significant ocean-cooling events centered around 3400 and 2700 cal b.p. (Pérez-Cruz 2006). 
These cooling events were separated by a 700-year period of increased ocean temperatures indicative of 
periodic El Niño sea-surface conditions. Alluvial chronologies in the Gila River watershed further point to 
multiple episodes of synchronous arroyo cut-and-fill cycles after 4500 cal b.p. (Waters and Haynes 2001). 
A major period of aggradation along both the Santa Cruz and San Pedro Rivers was documented between 
4000 and 2500 14C yr b.p. (Haynes 1987; McDonald et al. 2003). 

Latest Holocene alluvial fans (less than 2 ka, Q4 of Bull [(1991]) are not extensively dated in the So-
noran or eastern Mojave Deserts. Over the last 2,000 years, episodes of rapid climate change have been 
documented around 1200–1000 and 600–150 cal b.p. (Mayewski et al. 2004), both in regional and global 
paleoclimatic proxy records. Arroyo formation and periods of increased flooding correlate to these events 
along southwestern drainages, but the impact on desert piedmonts is not as clear (Ely 1997; Huckleberry 
et al. 2013; Waters 2008; Waters and Haynes 2001). On the piedmont of the western Tortolita Mountains 
north of Tucson, late period Hohokam agricultural settlements dating between 1000 and 650 14C yr b.p. were 
associated with Q4 fans. Cultural features were stratified within alluvial-fan deposits, thereby indicating oc-
cupation during periods of fan aggradation. These occupations were associated with small seasonally active 
fans. People apparently avoided placing their settlements on larger dynamic fans (Waters and Field 1986). It 
is possible that the occupations between 1000 and 65014C yr b.p. correspond with a period of lower-energy 
fan deposition. Larger climatically driven fan aggradation at 1200–1000 and 650–150 cal b.p. was poorly 
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suited for ak chin agriculture, which requires low-energy non-erosive sheetwash (Schuster 1990; Waters and 
Field 1986). Whether this pattern corresponds to any regional trend remains unknown. 

Modeling of Radiocarbon Data Sets

Over the last few decades, large radiocarbon data sets have become more common in archaeological and 
earth science research (Kerr and McCormick 2014). The most common methods employed for presenting 
these data are sum probability curves and/or Bayesian age-depth models generated in OxCal or Calib ra-
diocarbon calibration software. Sum of probability curves, or cumulative probability density functions (CP-
DFs), are xy plots with probability density on the y axis and calibrated age on the x axis. Such frequency 
distributions are often cited as evidence for the rise and fall of prehistoric human populations (Kerr and Mc-
Cormick 2014; Surovell et al. 2009). This technique, however, is subject to certain caveats. Each radiocar-
bon date represents a specific moment in time, but the calibrated date gives a spread of possible dates with 
a definite margin of error. The quality of the material dated and the shape of the calibration curve influence 
the range or spread of possible younger and older dates on each side of the actual date (Baillie 1991; Wie-
ner 2012). This “smearing” effect is particularly problematic on flat areas of the calibration curve, such as 
the 800–400 b.c. plateau, or where the curve oscillates enough to produce several intercepts (Wiener 2012). 
As a consequence, the calibrated ages can artificially flatten or peak the probability distribution giving an 
anomalous population proxy for those time periods (Williams 2012). 

The Baysian approach incorporates a priori knowledge of the stratigraphic relationship between radio-
carbon dates in the data set. Bronk Ramsey (2011) considers the Baysian age-depth approach to be a more 
reliable indicator of past events than CPDFs. In OxCal modeling software, the “Sequence” code is used to 
constrain a group of dates to a chronologically controlled stratigraphic unit. The geochronological framework 
can then be used to identify periods of site occupation and place temporal constraints on these occupational 
episodes. OxCal software then uses the constraints introduced by this structure to calculate the modeled 
posterior density estimate of each feature’s calendar age and to assess the integrity of the overall model. 
In many cases, these constraints result in more-refined age estimates by requiring one set of features to be 
older (or younger) than another, thus truncating the probability distributions of the unmodeled calibrated 
radiocarbon dates. Of course, this method is most successful where a well-defined stratigraphic sequence 
has been previously constructed (Kerr and McCormick 2014). 

Taphonomic, sampling, and discovery biases are also important factors that influence both temporal 
frequency distributions and Bayesian a priori models (Ballenger and Mabry 2011; Surovell et al. 2009). 
Taphonomic bias is introduced by processes that destroy the fossil record (Allison and Bottjer 2011). Like 
the archaeological record, radiocarbon chronologies are limited by the completeness and integrity of the 
geologic record (Waters and Kuehn 1996). It is not possible to radiocarbon date the absence of alluvium; 
only the sediment preserved in the geologic record can be directly dated (Ballenger and Mabry 2011). This 
introduces taphonomic bias because older deposits are often more extensively eroded and are therefore not 
fully represented in the chronology. A similar form of taphonomic bias is introduced when organic material 
suitable for radiocarbon dating is not well preserved or was never deposited. In this case, the sediment in 
question has not been eroded but the absence of suitable material makes it impossible to radiocarbon date. 

Alluvial chronologies, particularly in the Southwest, also suffer from discovery bias because only the 
sediment exposed along natural cuts (arroyos) is sampled. Nearby unincised deposits often remain unsampled 
because they are not easily uncovered for analysis. Finally, sampling or scientific bias can be introduced 
when certain samples are preferentially targeted based on preconceived research goals or sampling strate-
gies. Overall, the missing time in radiocarbon chronologies can be attributed to many factors, including poor 
preservation of datable materials, discovery bias, sampling bias, or taphonomic loss (erosion) and may not 
accurately reflect prehistoric populations or geomorphic events (Ballenger and Mabry 2011). 
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Methods

The following section reviews the geoarchaeological and chronological methods. It is divided into two sec-
tions, field and postfield methods. Discussion of the field methods includes how the stratigraphy in trenches 
and excavation units was described, how the site stratigraphy was delineated, and how features were assigned 
to a specific stratigraphic unit. The discussion of postfield methods describes the chemical and physical 
laboratory analyses performed on soil/sediment samples, the radiocarbon-sample selection procedure, and 
elaborates on how the OxCal Bayesian model was constructed. 

Field Methods

Trench walls were described using standard methods outlined in Schoeneberger et al. (2002), Soil Survey 
Staff (1993), and Birkeland (1999). Soil and sediment descriptions included the following observations: 
horizon boundary depth below modern surface; horizon designation (i.e., A, Bk, Bw, Bt); moist and dry 
Munsell colors; texture (by the ribbon method); gravel content, approximated by volume; soil structure; ped 
coatings (i.e., clay and organic films); consistence; secondary carbonate morphology (along with other con-
centrations such as iron, etc.); pores and voids; and horizon boundary characteristics. Additional notes were 
taken concerning the landscape context, including slope shape and gradient, vegetation, and signs of recent 
disturbance. Pedogenic features such as secondary carbonate accumulation, rubification (reddening), soil 
structure, and clay films along ped surfaces provided an estimate of the relative age of deposits (Birkeland 
1999; Bull 1991; Gile 1975; Gile et al. 1981; Machette 1985; McFadden and Tinsley 1985). Intact bedding 
features, clast characteristics (shape, size, and orientation), and particle size were used to draw interpreta-
tions of sedimentary facies, that is, bodies of sediment formed in response to a particular sedimentary en-
vironment (Boggs 1987:307). 

In total, 180 profile descriptions were made in backhoe trenches (Figure 11) and more than 40 descrip-
tions along the edges of mechanical stripping units. Numerous shallow shovel tests were also excavated 
throughout the project area during mechanical excavation. By the end of the project, well over 300 strati-
graphic observations were made across the project area. 

The Luke Solar stratigraphic sequence was defined using an allostratigraphic model. Although the 
concept of the allostratigraphic unit was first introduced and defined in the 1983 North American Strati-
graphic Code, Quaternary stratigraphers have long used bounding disconformities to define stratigraphic 
units (Haynes and Huckell 2007:30; Holliday 2004:76). As defined by the North American Commission on 
Stratigraphic Nomenclature (NACSN) (2005:1578), the allostratigraphic unit is “a mappable body of rock 
(or unconsolidated sediment) defined and identified on the basis of its bounding discontinuities.” Allostrati-
graphic units are particularly useful for mapping sediments that are lithologically similar but clearly separated 
by disconformities (Birkeland 1999; Donovan 1996; Holliday 2004; Rinck 2014). The discontinuities can 
be erosional or pedogenic and can formally link geomorphic surfaces to discrete packages of sedimentary 
deposits across the landscape (the unconformity can be traced laterally). An allostratigraphic unit is defined 
as a depositional unit, not a soil, but a soil can be used to define the bounding unconformities. A properly 
defined allostratigraphic unit is a set of landforms and depositional sequences (including multiple facies) 
formed during a discrete period of time in response to a specific set of environmental conditions (Heinrich 
1993:138). In a discontinuous ephemeral-stream setting, each allostratigraphic unit contains deposits from 
all of the major facies: headcut tributaries, master channel, and alluvial fan. This could include superim-
posed facies created via reach migration from a single stream system or interfingering facies from adjacent 
fans. The unconformities separating the Luke Solar stratigraphic units are the result of adjustments in the 
ephemeral drainage network(s) that ultimately limited alluvial deposition in the project area. Whether this 
was related to localized changes in the fan drainage network (i.e., reach migration or channel avulsion), or 
external forcing via climatic change, is something that is not easily discerned and is a major topic of discus-
sion in the later parts of this chapter. 
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Figure 11. Luke Solar APE trench and profile locations.
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In the following text, the primary Holocene units, Units I, II, III, IV, and V (oldest to youngest), are 
considered alloformations while Units IIA, IIs/sf, III1, III2, and III2cf are considered allomembers of the 
Unit II and Unit III alloformations. However, to facilitate discussion and because the terms alloformation 
and allomember are somewhat unwieldy, each unit, including the allomembers, is discussed individually 
and references to formation and member are rarely made. 

The alluvial deposits were divided into stratigraphic units based on their bounding disconformities us-
ing three main field criteria: soil development, stratigraphic position, and to a lesser degree, particle size and 
intact bedding features (i.e., facies assignments). Once the primary units were identified, some rudimentary 
correlations across short distances could be made in the field. Owing to the lateral complexity inherent in 
bajada settings, however, independent age control (radiocarbon dating) was necessary before a stratigraphic 
model could be constructed for the entire mechanically stripped area. 

During the initial phases of fieldwork, the deposits were coarsely divided into Units I–IV (oldest to 
youngest), later amended to add a Unit V. These divisions were based primarily on soil development, namely 
pedogenic carbonate morphology. The presence of visible pedogenic carbonates was considered to be the 
most useful age-stratigraphic indicator because many of the deposits had very similar soil parent materials, 
specifically, silt loam alluvium derived from a noncalcareous granitic bedrock source. Additionally, in arid 
climates secondary carbonate accumulation typically occurs within the upper 10–20 cm of the soil surface 
(Birkeland 1999; Gile et al. 1981; Machette 1985; McFadden and Tinsley 1985). Although climatic pertur-
bations have certainly occurred in the past, the overall climate has been arid and hyperthermic during the 
Holocene (Davis and Shafer 1992; Holmgren et al. 2003; Van Devender et al. 1987). This indicates that 
the zone of carbonate accumulation has likely been near the soil surface for at least the last 10,000 years. 
Although pedogenic carbonates can form deeper in the soil profile in arid environments, the presence of a 
buried accumulation of pedogenic carbonates typically marks a significant unconformity. 

Unfortunately, soil development did not always provide a reliable means of correlation because de-
posits of the same age were both buried and exposed at or near the modern surface and therefore had very 
different pedogenic characteristics. However, the Litchfield Ranch (LR) Formation and Unit IIA were dis-
tinctive enough that they could be used as reliable stratigraphic markers. The LR Formation almost always 
had Stage II carbonates with some gypsum accumulations, and Unit IIA was a dark thick ABk horizon with 
abundant insect burrows and few Stage I carbonates. Additionally, the latest Holocene deposits, Units III–V, 
typically did not have visible pedogenic carbonates and were located stratigraphically above Units I and II 
in alluvial-fan reaches and inset (incised) into these same units along entrenched channels (headcut tribu-
taries or master channel reaches). 

As the excavations expanded during the course of fieldwork, the initial Unit I–IV sequence was amended 
to accommodate newly discovered deposits/unconformities. The biggest change occurred when a deposit that 
was thought to be a Unit II–IIA sequence was found to be an older deposit between Units I and II. Rather 
than renumber the entire sequence, this deposit became Unit I and the previous Unit I became the LR Forma-
tion. The other amendments resulted in the basic units being subdivided into members (allomembers). For 
example, the radiocarbon results indicated that Unit III should be divided into the allomembers III1, III2, 
and III2cf. These deposits were separated spatially and were rarely stratified at a single location, which is 
why they were not subdivided in the field. Additionally, swale fills and sheet-flood deposits on the Unit IIA 
surface began accumulating immediately after Unit IIA deposition and therefore were identified as Unit IIs 
(swale) or IIsf (sheetflood). Unit IIs/sf was the product of secondary fan processes acting on the surface of 
Unit IIA and Unit I over a long period of time. It therefore did not fit neatly into the old to young Unit I–V 
sequence of primary fan deposition. 

Because geologic time has been accounted for in the stratigraphic sequence, the feature-stratum assign-
ments provided a geologic age for many of the undated features. Considerable effort was made to maintain 
stratigraphic control during mechanical stripping. Each of the 3,400 features was individually inspected 
by examining the stratigraphy exposed in the feature pedestal if the surrounding mechanical-stripping unit 
(MSU) was stripped to a deeper depth, or in small shovel tests if the feature was level with the base of the 
stripping unit. These stratigraphic observations were then correlated with the nearest detailed profile descrip-
tion made during initial trenching of the project area. Commonly the feature could be reliably assigned to 
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a stratigraphic unit in the field, particularly in the northern and western portions of the project area where 
Units I, II, and IIA continued laterally for some distance. However, the complexity of the stratigraphic se-
quence increased to the south and east, making stratigraphic assignments difficult. In some cases, there was 
simply not enough information to assign the feature to a specific stratigraphic unit. 

Features could be dated geologically in one of two ways. The feature either originated within an allos-
tratigraphic unit, in which case it was coeval with deposition of that unit, or the feature originated at the sur-
face of a unit, in which case it dated to the depositional hiatus (unconformity) between the unit the feature 
intruded into and the overlying unit (Figure 12). In some instances, the stratigraphic context of the feature 
could be assigned in the field because there was a clear stratification of adjacent features within a single 
stratigraphic unit. On most occasions, however, the stratification was too subtle and it was unclear whether 
the feature originated within or on the surface of the unit. In these cases, the elevation of the feature was 
compared to the elevation of the unconformities in the nearest profile description. If the feature originated 
at least 10–15 cm below the elevation of the unconformity it was assigned a coeval date. This buffer was 
used because it is likely that the upper part of some features was removed during mechanical stripping. If 
the feature was within 10 cm of the unconformity it was dated to the hiatus. In many instances, the field de-
scription, combined with the feature’s elevation in relation to a nearby radiocarbon-dated profile, provided 
a reliable stratigraphic assignment. In some cases, the nearest profile was too far away and the stratigraphy 
too complex to accurately assign a feature to a specific stratigraphic unit. 

Geologic mapping of the 46-acre stripped area was accomplished by examining high-resolution histori-
cal aerial photographs, modern satellite imagery, and by comparison of these images with field observations. 
The constructional topography of the latest Holocene units was visible in aerial imagery and could be easily 
delineated on the modern ground surface. Specifically, entrenched channel sections and the bar-and-swale 
topography inherent to distributary flow networks were clearly visible for most of the Unit III (Units III1, 
III2 and III2cf), Unit IV, and Unit V drainage networks. Mapping of Units I, II, and IIA was based largely 
on field observations because these units were buried by younger deposits and typically not visible in the 
aerial imagery. The LR Formation was not exposed on the modern ground surface or on the excavated sur-
faces of the mechanically stripped areas (Figure 13).

Figure 12. Diagram showing possible geologic contexts of Luke Solar features.
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Figure 13. Geologic map of the mechanically stripped surface.
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Postfield Analysis

A suite of chemical and physical analyses was required in order to fully characterize the soils and sedimen-
tary deposits of the project area. Particle size was the only physical analysis performed on project samples, 
and it was determined via laser diffractometry (Malvern Mastersizer 2000) at the University of Kansas Soils 
and Geomorphology Laboratory under the direction of Dr. Daniel Hirmas. Particle-size analysis provides 
critical information on depositional sedimentary environments (facies) and certain soil-formation processes 
(Birkeland 1999; Miller et al. 1988). Closely sampled particle-size data can also help identify lithological 
unconformities (abrupt shifts in the depositional environment) in the soil profile. 

Chemical analysis of soil/sediment samples provided the following data: organic carbon (OC) content, 
calcium carbonate (CaCO

3
) content, pH, electrical conductivity (EC), available phosphorus (P), and δ13C 

values of soil organic matter (SOM). Organic carbon was measured via CO
2
 evolution in a dry combustion 

carbon analyzer (Method 4H2, Soil Survey Staff 2004), and available P was determined using the Mehlich-3 
extraction procedure (Method 4D6, Soil Survey Staff 2004). The OC and available P typically increase at 
or near the soil surface as plants become established and begin biocycling plant-essential nutrients. Over 
time, as plants incorporate atmospheric C from CO

2
 into their biomass during photosynthesis, extract P 

from the soil parent material, and complete their lifecycles, these elements begin to accumulate on the soil 
surface during microbial decomposition. These analyses can therefore aid in identifying the presence of 
buried soil surfaces or further validate buried surfaces previously identified in the field. Available P is also 
a persistent indicator of past human activity (Holliday and Gartner 2007). Anthropogenic P originates from 
human waste, organic refuse (e.g., bone, meat, and plants), and ash from fires (Eidt 1984). Once in the soil, 
P quickly bonds with iron (Fe) or aluminum (Al) in acidic soils or calcium (Ca) in alkaline soils to form 
stable inorganic phosphate minerals and organic phosphate (Proudfoot 1976). These forms of P are resistant 
to oxidation, reduction, and soil leaching processes. As humans add P to the soil it tends to accumulate at the 
site of deposition (Holliday and Gartner 2007) (Appendix 2.1). Spikes in OC and available P, above natural 
levels in association with buried surface horizons, may indicate more-intensive cultural use of the surface.

Calcium carbonate content, pH, and EC are important indicators of the presence and concentration of 
soluble salts in the soil profile. CaCO

3
 content was determined by applying 1 N (normal) HCl (hydrochloric 

acid) to the sample and measuring the evolved CO
2 
manometrically (a manometer is an instrument used to 

measure the pressure of gases) (Soil Survey Staff 2004). Soil pH and EC were measured in a 1:1 soil-water 
slurry of distilled and deionized water. All soil chemical analyses were performed at the Iowa State Uni-
versity Soil and Plant Analysis Laboratory. The time-transgressive accumulation of CaCO

3
 in desert soils 

is fundamental in assigning relative ages to geomorphic surfaces and locating pedogenic unconformities in 
stratigraphic sections (Birkeland 1999; Gile et al. 1981; Machette 1985). The presence of salts more soluble 
than CaCO

3
, including sodium and gypsum, can have implications for plant growth and landscape/paleoen-

vironmental reconstructions. Soil pH levels also dictate the potential of the local soil environment to preserve 
organic archaeological materials such as basketry and faunal or human bone. 

Finally, plants with different photosynthetic pathways have unique stable-carbon-isotope (stable C) 
values (δ13C) that are not significantly altered during decomposition (Boutton et al. 1998). The δ13C value 
of SOM therefore reflects the proportions of C3, C4, and Crassulacean acid metabolism (CAM) plants that 
contribute organic matter to the soil (Nordt 2001). On average, δ13C differs by about 13 between modern C3 
(~22.6 to 26.8‰) and C4 (~9.2 to 17.7‰) grass species (Nelson et al. 2006). Over 90 percent of all plant 
species use C3 exclusively and include most tree, shrub, forb, and cool-season grass species. In the Sonoran 
Desert, common C3 plants include mesquite (Prosopis spp.), ironwood (Olneya tesota), foothills palo verde 
(Parkinsonia microphylla), blue palo verde (Parkinsonia florida), creosote bush (Larrea tridentata), bursage 
(Ambrosia spp.), and wolfberry (Lycium spp.). C4 plants use carbon dioxide more efficiently and lose less 
water through transpiration and are therefore better suited to hot sunny environments. Common C4 plants in 
the Sonoran Desert include warm-season grasses (sideoats grama [Bouteloua curtipendula], Rothrock grama 
[Bouteloua barbata var. rothrockii], and Plains bristlegrass [Setaria leucopila]), perennial halophytes (Atri-
plex spp.), and weedy annuals (pigweed [Amaranthus spp.], summer spurges [Euphorbia spp.], and devils 
claw [Proboscidea althaeifolia]) (Ehleringer 1989). CAM plants have a photosynthetic pathway similar to 
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C4, but facultative CAM plants (that is, ones that have the ability to switch from C3 to CAM photosynthe-
sis when water availability decreases) can produce δ13C values that span the entire spectrum of δ13C values 
produced during C3 and C4 photosynthesis (Nordt 2001). In the Sonoran Desert, succulents are the primary 
CAM species (Ehleringer and Cooper 1988). The δ13C value of SOM in well-dated stratified deposits can 
provide valuable insight into past vegetation communities (Liu, Phillips, Pohl, and Campbell 1996; Nordt 
et al. 1994). Although δ13C values of SOM are most informative in semiarid climates that have experienced 
pronounced shifts in C3 to C4 plant communities, stable C data from deserts can still provide some insight 
into vegetational shifts, particularly when paired with fossil pollen or macrobotanical analyses. Stable C 
analysis has proven useful in the northern Chihuahuan Desert of south-central New Mexico and the Ajo 
Mountains of southern Arizona (Buck and Monger 1999; Liu, Phillips, and Campbell 1996; Monger 1995). 
At Luke Solar, increases in saltbush (Atriplex spp.) and weedy annuals should produce a less negative δ13C 
value while increases in woody C3 species should yield a more negative δ13C signal. The presence of CAM 
succulents could be a confounding factor because they produce δ13C values that span the C3–C4 pathway; 
although it is important to note that no or very few succulents are present at the site today. The stable C 
abundance is expressed as a ratio of the two most-abundant isotopes in the sample (13C/12C) compared to the 
same ratio in an international standard (Vienna Pee Dee Belemnite [VPDB] international standard originates 
from the Cretaceous Pee Dee Formation in South Carolina). The deviation from the standard is expressed 
as parts per thousand or per mil (‰). Stable C analysis was performed at the University of Kansas Soils and 
Geomorphology Laboratory. 

Radiocarbon Sampling Methods

According to the Historic Properties Treatment Plan (HPTP) (Hall et al. 2011:42), chronology is one of the 
critical research themes in the Luke Solar data recovery plan. Placing individual features and artifacts into 
their proper temporal context is a crucial step towards making meaningful inferences of diachronic cultural 
change. The Luke Solar project contained a rich record of buried cultural features spanning over 5,000 cal-
endar years, so assigning individual features to chronological groups remained a high priority throughout the 
project. The primary dating technique used for the Luke Solar project was radiocarbon dating, specifically 
accelerator mass spectrometer (AMS) analysis. All charcoal samples selected for radiocarbon analysis were 
first analyzed by Dr. Karen Adams to determine their taxonomic classification (see Chapter 6, this volume). 
With a limited budget for radiocarbon dates, individual features and contexts were carefully chosen to provide 
the most meaningful information to the overall project. In total, 120 radiocarbon dates were obtained for the 
Luke Solar project, with 97 features chosen for radiocarbon analysis and 23 nonfeature (geologic) contexts 
(Table 8. Appendix 2.2). During Phase 1, 44 flotation samples were collected from the fill of unexcavated 
features. Carbonized plant material from 16 of these flotation samples and another 8 point-located charcoal 
samples were submitted for AMS analysis (see Chapter 4, Volume 1). These 24 dates provided the project 
team with a preliminary indication of the temporal variability within the APE. As noted previously, 23 of 
these Phase 1 dates were from unexcavated features. As a result of the subsequent excavation of features, 
several of the original feature interpretations changed during Phase 2 data recovery. During Phase 2 field-
work, 23 geological samples were submitted for radiocarbon dating to help construct the geochronological 
model. Select depositional contexts were chosen for dating based on the presence of charcoal at stratigraphic 
boundaries or within specific strata. 

Once Phase 2 fieldwork was complete, the project team focused on which feature and stratigraphic 
contexts would be most meaningful for dating. Several factors were used to determine which features were 
selected for radiocarbon dating. One of the first priorities was dating architectural features (structures). 
Thirty-three of the 50 structures identified in the APE were radiocarbon dated. This obvious bias towards 
structures was intentional because structures can provide the most useful information toward understand-
ing the land use, cultural affinity, and domestic organization of a particular site (see Hall et al. 2011:51). 
Individual structures were chosen based on the presence or absence of carbonized material, as well as their 
level of preservation, artifact content, stratigraphic position, and spatial association with other structures 
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and extramural features. Structures that were not well preserved, contained few artifacts, and were not as-
sociated with other features were considered poor candidates for dating. Once the sample of structures was 
finalized, charcoal from the most appropriate context was submitted for dating. Structure contexts considered 
the most informative included, in descending order, subfeatures (postholes or intramural pits), floor contact, 
floor fill, and upper structure fill. 

Following structures, extramural features were the next most commonly dated context. Two main criteria 
were used to select extramural features for dating. The first criterion was the feature’s stratigraphic position. 
Because the stratigraphy of the APE was subtle and horizontally complicated, numerous dates were required 
to date the stratigraphy. Dating features within strata or at stratigraphic boundaries functioned as a proxy for 
obtaining depositional dates from the natural stratigraphy. The ubiquity of features in the APE allowed for 
this strategy of bracketing the natural stratigraphy via dating cultural features. Following the geomorpho-
logical analysis of the project area, features were assigned to a stratigraphic unit. In some cases, a pair of 
spatially associated features was identified that existed at important stratigraphic boundaries. Table 9 shows 
a list of 12 extramural pit features that were radiocarbon dated based on their stratigraphic position. For in-
stance, Features 15096 and 15142 were located in MSU 15070 approximately 20 m apart (see Appendix A, 
Volume 1). Feature 15096 was pedestalled during mechanical stripping, meaning the feature was identi-
fied, marked by the archaeological monitor, and the sediments surrounding the feature were mechanically 
excavated deeper to search for additional features. Approximately 20 m away, Feature 15142 was identified 
stratigraphically lower relative to Feature 15096. Feature 15096 was located at the surface of Unit IIs/sf, 
and Feature 15142 was located at the surface of Unit II. Both Features 15096 and 15142 contained ample 
charred plant material so charcoal samples from both features were submitted for radiocarbon dating. The 
rest of the features listed in Table 10 follows the same logic. In general, the resulting 2σ calibrated dates con-
firm the relative stratigraphic position (i.e., stratigraphically lower features were older than stratigraphically 
higher features). The second criterion used to select an extramural feature for dating was the content of the 
feature. Table 10 shows 10 features that were specifically chosen to be radiocarbon dated because of their 
content. For example, Features 1523, 14702, 14755, 15173, and 17908 all contained diagnostic projectile 
points. Features 4626, 10514, and 15482 contained ceramic artifacts, one of which was a possible incipient 
plainware sherd (see Chapter 5, this volume). 

Overall, the selection of radiocarbon samples for analysis was predicated on the best-available carbon-
ized material and the most-meaningful contexts. Owing to the difficulty of correlating alluvial-fan deposits 
across space, the fundamental goal of the radiocarbon analysis was to help build the geochronologic model. 
In other words, interpreting and dating the natural stratigraphy was of paramount importance. Once the 
chronology and sequence of deposition was known within the APE, all features could be assigned a calen-
dar date based upon each feature’s assigned stratigraphic unit. As a result, 120 radiocarbon dates allowed 
for the temporal assignment of over 3,400 features. Because of lateral variability of the geologic column, 
however, some dates were more meaningful than others.

OxCal Modeling

The geochronology framework was used to identify periods of occupation at the site and to place temporal 
constraints on these occupational episodes. To do this, a site chronology model was constructed in the anal-
ysis program OxCal 4.2 (Bronk Ramsey 2009), using the site stratigraphy to order and group radiocarbon-
dated features into stratigraphically coeval groups, or phases. Thus, radiocarbon dates from features with 
similar stratigraphic unit assignments were grouped together in a phase, and the phases were ordered ac-
cording to the geostratigraphy at the site. In many cases, the features grouped within a phase had similar but 
not identical stratigraphic unit assignments, but all phases followed the basic rule that constituent features 
could not be from temporally separated stratigraphic units. For instance, a feature that was coeval with the 
deposition of Unit IIA could be grouped with a similarly aged feature located in the unconformity between 
Units I and III, but it could not be grouped with a similarly aged feature that was identified as originating at 
the Unit IIA surface. The geostratigraphy was then used to structure the associated phases into a sequential 
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framework, such that sets of clearly stratified phases, such as those associated with Stratigraphic Units IIA 
and IIs/sf, were ordered sequentially, while sets of phases associated with more-ambiguous units, such as 
the relationship between Units IIs/sf and III, were allowed to overlap. Furthermore, in the case of the phase 
associated with Unit IIA, there was sufficient temporal patterning between the features located in Area A 
and in Area B that the phase was modeled as two overlapping occupational episodes focused on the respec-
tive areas (i.e., Episode 2A in Area A and Episode 2B in Area B). 

OxCal then used the constraints introduced by this structure to calculate the modeled posterior density 
estimate of each feature’s calendar age and to assess the integrity of the overall model. In many cases, these 
constraints resulted in more-refined age estimates by requiring one set of features to be older (or younger) 
than another, thus truncating the probability distributions of the unmodeled calibrated radiocarbon dates. The 
program checks the validity of the posterior density estimates by comparing them to the unmodeled distri-
butions and calculating the percent overlap, or agreement, between the two. A threshold value of 60 percent 
(analogous to the 0.05 significance level in a chi-square [χ2] test) is used to determine whether the agreement 
between the unmodeled and posterior distributions is acceptable; values that fall below 60 percent indicate a 
problem with the radiocarbon result, the inferences used to place it within the model, or both. Perfect agree-
ment between the unmodeled and posterior distributions will result in an agreement index of 100 percent; this 
indicates that the model enacted no change on the unmodeled probability distribution. Agreement indexes 
greater than 100 percent indicate that the posterior density estimate is fully encapsulated by the probability 
distribution, resulting in a more precise modeled date range (i.e., the unmodeled date has been truncated on 
both ends). Indexes less than 100 percent indicate that the posterior density estimate overlaps with a portion 
of the unmodeled probability distribution and extends beyond the limit of the unmodeled distribution. The 
age of each phase, or episode, identified in the model was defined by the oldest and youngest date of the 
posterior age estimates of the associated features. 

Several sets of spatially and temporally clustered features were noted within the broader occupational 
episodes, and these were interpreted as representing discrete occupational events within the site history. In 
terms of real time, these may or may not represent sets of features that were used at the same time, but they 
were considered to be coeval within the resolution of the radiocarbon timescale. The statistical integrity of 
these groups was assessed in OxCal through a χ2 test of the calibrated probability distributions (Ward and 
Wilson’s Case 2, Ward and Wilson 1978), and a combined probability distribution was calculated for each 
group that passed the test by multiplying the constituent sample probability distributions together. This pro-
duced a combined calendar age for the associated event and the constituent features. 

Results

This section presents the results of the geoarchaeological and chronological study of the Luke Solar project. 
Initially, each stratigraphic unit is presented beginning with the oldest and continuing in chronological order. 
The age, soil and lithological characteristics, depositional environment, and physical and chemical attributes 
of each unit are fully described. This is followed by examples of specific stratigraphic sections with a focus 
on feature-stratum relationships in the spatially and temporally clustered occupational episodes identified 
in OxCal. Finally, the results of the OxCal model are presented, starting with the modeled geochronology 
followed by the presentation of temporally clustered occupational episodes identified in the model. All ra-
diocarbon dates presented in this chapter are uncalibrated unless otherwise indicated.

The application of large volumes of saline well water (presumably contaminated with salt from the 
Luke Salt Body) during dust-control operations has impacted soil pH and EC values. Fortunately, soil pH 
was also tested in the field using a portable test kit prior to the application of the highly alkaline well wa-
ter. These values are presented along with the laboratory pH levels for some of the profiles. The EC values 
for Trench (TR) 9067 probably do not represent natural levels, because large volumes of dust-control water 
were applied to this area, so the results for TR 9067 have been discarded from the study. 
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Litchfield Ranch (LR) Formation

The LR Formation was a stratified sequence of late Pleistocene alluvial fan sediments capped with a mod-
erately developed paleosol. The formation was typically encountered at depths exceeding 1 m below the 
modern surface. The basic soil-morphological properties of the paleosol included Stage II to II+ pedogenic 
carbonates (few to common soft masses or nodules); dark brown (7.5YR 3/4 moist) surface horizon to strong 
brown (7.5YR 4/6 moist) Bky or Btky horizons; few to common discontinuous clay films on ped surfaces 
and along pores; faint to distinct yellowish red (5YR 4/6–5/6 moist) Fe3+ concentrations; and in most in-
stances, few fine to medium gypsum concentrations (Appendix 2.3). In the central and northern portions of 
the project area, these soil horizons were developed in normally graded (that is, fining upwards) medial to 
distal (middle fan to fan toe) alluvial-fan sediments characterized by broad shallow channels infilled with 
loamy sand to sandy loams. These coarser sediments graded up to silt loam or silty clay loam sheet-flood 
deposits. In the southern part of the project area, the normally graded sequence was interrupted by 10–15-cm-
thick carbonate and/or dark silt loam lenses. In all locations, the broad shallow channels at the base of the 
LR Formation cut into a well-developed paleosol characterized by Stage III+ to IV pedogenic carbonates. 
This relict middle Pleistocene soil was much older than cultural deposits in the project area and was there-
fore not described in detail. 

Particle-size analysis of the LR Formation indicated sand contents graded from 80 percent at the base 
to 27 percent at the surface in Trench 9066. However, in Trench 9067 sand content decreased with depth 
from 20 to 11 percent (Figures 14 and 15). Silt content decreased with depth in the formation from 71 per-
cent near the surface to 11 percent at the base in Trench 9066. Although silt content increased with depth in 
Trench 9067 (see Figures 14 and 15), in most locations, the formation was normally graded based on field 
textures. Clay content was low throughout the formation (1.3–5.4 percent). The EC in TR  9066 ranged 
from less than 0.6 dS/m (deciSiemens per meter) at the base of the trench to a maximum of 6.8 dS/m in the 
calcium carbonate/gypsum lens from 160–170 cm below surface (cmbs). Soil pH ranged from 8.4 to 9.4 
in TR  9066, 8.45 to 8.90 in TR  9067, and 8.6 to 8.8 in TR  4211 (see Figures 14 and 15). The maximum 
CaCO

3
 content of the LR Formation varied from 7.5 percent in TR  9066 to 15.0 percent in TR  4211 (see 

Figure 14). Mehlich-3 extractable P was low in all analyzed samples (16–34 ppm) and SOM ranged from 
0.3 to 3.6 percent. 

Stable C analysis of SOM in the LR Formation produced values from -24.30‰ within the carbonate/
gypsum lens in TR  9066 to -16.97‰ in TR  9067 (Figure 15; see Figure 14). The average of all LR For-
mation samples was -19.88‰, the most negative of all geologic units analyzed. The δ13C values differed 
significantly between depositional settings, with channels having more-negative values compared to the 
sheet-flood fan deposits. 

A single radiocarbon date from SOM in the LR Formation yielded an uncalibrated age of 15,150 ± 70 
14C yr b.p. (16,680–16,080 cal b.c.) (see Table 8). This date was obtained from a dark-colored silt loam lens 
in TR  9066 (Figure 16). The silt lens was superimposed by a 10-cm-thick silt loam deposit moderately ce-
mented with CaCO

3 
and gypsum. The pH and CaCO

3
 content suggest it was primarily cemented with gyp-

sum. Soil development in the LR Formation was consistent with this radiocarbon date and with other soils 
that date to the late Pleistocene in the arid Southwest (Birkeland 1999; Gile et al. 1981; Machette 1985). 
Although numerous trenches exposed the LR Formation, no archaeological features or artifacts were iden-
tified in association with this deposit. 

Unit I

Unit I was encountered below Units II, III1, III2, or IIs/sf in the central, southwest, south, and northeast 
portions of Falcon Landing (see Figure 16). Although the pedogenic features of Unit I varied depending 
on the age and thickness of the overlying strata, the morphology of Unit I Bk horizons was generally char-
acterized by Stage I pedogenic carbonates (few to common filaments and threads), strong brown to brown 
(7.5YR 5/6–4/4 moist) soil colors, and moderate to strong subangular blocky structure. Where the unit was 
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Figure 14. Particle size, organic carbon, calcium carbonate content, available P, pH, electrical conductivity and δ13C values of Trench 9066.

Figure 15. Particle size, organic carbon, calcium carbonate content, available P, pH, electrical conductivity and δ13C values of Trench 9067.
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Figure 16. Geologic map of pre-stripped surface (minus Unit V) showing profile locations mentioned in text.
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not deeply buried by younger deposits, an overlying ABk soil horizon with slightly darker soil colors was 
documented. The base of Unit I commonly contained higher-energy sandy loams with fine to medium sub-
round and subangular gravels or in some instances a 10–15-cm-thick sand lens capping a thin gravel deposit. 
Silt loam sheet-flood deposits commonly formed the upper part of the unit. The base of Unit I in some areas 
formed a distinct erosional unconformity where shallow channels were cut into the LR Formation. Unit I 
primarily represents alluvial-fan deposition in a distributary flow setting. 

Particle-size analysis of Unit I indicated silt was the dominant particle size in the middle to upper por-
tions of the unit. In some instances, silt contents approached 80 percent (TR  9067). Sand, along with the 
fine to coarse gravel, increased near the base of the unit. Clay contents ranged from less than 2 percent in 
Profile 20378 to 8.6 percent in TR  9067. Soil pH varied from 8.4 to 9.1 and EC from 5.81 to 7.06 dS/m 
(Table 11). The maximum CaCO

3
 content in Unit I Bk and ABkb horizons ranged from 2.1 to 8.3 percent. 

The highest SOM (2.2 percent) occurred in an ABkb horizon in TR  9067. SOM was low, less than 1.5 per-
cent, for all other horizons. Mehlich-3 extractable P was generally low, although a moderate increase was 
detected near the surface of the ABkb horizon in TR  9067 (see Table 11). The δ13C values of SOM in Unit I 
ranged from -15.60 in TR  4211 to -23.05 at the base of a Unit I channel in Profile 20378 (Figure 17). Simi-
lar to the LR Formation, δ13C values were more-negative in channels compared to sheet-flood depositional 
settings. The average δ13C value for all analyzed Unit I sediments was -18.85‰ (see Table 11). 

Six radiocarbon dates from detrital charcoal provided depositional dates for Unit I. Four dates from near 
the base of the unit returned ages of 7950 ± 30, 7945 ± 30, 7740 ± 30, and 7695 ± 30 14C yr b.p. (see Table 8) 

Figure 17. Particle size and δ13C values of soil organic matter from Profile 20378.
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Charcoal from the upper part of the unit returned uncalibrated ages of 7060 ± 20 and 7295 ± 25 14C yr b.p. 
A single cultural feature (Feature 10307) associated with a Unit I channel returned the uncalibrated age of 
7950 ± 30 14C yr b.p. (see Table 8). The OxCal-modeled age range for Unit I is 7040–5320 cal b.c. Although 
a number of features intruded into the surface of Unit I, Feature 10307 was the only feature identified that 
was coeval with Unit I deposition. 

Unit II

Similar to Unit I, Unit II represents alluvial-fan deposition in a distributary flow environment; however, Unit II 
deposits were more channelized, which suggests a more-proximal fan setting. The soil developed in Unit II 
was typically described as a Bk horizon with few Stage I pedogenic carbonates, dark yellowish brown (10YR 
4/4 moist) soil colors, and moderate subangular blocky structure. In some instances, thick Unit II deposits 
were separated into an upper silt loam Bk horizon and a lower loam to sandy loam BCk or C soil horizon. 
Unit II was most extensively mapped in the central and northern portions of the project area (see Figure 16). 

Particle-size analysis and texture (estimated by the ribbon method in the field) indicated that Unit II graded 
from a sandy loam with 70–80 percent sand at its base up to a silt loam with over 80 percent silt near the top 
of the unit. Clay content was below 10 percent throughout Unit II (see Table 11). Soil pH recorded colori-
metrically in the field ranged from 8.2 to 9.0, but lab analysis indicated a pH of 9.3 in TR  9067 (see Table 11). 
SOM measured 0.9 percent. Mehlich-3 extractable P was 63 ppm and the CaCO

3 
content was 2.5 percent. 

Five radiocarbon dates from detrital charcoal confine the deposition of Unit II to a brief period between 
4335 ± 20 and 4115 ± 15 14C yr b.p. The OxCal-modeled age range is 2970–2730 cal yr b.c. Several cul-
tural features were identified at the boundary between Unit II and IIA, but very few were deeply buried in 
Unit II deposits (Figure 18). 

Figure 18. Profile 20378.
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Unit IIA

Unit IIA was a darker-colored dark brown to dark yellowish brown (10YR 3/3–3/4 moist) silt loam sheet 
flood deposit up to 50 cm in total thickness. Soil development in the unit has resulted in the formation of an 
ABk horizon. Soil morphological characteristics included Stage I or Stage I- pedogenic carbonates, moder-
ate to strong subangular blocky structure, and moderate levels (1–5 percent of total horizon) of bioturbation 
via insect burrowing (termites). Closely spaced particle-size analysis and the presence of cultural features 
at the contact between Units II and IIA indicated these were two distinct depositional units separated by a 
brief unconformity (see Figure 18). The length of time represented by the unconformity varied slightly be-
tween sampling locations. 

Particle-size analysis revealed a slight increase in sand and a decrease in silt and clay at the base of Unit IIA. 
Conversely, the upper part of the unit displayed a slight increase in silt and a decrease in sand (see Figure 17; 
Table 11). Clay content ranged from 4.1 to 7.1 percent throughout the unit. Soil pH varied from 8.8 to 9.2. SOM 
content ranged from 1.1 to 1.4 percent, and the maximum CaCO

3
 content was 3.3 percent. Mehlich-3 extract-

able P ranged from 47 to 66 ppm (see Table 11). Stable C analysis of SOM in Units II and IIA produced values 
that ranged from -17.96 to -23.54, both in Profile 20378 (see Figure 17). The average δ13C value for all ana-
lyzed Unit II and IIA deposits was -19.84, an approximate 1‰ decrease from Unit I (see Figure 17; Table 11). 

Although the exact age of Unit IIA varied slightly by location, eight radiocarbon dates from detrital 
charcoal and intrusive cultural features across Falcon Landing confine the deposition of Unit IIA between 
4190 ± 20 and 3985 ± 20 14C yr b.p. (see Table 8). The OxCal-modeled age range for the unit is 2810–
2420 cal yr b.c. The 80-year overlap that exists between upper II and lower IIA deposits is likely related to 
errors inherent to radiocarbon dating (e.g., old wood, postdepositional mixing, recycled charcoal, etc.) and 
the relatively brief period of time represented by the deposition of Units II and IIA (less than 350 years). 
The up-fan migration of the Unit IIA alluvial-fan reach might also account for some of the overlap as the 
down-fan Unit II surface was buried slightly before the up-fan Unit II deposits. 

Unit IIs/sf

Unit IIs/sf represents alluvial-fan swale/channel(s) fills and sheet-flood deposits (sf). Unit IIs/sf deposits were 
the result of secondary fan processes that began immediately after the deposition of Units II and IIA. This 
included localized infilling of swales and deposition along an organized drainage network (see Figure 16). 
In the shallow swales that characterized the northern portion of Falcon Landing, the unit was commonly less 
than 50 cm thick. However, Unit IIs/sf deposits in deep swales and channels in the central and east-central 
portions of the site exceeded 1 m in thickness. Unit IIs/sf deposits included upper swale fills and prevalent 
sheet-flood deposits in the central portion of Falcon Landing where they mantled Unit II and IIA deposits. 
Upper and lower Unit IIs/sf deposits were combined because the unconformity separating them was diffi-
cult to identify and correlate across the site. Soil morphological characteristics included weakly developed 
dark yellowish brown (10YR 4/6 moist) Bw horizons with no visible carbonates and moderate subangular 
blocky structure. In some locations, Unit IIs/sf contained an over-thickened dark yellowish brown (10YR 
3/4 moist) A horizon. The application of 1N HCl indicated the presence of finely disseminated carbonates 
in both the A and Bw horizons. Intact bedding features in the form of fine laminations were typically visible 
at the base of swales. When present, gravels were subrounded and less than 5 mm in diameter (fine gravels). 
Total gravel content throughout the unit was less than 1 percent by volume, but gravel content and size in-
creased at the base of the Unit IIs/sf sheet-flood deposits. 

Particle-size analysis of Unit IIs/sf indicated shallow swales were not graded and were infilled with silt 
loams (32–33 percent sand, 62–64 percent silt, and 4–5 percent clay) (see Table 11). Field textures indicated 
Unit IIs/sf sheet-flood and channel deposits were normally graded with sandy loams at the base grading up 
to silt loams. Soil pH varied from 8.9 to 9.7 and EC from 1.0 to 4.75 dS/m. Mehlich-3 extractable P was 
low in the Bw horizons (55–57 ppm) but increased moderately in the A horizons (63–88 ppm). SOM ranged 
from 1.0 to 1.4 in the Bw horizons and from 1.2 to 1.4 percent in the A horizons. CaCO

3
 content varied from 
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1.0 to 4.6 percent (see Table 11). The δ13C values of SOM from Unit IIs/sf deposits ranged from -17.12 to 
-20.91‰ with an average of -18.47‰ (see Table 11).

Four radiocarbon dates from detrital charcoal constrain the deposition of the lower Unit IIs/sf fills be-
tween 3940 ± 20 and 3670 ± 20 14C yr b.p. (see Table 8). Cultural features stratified in the upper part of 
the unit indicate the upper portion was deposited between 3005 ± 20 and 2805 ± 25 14C yr b.p. These dates 
suggest a hiatus from 3670 to 3010 14C yr b.p. The OxCal-modeled age range for Unit IIs/sf as a whole is 
2570–790 cal b.c. Upper IIs/sf deposits were similar in age to Unit III1.

Unit III1

Unit III1 was deposited along a discontinuous ephemeral channel network that flowed south from the south-
central portion of Falcon Landing into Site 68 (see Figure 16). Along the incised master channel, the unit 
was approximately 90–100 cm thick. Along the alluvial-fan reach at Site 68 the total thickness varied con-
siderably in a bar-and-swale distributary flow setting. Soil morphological characteristics of Unit III1 depos-
its included few Stage I pedogenic carbonates (few fine filaments or threads along root channels), brown 
to strong brown (7.5YR 4/6–4/4 moist) soil colors, and moderately developed subangular blocky structure. 

Particle-size analysis revealed a normally graded sequence of fine sandy loam at the base (52 percent 
sand, 45 percent silt) grading up to a silt loam (23 percent sand, 73 percent silt) in the middle and upper parts 
of the unit (see Table 11). Clay contents ranged from 2.9 percent at the base to 5.7 percent near the top of 
the unit. Soil pH ranged from 8.1 to 8.8 and EC from 0.5 to 17.5 dS/m. Mehlich-3 extractable P varied from 
32 ppm in the sandy loam Bk horizons to 65 ppm in the A horizons. SOM followed a similar trend with a 
low of 0.6 percent in the Bk horizons and a high of 1.5 percent in the A horizons. CaCO

3
 content ranged 

from 1.7 to 3.3 percent. The δ 13C values of SOM from the Unit III1 alluvial-fan reach ranged from -17.55 
to -20.73‰ with an average of -19.30‰ (see Table 11). A single sample from upper Unit III1 deposits along 
the master channel reach yielded a value of -21.31‰. 

Six radiocarbon dates, two from detrital charcoal and four from stratified features, bracket Unit III1 de-
position between 3005 ± 25 and 2835 ± 15 14C yr b.p. (see Table 8). The first depositional date comes from 
the incised channel network in the south-central portion of Falcon Landing. Here, detrital charcoal from 
upper channel fills dated to 2985 ± 20 14C yr b.p. Charcoal recovered from the lower Unit III1 deposits in 
the alluvial-fan reach yielded an uncalibrated age of 2950 ± 20 14C yr b.p. A date from a cultural feature 
(Feature 4370) near the base of Unit III1 at Falcon Landing returned a radiocarbon age 3005 ± 25 14C yr b.p. 
(see Table 8) indicating deposition of the unit by this time. Two cultural features near the top of the unit 
yielded uncalibrated ages of 2835 ± 15 14C yr b.p. (Features 4343 and 4287). The OxCal-modeled age range 
for Unit III1 is 1380–920 cal yr b.c.; Unit III1 was coeval with the upper Unit IIs/sf fills in the central and 
northern portions of Falcon Landing. 

Units III2 and III2cf

Unit III2 was a widespread master channel–alluvial-fan deposit in the southeastern portion of Falcon Landing 
(see Figure 16). Unit III2cf represented smaller alluvial-fan reaches in the north-central and southwestern 
portions of Falcon Landing. Unit III2cf master channel and headcut tributary reaches could not be traced 
in trenches and were not visible in aerial imagery. Typically, Unit III2 alluvial-fan-reach deposits were less 
than 50 cm thick. The unit attained a maximum thickness of 75 cm in a distributary flow channel near the 
fan head in TR  9066 (see Figure 16). Unit III2cf alluvial-fan-reach deposits ranged in total thickness from 
20 to 80 cm. Soil formation in both units was restricted to weakly developed Bw horizons with no visible 
pedogenic carbonates and weak to moderate subangular blocky structure. 

Particle-size analysis indicated most of the Unit III2 deposits were silt loams; however, sand content 
was generally higher throughout the unit compared to Unit III1 with the exception of a III1 channel deposit 
in TR  14. (see Table 11). In TR  9066, the maximum sand content was 53.3 percent (80–90 cmbs) and the 
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maximum silt content was 60.7 percent (90–100 cmbs). Clay content ranged from 2.6 to 3.8 percent. Soil 
pH varied from 8.9 to 9.6 and EC from 3.15 to 5.80 dS/m (see Table 11). SOM content remained below 
1.0 percent with a range of 0.6–0.9 percent. The maximum CaCO

3
 content was 2.5 percent in the upper Bw 

horizon in TR  9066 (see Figure 14). Chemical and physical soil data were not obtained from Unit III2cf; 
however, particle size determined in the field was very similar to Unit III2. The δ13C values for Unit III2 
from near the fan head in TR  9066 averaged -18.96‰ with a range of -16.63 to -19.58‰ (see Table 11).

Three Unit III2 detrital charcoal samples yielded uncalibrated ages of 2230 ± 20, 2410 ± 20, and 2380 ± 25 
14C yr b.p. (see Table 8).The OxCal-modeled age range for Unit III2 deposition is 720–200 cal b.c. Detrital 
charcoal from the Unit III2cf alluvial-fan reach in the north-central part of Falcon Landing dated to 1915 ± 35 
to 1840 ± 40 14C yr b.p. (see Table 9). In the southwestern portion of Falcon Landing, Unit III2cf was con-
strained to less than 1930 ± 25 14C yr b.p. The OxCal-modeled age for Unit III2cf is 160 cal b.c.–cal a.d. 340. 

Unit IV

Unit IV was a thin sheet-flood deposit (typically less than 40 cm thick) located primarily along the eastern 
quarter of the project area (see Figure 16). Soil morphology of this unit was characterized by a dark yel-
lowish brown (10YR 3/4 moist) AC soil horizon with incipient soil structure over a massive dark yellowish 
brown (10YR 4/4 moist) C horizon. Both the AC and C horizons retained some original bedding features. 
The application of 1N HCl indicated the presence of finely disseminated carbonates. 

Particle-size analysis indicated Unit IV was a silt loam with 33–39 percent sand, 58–67 percent silt, and 
3.2–4.9 percent clay (see Table 11). Soil pH ranged from 8.45 to 9.05 and EC from 0.11 to 2.4 dS/m. SOM 
varied from 1.3 percent in the AC horizons to 0.7 percent in the underlying C horizons. The CaCO

3
 content 

was highest in the upper AC horizons where it ranged from 1.7 to 3.3 percent. Mehlich-3 extractable P was 
low in the AC horizons (50–69 ppm), but elevated levels were detected in the C horizons (126–138 ppm). The 
δ13C values of SOM in Unit IV ranged from -18.46 to -21.33‰, with an average of -19.46‰ (see Table 11).

Four radiocarbon dates constrain the age of Unit IV deposition. A cultural feature (Feature 19067) very 
near the base of Unit IV returned an uncalibrated age of 1400 ± 20 14C yr b.p. (see Table 8). A single detrital 
charcoal date from the middle of the unit yielded an age of 1300 ± 20 14C yr b.p. The earliest cultural features 
intruding into the surface of the unit dated to 975 ± 25 and 970 ± 25 14C yr b.p. (Features 11072 and 14655, 
respectively). These dates bracket the timing of deposition between 1400 ± 20 and 1000 ± 20 14C yr b.p. The 
OxCal-modeled age range for Unit IV is cal a.d. 610–1220. 

Unit V

Unit V was a ubiquitous silt loam sheet-flood deposit directly below the modern ground surface across most 
of the project area. Soil formation in the unit was nonexistent. The unit was typically composed of a single 
dark yellowish brown (10YR 4/4 moist) massive silt loam C horizon. Intact bedding features in the form 
of laminations were a common attribute. In most locations, Unit V was less than 10 cm thick. Low Unit V 
coppice dunes below the sparse vegetation across the project area indicated some reworking by wind. 

Particle-size analysis revealed Unit V was a silt loam with 27–37 percent sand, 59–68 percent silt, and 
3.5–5.1 percent clay. Soil pH ranged from 8.35 to 9.10 and a single EC measurement yielded 0.49 dS/m 
(see Table 11). SOM content varied from 1.1 to 1.2 percent and CaCO

3
 from 1.1 to 2.5 percent. Mehlich-3 

extractable P ranged from 59 to 88 ppm. Two Unit V samples yielded δ13C values of -21.01 and -21.68‰. 
A single radiocarbon date from a cultural feature capped by Unit V provided a maximum age for the unit. 

This feature (Feature 2630) returned an uncalibrated age of 270 ± 20 14C yr b.p. (cal a.d. 1520–1800) (see Ta-
ble 8). Because only one radiocarbon date constrains the age of Unit V, it was not included in the OxCal model. 
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Falcon Landing Grid H5, Geologic Cross Section 1

In the north-central portion of Falcon Landing, a small isolated channel fan contained stratified Red Moun-
tain phase components in Unit III2cf and San Pedro phase occupations on the buried surface of Unit IIs/sf 
(Figures 19 and 20). The drainage feeding the Unit III2cf fan was obscured by younger deposits in aerial 
imagery, but it could be traced a short distance to the north on the mechanically stripped surface. The stra-
tigraphy of this area was complex because it contained Unit II and IIA fan-toe deposits, Unit IIs/sf swale 
fills, and a Unit III2cf alluvial fan. A swale centered on the eastern end of TR  2213 (Geo 2593) preserved 
a well-stratified sequence of these deposits (see Figure 19). 

Located on the buried Unit IIs/sf surface, a subfeature of Feature 18887 (structure) yielded an age of 
1120–1000 cal b.c. placing it in the San Pedro phase (see Figure 19, TR  2213; Table 8). Below Unit IIs/sf, 
detrital charcoal from Unit IIA dated to 2840–2490 cal b.c. These dates confined Unit IIs/sf between 2840–
2490 cal b.c and 1120–1000 cal b.c. at this location. San Pedro phase occupation on the Unit IIs/sf surface 
took place during the hiatus between Unit IIs/sf and III2cf deposition or approximately 1000–160 cal b.c. 

The Red Mountain phase occupations were associated with a Unit III2cf mid-fan to fan-toe environment 
dominated by low-energy sheet-flood deposits. Detrital charcoal recovered from a 1-by-1-m test pit exca-
vated into this unit yielded a basal age of cal a.d. 1–210 and an upper date of cal a.d. 70–250 (see Figure 19; 
Table 8). Three features preserved in the Unit III2cf deposit dated to 160 cal b.c.–cal a.d. 330 (Subfeature 
20285), cal a.d. 20–120 (Feature 14702), and 20 cal b.c.–cal a.d. 120 (Feature 2529) (see Figure 19; Table 8). 
This indicated most of Unit III2cf was deposited over a brief period of time in the Early Ceramic period. 

Falcon Landing Grids B4–5, Geologic Cross Section 2

In the southeast section of Falcon Landing, Unit III2 deposits blanketed the eroded surface of Unit I (see 
Figure 16). Occupations on the Unit I surface primarily dated to the early Chiricahua and Cienega phases, 
and those within and on the surface of Unit III2 dated to the Hohokam pre-Classic period. Unit III2 in 
this area was deposited along the fan toe of a north-south-trending Unit III1 and III2 drainage network 
(see Figure 16). These drainages formed a broad alluvial-fan reach in the south and southeast and an in-
cised channel network in the central part of Falcon Landing. The drainages likely extended to the north, 
but twentieth-century landscape disturbance has masked their presence outside of the project boundaries 
(see Figure 16). 

Unit III2 deposits were marked by a lack of pedogenic carbonates and a weakly to moderately developed 
Bw soil horizon. These horizons stand in marked contrast to the Unit I Bk horizons characterized by Stage I 
secondary carbonates and a moderate level of rubification (that is, reddening of the soil profile caused by 
oxidation of iron). The stratigraphic boundary between Units I and III2 was both wavy and abrupt, which 
indicates the surface of Unit I was eroded prior to burial. Several shallow rills and gullies were documented 
on the Unit I surface in the southeastern portion of Falcon Landing, which is not surprising given that the 
Unit I surface was exposed for nearly 5,000 years (a Unit I/III2 hiatus) at the surface. 

A radiocarbon date obtained from detrital charcoal near the base of Unit III2 returned a calibrated 
age of 390–200 cal b.c. (see Table 8). This corresponds with buried Cienega phase features that dated to 
770–540 cal b.c. on the Unit I surface. An upper depositional age for Unit III2 was not obtained in the area, 
but the oldest dated features intruding into the surface of Unit III2 date to the pre-Classic (Feature 1290) 
(Figure 21). This confines the age of Unit III2 in this area between approximately 390–200 cal b.c. and 
cal a.d. 640–670. Soil development, however, indicates that Unit III2 deposition ended a significant time 
prior to this. 
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Figure 19. Geologic Cross Section 1, San Pedro and Red Mountain phase occupations, Falcon 
Landing (Grid H5).
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Falcon Landing and Site 68 Grids D2–E2–C2, Geologic Cross Sections 3 and 4

In south-central Falcon Landing, early Chiricahua and San Pedro phase occupations were associated with 
the surface of Unit I and interstratified within the master channel reach of Unit III1, respectively (see Fig-
ures 16 and 20). The master channel flowed to the south until reaching an intersection point in the southern 
project area (Site 68) where it began to spread out laterally to form a small alluvial fan. Along the master 
channel reach, the Unit III1 channels were incised into a Unit I surface containing a number of early Chir-
icahua phase features. Some Middle Archaic (and possibly Early Archaic) features were probably truncated 
or completely removed during the formation of these channels. 

Detrital charcoal from mid to upper Unit III1 deposits along the incised-channel reach yielded a cali-
brated age of 1310–1120 cal b.c., and several San Pedro phase features interstratified in Unit III1 master 
channel deposits dated between 1130–1000 and 1010–920 cal b.c. (Figure 22; see Table 8). These dates in-
dicate incision of the Unit III1 channel likely occurred around or just prior to 1200–1100 cal b.c. Age-depth 
relationships of San Pedro phase features in the Unit III1 channel fills further suggest that channels were 
largely filled in with alluvium by 920 cal b.c. early Chiricahua phase features intruding into the surface of 
Unit I and buried by Unit III1 dated to 3340–3090, 3020–2890, and 2890–2690 cal b.c. (see Figure 22). 
Most of the features were shallowly buried by Unit III1 near-channel (overbank) alluvium. Very few Middle 
Archaic features were identified below Unit III1 channels (see Figure 22). 

To the south in the alluvial-fan reach (Site 68), charcoal recovered from near the base of a Unit III1 fan 
head–mid-fan channel dated to 1270–1050 cal b.c. The base of this channel was moderately cemented by 
groundwater carbonates. All of the dated features intruding into the surface of Unit III1 in the alluvial-fan 
reach (Site 68) dated to the pre-Classic period (Figure 23). Dates from the alluvial-fan and master channel 
reach of Unit III1 indicate this ephemeral fan drainage was active for less than 450 years during the San 
Pedro phase. 

Figure 21. Geologic Cross Section 2, early Chiricahua and Cienega phase, and Hohokam pre-
Classic period occupations in the southern portion of Falcon landing (Grid B4–B5).
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Figure 22. Geologic Cross Sections 3 and 4, early Chiricahua and San Pedro phase occupations 
in south-central Falcon Landing (Grids D2–E2–C2).
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Figure 23. Geologic Cross Section 5, Unit III1 
alluvial-fan reach, Site 68 (Grid A1).

Figure 24. Geologic Cross Section 6, early Chiricahua phase occupation in 
north-central Falcon Landing (Grid I5).
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Falcon Landing Grid I5, Geologic Cross Section 6

In the north-central portion of Falcon Landing, early Chiricahua phase occupations occurred in tandem with 
Unit IIA mid-fan to fan-toe sheet-flood deposition (see Figures 16 and 20). The Middle Archaic features 
were associated with either a fluvially reworked charcoal/ash lens or the surface of Unit IIA (Figures 24 and 
25). Those features on the surface of Unit IIA were shallowly buried (25–30 cm) by Unit IV and V deposits. 

Initial occupation during the early Chiricahua phase began around 2850–2490 cal b.c. (Feature 18468) 
in tandem with Unit IIA deposition (see Figure 24; Table 8). Many of the early Chiricahua features in this 
area originated within a conspicuous fluvially reworked charcoal/ash lens that could be traced across the 
north-central portion of Falcon Landing. Charcoal recovered from the Unit IIA lens yielded a calibrated 
age of 2840–2490 cal b.c., and several features originating within the lens dated to 2850–2490 and 2570–
2460 cal b.c. (see Figures 24 and 25; Table 8). Finally, two features originating at the surface of IIA yielded 
the same calibrated age of 2560–2460 cal b.c. (Features 2602 and 2605), thus providing a minimum age for 
the unit (see Figure 24). Unit II and IIA deposition was not channelized and appears to represent unconfined 
overland flow (sheetflooding) at the lower mid-fan or fan toe. 

Units IV and V were not directly dated at this location, but the degree of soil formation coupled with 
their stratigraphic position provided a way to correlate them with dated deposits nearby. The hiatus between 
the deposition of Units IIA and IV at this location represents a period of approximately 3,000 years. Con-
versely, Unit IIA fan deposition took place over a brief period between 2970–2890 and 2560–2460 cal b.c. 
(approximately 400 years) at this location (see Figure 24). Those features coeval with Unit IIA deposition were 
buried very quickly while those on the surface were exposed to more-intense bioturbation processes acting 
over millennia. Additionally, based on relative dating, any features intruding into the surface of Unit IIA at 
the Unit IIA/IV hiatus could date anytime between 2420 cal b.c. to cal a.d. 610 (Middle Archaic to Pioneer). 

Figure 25. Profile drawing of Trench 2216.
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Falcon Landing Grids J3–J4, Geologic Cross Sections 7 and 8

The early Chiricahua phase occupations in the northwestern part of Falcon Landing were stratigraphically 
similar to those in Grid I5 (see Figures 20 and 24). Detrital charcoal recovered from Unit II dated to 2900–
2760 cal b.c. and stratified cultural features in Unit IIA returned calibrated ages similar to those from Grid 
I5 (2860–2580 cal b.c.) (Figure 26; see Table 8). Feature 2622, which originated at the surface of Unit IIA, 
returned a calibrated age of 2560–2460 cal b.c. (Figure 27; see Table 8). Also, similar to Grid I5, some of 
the Unit IIA (early Chiricahua phase) occupations had been fluvially reworked forming multiple thin dis-
continuous charcoal lenses. 

During Unit II and IIA deposition at this location, flow was more channelized, which indicates a mid-
fan to upper-fan depositional environment. The fan head was probably situated a short distance to the west-
northwest, somewhere in the vicinity of the modern flight line of the runway. A shallow Unit II channel 
incised into Unit I had a northwest-southeast trend with flow to the southeast. The Unit IIA deposits were 
thinly laminated silts and very fine sands, which indicates that during the early Chiricahua phase occupation 
this area was a shallow swale that conveyed lower-energy flow to the southeast. Most of the Middle Archaic 
period features were interstratified within these laminated deposits. 

East of Feature 10951, the San Pedro phase occupation on the Unit IIs/sf surface was subsequently buried 
by Unit IV (Figure 28). Detrital charcoal from Unit IIs/sf returned a calibrated age of 2140–1970 cal b.c., 
and two San Pedro phase structures intruding into the surface of Unit IIs/sf yielded ages of 1030–890 and 
840–800 cal b.c. (Features 2629 and 2627, respectively) (see Figure 28). To the southwest near the east-
ern end of TR 2218, Unit IIs/sf deposits were constrained between 2900–2760 and 970–830 cal b.c. These 
dates confine the filling of swales on the Unit II and/or IIA surface at this location between 2900–2760 and 

Figure 26. Geologic Cross Section 7, early Chiricahua phase occupation in northeastern 
Falcon Landing (Grid J3).
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1010–920 cal b.c. Unit IV was not directly dated here, but Feature 10514 intruded into the surface of Unit IV 
and returned a calibrated age of cal a.d. 1050–1220 (see Table 8). This date provided a minimum age for 
the end of Unit IV deposition at this location. 

Falcon Landing Grid F3, Geologic Cross Section 9

In the central part of Falcon Landing, early Chiricahua and San Pedro phase occupations were documented 
on the buried surface of Unit II, coeval with Unit IIs/sf, and on the surface of Unit IIs/sf deposits (see Fig-
ure 16). The early Chiricahua phase features were associated with the surface of Unit II, which was buried 
anywhere from 50–80 cm by Unit IIs/sf sheet-flood deposits (see Figure 28). San Pedro phase features were 
interstratified in the Unit IIs/sf deposits that covered much of this area, with most originating in the upper 
20 cm of the unit (Figure 29, see Figure 16). The Unit IIs/sf surface was either exposed on the modern sur-
face or capped by a thin Unit V sheet-flood deposit.

Early Chiricahua phase features originating at the boundary of Units II and IIs/sf were dated to 2880–
2630 (Feature 15142) and 2900–2670 cal b.c. (Feature 15457, not shown in cross section) (see Figure 29; 
Table 8). These dates provide a minimum age for Unit II and a maximum age for Unit IIs/sf at this location. 
Dates obtained from lower Unit IIs/sf deposits to the east, however, dated to 2470–2290 cal b.c. (Aeon Sam-
ple No. 1401, see Table 8). The surface of Unit II appears to have been minimally eroded during the initial 
Unit IIs/sf sheetflooding. 

Figure 28. Geologic Cross Section 8, San Pedro occupations in north-central 
Falcon Landing (Grid J4).
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San Pedro phase occupations at this location were dated between 1380–1130 and 1270–1050 cal b.c. (see 
Figure 29; Table 8). Immediately to the northwest of this cross section, San Pedro features originating at the 
surface of Unit IIs/sf yielded calibrated ages of 1050–920 cal b.c. (Feature 18028) and 1200–1000 cal b.c. 
(Feature 15482) (see Table 8). 

OxCal Modeling Results

A project-wide OxCal model was constructed using the geochronology and stratigraphic assignments of the 
dated features to order the radiocarbon dates into depositional units. The OxCal-modeling software used this 
structure to constrain the calibrated ages calculated for the radiocarbon dates by minimizing the temporal 
overlap between stratified dates (a sequence of dates separated by minimal radiocarbon years). Agreement 
indexes (equivalent to χ2 values) were then calculated for the overall model structure as well as individual 
dates and components of the model (Appendix 2.4). The model structure was fairly straightforward for Units I 
and IIA, but the lack of stratigraphic sequencing between Unit IIs/sf and Unit III (namely, the similarity in 
the dates between Unit IIs/sf and Unit III1) made it necessary to treat these two units as separate and poten-
tially coeval, or at least overlapping, sequences. Thus, the dates from Unit III did not provide an end date 
for Unit IIs/sf deposition. Rather, Unit IV provided the end date for both of these units. 

The OxCal model generally supported the geochronology model. Unit I deposition occurred between 
7040 and 5320 cal b.c., at a 95 percent confidence level. Unit II began accumulating by 2970 cal b.c., fol-
lowing a 2,350-year depositional hiatus. It is important to note that this date is related to the beginning of 

Figure 29. Geologic Cross Section 9, early Chiricahua and San Pedro occupations in 
central Falcon Landing (Grid F3).
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Unit II deposition, not to cultural activity at the site. There are a few slightly earlier radiocarbon dates that 
document human activity at the site in the 3300–3000 cal b.c. range, but these dates are related to features 
that intruded below the surface of Unit I in an area that was not overlain by Unit II and may be related to a 
period of surface stability prior to the start of Unit II deposition. The Unit IIA dates provide upper constraints 
on the age of Unit II, and the model calculated that the transition from Unit II to IIA occurred between 2850 
and 2730 cal b.c. This give a maximum age range for Unit II of 2970–2730 cal b.c. (Table 12). 

The upper age for Unit IIA is constrained by the overlying dates of Unit IIs/sf and Unit III. The transi-
tion from Unit IIA deposition to the Unit IIs/sf and/or Unit III depositional episodes occurred between 2540 
and 2400 cal b.c. This gives a maximum age range for Unit IIA of 2810–2420 cal b.c. and for Units II and 
IIA of 2970–2420 cal b.c. The timing of Unit IIs/sf deposition was slightly more difficult to identify. The 
lower part of this unit appears to have been deposited between 2470 and 1940 cal b.c., and it included one 
feature, Feature 14959 (2130–1940 cal b.c.). The bulk of the dates obtained for this unit came from coeval 
features that dated between 1380 and 910 cal b.c. A series of features identified as originating at the surface 
of the unit provides a minimum age date for the unit; these features date between 1200 and 790 cal b.c. The 
significant overlap in date ranges obtained for the upper part of the unit and the surface of the unit suggests 
that portions of the site stabilized earlier than others during this depositional period. 

Unit III1 and III2 dates were more difficult to determine because depositional dates were not obtained 
from areas where these two units were stratified at a single location. However, Unit III1 appears to have 
formed between 1380 and 920 cal b.c., and Unit III2 appears to have formed between 720 and 200 cal b.c. 
Finally, Unit III2cf represents an even later period of deposition during the Unit III time period. This unit 
was dated by two depositional dates and four coeval features, for a date range of 160 cal b.c.–cal a.d. 340. 
Over all, Unit III deposits date between 1380 cal b.c. and cal a.d. 340. 

Finally, the dates obtained for Unit IV indicate that it was formed between cal a.d. 610 and 1220. Only 
one of the dates related to this unit was derived from detrital charcoal, with the rest obtained from features 
coeval with unit deposition or intrusive to the unit surface.

Occupational Episodes

The geochronology framework developed above was used to structure and order the features into potentially 
coeval groups (Table 13; see Figure 20). Group membership was based in part on the rule that features be-
longing to temporally separated stratigraphic units could not belong to the same occupational episode, despite 
statistical similarity in radiocarbon age. Thus, occupational episodes identified at the site greatly mirror the 
geochronology in that episodes tend to break by stratigraphic unit. Features from stratigraphic unconformi-
ties were placed within episodes and aligned with the geochronology framework by their radiocarbon date, 
which again ensured that their stratigraphic location did not violate the overall framework (e.g., a feature 
from a Unit I/III1 unconformity could not be placed in an episode aligned with Unit III2 or later). In addition 

Table 12. OxCal-Modeled Geochronology 
Results

Stratigraphic Unit OxCal-Modeled Age Range

I 7040–5320 cal b.c.

II 2970–2730 cal b.c.

IIA 2810–2420 cal b.c.

IIs/sf 2570–790 cal b.c.

III1 1380–920 cal b.c.

III2 720–200 cal b.c.

III2cf 160 cal b.c.–cal a.d. 340

IV cal a.d. 610–1220
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Table 13. Occupational Episodes and Radiocarbon Dates Used for the Oxcal 
Model

Occupational 
Episode

Aeon Lab No. Feature No. Range

0 1548 10307 7040–6690 cal b.c.

1 1525 15317 3340–3030 cal b.c.

1 676 4235 3340–3090 cal b.c.

1 747 4388 3020–2890 cal b.c.

2B 1524 15457 2900–2670 cal b.c.

2B 1443 4387 2890–2690 cal b.c.

2B 1506 18250 2890–2670 cal b.c.

2B 1520 15142 2880–2630 cal b.c.

2B 1481 1523 2870–2630 cal b.c.

2B 1526 15319 2870–2620 cal b.c.

2A.1 1533 10925 2860–2580 cal b.c.

2A.1 1534 18439 2860–2580 cal b.c.

2A 1535 18468 2850–2490 cal b.c.

2A 1402 2598 2840–2490 cal b.c.

2A.2 1488 14613 2840–2500 cal b.c.

2A.2 1508 14839 2840–2500 cal b.c.

2A 736 2486 2840–2490 cal b.c.

2A 1442 7998 2570–2460 cal b.c.

3 1514 11025 2570–2340 cal b.c.

3.1 737 2602 2560–2460 cal b.c.

3.1 738 2605 2560–2460 cal b.c.

3.1 741 2622 2560–2460 cal b.c.

3 680 1303 2480–2340 cal b.c.

4 1445 2642 2200–2030 cal b.c.

4 1499 14959 2130–1940 cal b.c.

4 1444 1498 1880–1690 cal b.c.

4 1438 1438 1440–1310 cal b.c.

5 681 1244 1390–1210 cal b.c.

5.1 1440 11229 1380–1210 cal b.c.

5.1 1441 10114 1380–1210 cal b.c.

5 1496 4370 1380–1120 cal b.c.

5 1522 15197 1380–1130 cal b.c.

5 1437 3521 1310–1120 cal b.c.

5 1507 18237 1310–1120 cal b.c.

5 1503 11284 1300–1120 cal b.c.

5 1491 15173 1270–1050 cal b.c.

5 1510 11389 1270–1110 cal b.c.

5 1521 15191 1270–1110 cal b.c.

5 1490 14755 1260–1050 cal b.c.

5 1502 18880 1260–1040 cal b.c.

5 1483 3256 1200–930 cal b.c.

5 1500 15482 1200–1000 cal b.c.

5 1505 18254 1200–1000 cal b.c.

continued on next page
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Occupational 
Episode

Aeon Lab No. Feature No. Range

5.3 1494 20321 1120–1000 cal b.c.

5.2 1439 11181 1110–1000 cal b.c.

5.3 1485 10278 1120–1000 cal b.c.

5.2 1408 2967 1110–1000 cal b.c.

5.2 678 4302 1110–1000 cal b.c.

5.2 750 4355 1110–1000 cal b.c.

5 1523 18028 1050–920 cal b.c.

5 749 4343 1050–920 cal b.c.

5 1446 2629 1030–890 cal b.c.

5.4 677 4287 1010–920 cal b.c.

5.4 748 4308 1010–920 cal b.c.

5 745 1307 980–830 cal b.c.

5 1487 16970 970–830 cal b.c.

5 1493 18192 910–810 cal b.c.

5 1538 15256 900–800 cal b.c.

5.5 740 2627 840–800 cal b.c.

5.5 742 2628 840–800 cal b.c.

6.1 1504 11106 790–550 cal b.c.

6.1 1527 11130 790–550 cal b.c.

6.2 1515 3508 770–540 cal b.c.

6.2 744 1315 770–540 cal b.c.

6 1512 11088 750–400 cal b.c.

6 1509 3600 720–400 cal b.c.

6 1484 6828 390–200 cal b.c.

6 1511 14765 370–160 cal b.c.

7 1492 20285 160 cal b.c.–cal a.d. 330

7.1 1482 2529 cal a.d. 20–120

7.1 1489 14702 cal a.d. 20–120

7 1547 131 cal a.d. 10–130

7 1516 14656 cal a.d. 70–250

8 1501 19067 cal a.d. 610–670

8.1 674 1349 cal a.d. 640–670

8.1 679 1290 cal a.d. 640–670

8.2 1495 3321 cal a.d. 650–770

8.2 1513 3372 cal a.d. 650–770

8.3 1543 97 cal a.d. 660–780

8.3 1546 13 cal a.d. 660–780

9 1519 15096 cal a.d. 980–1150

9 1536 14655 cal a.d. 1010–1160

9 1537 11072 cal a.d. 1010–1160

9 1498 10514 cal a.d. 1050–1220

9 743 1343 cal a.d. 1180–1270
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to stratigraphic placement, the spatial distribution of similarly aged features across the site was also taken 
into account. In the case of Occupational Episode 2, spatial and temporal patterning between the northern 
and southern areas of Falcon Landing was detected. Therefore, these features were divided into Episodes 2A 
and 2B, which should be treated as spatially separated but potentially overlapping or coeval occupations at 
the site. Finally, it was noted that there were several cases of spatially clustered features with statistically 
indistinguishable radiocarbon dates. We interpreted these to represent discrete occupational events within 
the broader occupational episode. In terms of real time, these may or may not represent sets of features that 
were used at the same time, but they are considered to be coeval within the resolution of the radiocarbon 
timescale. For these sets of features, the combined age was calculated in OxCal and the combined radiocar-
bon age and χ2 statistics are provided for the event.

Episode 0 (7040–6690 cal b.c.) 

This episode occurred during the formation of Unit I and is represented by a single date from a thermal pit 
(Feature 10307) located in the extreme eastern part of the site (see Figure 20; Table 13). This feature intruded 
into Unit I alluvium along a middle Holocene channel in the northeastern part of the project area. 

Episode 1 (3340–2890 cal b.c.) 

Episode I occurred prior to the formation of Unit II and is represented by three features, including a structure 
(Feature 4388) located in the western part of the site (see Figure 20; Table 13). All three features originated at 
the surface of Unit I and were bound by noncontiguous strata. Given the complexity of the site stratigraphy 
and the potential age range of the stable Unit I surface in areas of stratigraphic unconformity, we hesitated 
to extend this episode to undated features. 

Episode 2 (2890–2490 cal b.c.) 

This episode took place during the deposition of Unit IIA across the northern and central part of Falcon 
Landing (see Figure 20). The features dating to this episode were clustered in several areas in the northern 
and southern part of the site. Episode 2A (2860–2490 cal b.c.) is represented by eight features in two clus-
ters (see Table 13). The first cluster, Event 2A.1, consists of two extramural pits (Features 10925 and 18439) 
located in the far northern part of the site. A combined radiocarbon age of 2860–2580 cal b.c. was calcu-
lated for the event (χ2: df = 1, T = 0.380, T

0.05
 = 3.841), where T presents knowledge about the age before 

radiocarbon dating, or probability a priori (see Michczyński and Pazdur 2003:41). Event 2A.2, the second 
cluster, consists of a structure (Feature 14613) and nearby pit (Feature 14839) located in the northeastern 
part of Falcon Landing; a combined age of 2840–2500 cal b.c. was calculated for this group (χ2: df = 1, 
T = 1.068, T

0.05
 = 3.841).

Episode 3 (2570–2340 cal b.c.)

Episode 3 is represented by five features located at the surface of Unit IIA and is coeval with the end of 
Unit IIA deposition prior to the start of swale infilling (Unit IIs/sf). Three of the features, all structures, were 
located in the northern part of Area A. Two of these structures (Features 2602 and 2605) appear to reflect 
an occupational event (see Figure 20; Table 13). The third structure (Feature 2622) was located north of this 
cluster but has been included because of its general proximity and the similarity of its date. A combined age 
of 2560–2460 cal b.c. was calculated for this group (χ2: df = 3, T = 1.244, T

0.05
 = 7.815). The two other fea-

tures dated to this episode (Features 11025 and 1303) were located in the far southern part of Falcon Landing. 
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Episode 4 (2200–1310 cal b.c.)

Episode 4 occurred during the initial period of swale infilling (Unit IIs/sf) and is represented by a structure 
(Feature 2642) in the northern part of Falcon Landing and one pit (Feature 14959) in the southern part of 
the site. This episode was defined by the geochronology model, with little else to link the features. 

Episode 5 (1390–800 cal b.c.)

This episode encompasses the broad range of time marked by the formation of Unit IIs/sf and Unit III1. 
This episode is represented by 33 features from across the project area, including five different events that 
are almost all temporally distinct within the episode (see Figure 20). Event 5.1 consists of two structures 
(Features 10114 and 11229) in proximity to one another along the eastern part of Falcon Landing. A com-
bined age of 1380–1210 cal b.c. was calculated for this pair of structure (χ2: df = 1, T = 0.014, T

0.05
 = 3.841) 

(see Table 13). Event 5.2 consists of three structures (Features 2967, 4302, and 11181) and an extramural 
pit (Feature 4355) located along the eastern edge of Falcon Landing but south of Event 5.1. A combined 
age of 1110–1000 cal b.c. was calculated for this group (χ2: df = 3, T = 0.749, T

0.05
 = 7.815). Event 5.3 was 

also identified in the eastern portion of Falcon Landing and consists of a structure (Feature 18887/Subfea-
ture 20321) and a possible reservoir (Feature 10278). A combined age of 1120–1000 cal b.c. was calcu-
lated for this pair of features (χ2: df = 1, T = 0.517, T

0.05
 = 3.841), which is coeval with Event 5.2. Event 5.4 

consists of a structure (Feature 4308) and an extramural pit (Feature 4287) located near Event 5.2. A com-
bined age of 1010–920 cal b.c. was calculated for this group (χ2: df = 1, T = 0.932, T

0.05
 = 3.841). Finally, 

Event 5.5 consists of two adjacent structures (Features 2627 and 2628) located along the northern edge of 
Falcon Landing. A combined age of 840–800 cal b.c. was calculated for this pair of structures (χ2: df = 1, 
T = 1.162, T

0.05
 = 3.841). Of the 33 features mapped to the Episode 5 occupation, roughly half were located 

along the eastern part of the site, including three of the five events, suggesting that this part of the site was 
heavily used during this period. 

Episode 6 (790–160 cal b.c.) 

Episode 6 occurred during the formation of Unit III2 and is represented by eight features that included two 
events. Six of the features, including both events (Event 6.1 and Event 6.2), were located along the south-
eastern edge of Falcon Landing (see Figure 20). One of the events, Event 6.1, consists of two adjacent ex-
tramural pits (Features 11106 and 11130) located along the southeastern edge of the site. A combined age 
of 790–550 cal b.c. was calculated for this group (χ2: df = 1, T = 0.965, T

0.05
 = 3.841) (see Table 13). The 

other event, Event 6.2, consists of two extramural pits (Features 1315 and 3508) located near the southern 
tip of Falcon Landing with a combined age of 770–540 cal b.c. (χ2: df = 1, T = 0.053, T

0.05
 = 3.841). These 

two pairs of features were located in the same general part of the site and so it is possible that they are re-
lated. Two additional extramural pits (Features 3600 and 11088) from this general area were mapped to the 
Episode 6 occupation, but their respective radiocarbon dates were statistically different from those of the 
two pairs of features. The last two features from this episode were located in the east-central part of Falcon 
Landing and included a structure (Feature 4621/Subfeature 6828) and an extramural pit (Feature 14765). 

Episode 7 (cal a.d. 10–250) 

This episode occurred during the channel-fan deposition of Unit III2cf in the north-central part of Falcon 
Landing and Site 423. Four of the five features in this episode were located here, including two adjacent struc-
tures (Features 2529 and 14702) that form Event 7.1. A combined age of cal a.d. 20–120 was calculated for 
this pair of structures (χ2: df = 1, T = 1.322, T

0.05
 = 3.841). It is likely that an intramural pit (Feature 20285) 
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located in this cluster belongs to this event, but because of the very large radiocarbon error for the associated 
sample, this feature was excluded from the combined age calculation. The remaining features in this episode 
include a charcoal lens (Feature 14656) located near Event 7.1, and a fire-affected rock (FAR) concentration 
(Feature 131) located at Site 423. 

Episode 8 (cal a.d. 610–780) 

Episode 8 occurred during the formation of Unit IV and consists of seven features representing three events. 
Six of the seven features, and all three events, were located along the central and east-central part of Fal-
con Landing and Site 68 (see Figure 18). The seventh feature, an extramural pit (Feature 19067), was lo-
cated near the southern tip of the site. Event 8.1 consists of a structure (Feature 1290) and an extramural pit 
(Feature 1349) located near the southern tip of Falcon Landing. A combined age of cal a.d. 640–670 was 
calculated for this pair of features (χ2: df = 1, T = 0.533, T

0.05
 = 3.841) (see Table 13). Event 8.2 consists of 

a structure (Feature 3321) and a ground stone cache (Feature 3372), located northeast of Event 8.1. A com-
bined age of cal a.d. 650–770 was calculated for this pair of features (χ2: df = 1, T = 1.197, T

0.05
 = 3.841). 

Event 8.3 consists of a structure (Feature 13) and an extramural pit (Feature 97) located on Site 68. A com-
bined age of cal a.d. 660–780 was calculated for this pair of features (χ2: df = 1, T = 0.577, T

0.05
 = 3.841). 

Episode 9 (cal a.d. 980–1270) 

Episode 9 is represented by five extramural pits (Features 1343, 10514, 11072, 14655, and 15096) that intruded 
into the surface of Unit IV, and it is coeval with the end of deposition and the beginning of stabilization of 
that unit’s surface. The pits were scattered across the site and appear to reflect the period of general site use. 

The stratigraphic control provided by the geochronological model allowed many of the undated features 
to be placed in time. In total, 1,603 features were coeval with deposition of the stratigraphic units and 1,334 
were situated at the depositional hiatus (unconformity) between units. Many of the coeval features have im-
proved age control compared to features located at major unconformities because most of the deposits in 
the Luke Solar project area represent a relatively brief period of geologic time. This suggested that major 
deposition was the product of distinct pulses of flooding rather than small annual or seasonal floods act-
ing over millennia. The age assignment of features located at unconformities was particularly problematic 
where the early and late-middle Holocene units (Units I and II) were shallowly buried by latest Holocene 
deposits (Units IV and V). In these areas, the Unit I and II surfaces were available for cultural use from 3,000 
(Unit IIA/IV unconformity) to over 6,800 years (Unit I/V unconformity). The features associated with these 
long depositional hiatuses could not be assigned a meaningful age based simply on the site stratigraphy. 
Additionally, because of the large size of the project area and the limited number of radiocarbon dates, it 
was not possible to obtain adequate age control in some areas of the site. Although soil morphology, strati-
graphic position, and a few isolated radiocarbon dates allowed us to narrow down the age of the deposit, 
there was not enough temporal information to assign some deposits to a specific allomember. This was a 
distinct problem for Unit IIs/sf and Unit III deposits because they had similar soil morphological character-
istics. In these instances, the stratum in question was assigned to multiple units, i.e., Unit III1/III2 or IIs/sf 
/III1, which resulted in a broader potential age estimate. 

The following section presents the feature-stratum assignments for the Luke Solar project. This includes 
a breakdown of coeval and surface-dated features along with a complete breakdown of features assigned 
to specific unconformities. Coeval features represent prehistoric occupations in tandem with alluvial depo-
sition. These features were situated between the upper and lower unconformities of the stratigraphic units 
correlated across the project area (see Figure 12). As noted previously, 1,603 features were assigned coeval 
dates based on their stratigraphic positions (Figure 30). Of these, 82 percent dated to the Archaic period 
with Units IIA and IIs/sf containing the most features. Features coeval with Units II and IIA are well con-
strained between 2970 and 2570 cal b.c. (early Chiricahua phase) and represent a major period of Middle 



 78

Figure 30. Features per stratigraphic unit (coeval).

Figure 31. Features per unconformity (surface).
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Archaic occupation. Significant numbers of features were also associated with Unit III1 (1380–920 cal b.c.), 
which places them in the San Pedro phase. About 18 percent of the coeval features date to the Cienega–Red 
Mountain phases, and these were primarily associated with Unit III2cf (160 cal b.c.–cal a.d. 340) or Unit IV 
(cal a.d. 610–1220) alluvial-fan-reach deposits (see Figure 30). 

Features documented at the major unconformities between depositional units represent occupation on 
stable alluvial-fan surfaces. In total, 1,334 features were associated with the surface (upper unconformity) 
of the stratigraphic units (Figure 31). Because the oldest surfaces were available for cultural use for a lon-
ger span of time, they had the greatest number of features. The surfaces of Units I and II (II, IIA, and IIs/sf) 
were the most intensively occupied, accounting for 85 percent of all surface features. Of the latest Holocene 
units, the surfaces of Unit III2cf (available after cal a.d. 340) and IV (available after cal a.d. 1220) appear 
to have been more extensively used by pre-Classic and Classic period groups (see Figure 31). 

Although the time of deposition for each stratigraphic unit was fairly well constrained across the proj-
ect area, the length of time a specific surface was available for use varied considerably by location. This 
was a direct product of the lateral stratigraphic complexity associated with alluvial-fan environments. For 
example, the geochronology indicates that the surface of Unit I was primarily available for cultural use by 
5320 cal b.c.; however, it was subsequently buried by Units II, IIA, IIs/sf, III1, III2, III2cf, IV, or V at different 
localities. There was not a single location in the project area where all units appeared in a stratified sequence. 
Instead, along the western side of Falcon Landing, Unit I was buried by Units III, IV, and/or V, whereas in 
the central area of the site it was buried by Unit II (see Figure 16). When the temporal-spatial variability 
associated with these surfaces is considered, the feature-stratum associations become much more complex 
(Figure 32). As with Figure 31, the number of features associated with each surface was largely influenced 
by the length of time represented by the unconformity and, to some extent, the total area of the surface cov-
ered by the overlying stratum (see Figure 32). The older strata have also been subjected to longer periods of 
erosion and thus have suffered more deleterious effects. Unit I in particular has been incised by Unit II, III, 
and IV fan drainages in some areas of the site. The decreases in features associated with some of the Units I/
II, I/III, and I/IV unconformities are likely related more to erosion than lack of use by prehistoric groups. 

Discussion

The following text focuses on the geomorphic history and prehistoric landscape context of the Luke Solar 
project area. This discussion begins with an environmental reconstruction of the area that incorporates the 
geomorphic history, paleoenvironmental context, and the OxCal-modeled archaeological chronology. To 
the degree possible, this landscape reconstruction is placed within a regional framework by correlation with 
other paleoenvironmental proxies. 

Geomorphic History and Prehistoric Landscape Context

The oldest deposit identified in the project area has a buried soil that was completely cemented by secondary 
CaCO

3
. Soils with similar Stage IV carbonates (caliche) have been dated to the middle Pleistocene (greater 

than 120 ka) in other areas of the Southwest (Birkeland 1999; Machette 1985). The upper contact of this 
soil with the lower LR Formation represents a hiatus that likely spanned 100,000 years or more. During this 
time, soil formation in an arid environment similar to the modern climate created the petrocalcic horizon. 
This was followed by a period of erosion during which the overlying surface horizons were removed in most 
areas, exposing the CaCO

3
-cemented horizon at the surface. It is not known if other late Pleistocene depos-

its predating the LR Formation accumulated on the surface of this relict soil. If these once existed, they too 
would have been stripped by erosion. It is important to note that age control for the pre-Holocene deposits is 
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limited because radiocarbon dating focused on archaeological deposits. The late Pleistocene reconstruction 
is incomplete and is largely dependent on relative dating and correlation with regional geomorphic studies. 

Following the middle-late Pleistocene hiatus, the late Pleistocene LR Formation deposits began to ac-
cumulate. Deposition of the LR Formation marks a net change in the landscape from erosion and removal 
of sediment to one dominated by aggradation. A date from organic matter in a dark-colored silt loam lens 
in the formation yielded a calibrated age of 16,680–16,080 cal b.c. (TR  9066, see Figure 16; Table 8), in-
dicating this change took place around the last glacial maximum. The presence of a dark-colored silt loam 
to silty clay loam lens, higher levels of organic matter throughout the formation, groundwater carbonate 
lenses, and generally more-negative SOM δ13C values all suggest a more mesic environment than present 
conditions, with more abundant C3 vegetation. Although fossil pollen was not preserved in the LR Forma-
tion, the late Wisconsin component of Sonoran Desert pack-rat middens indicates a predominance of xeric 
juniper woodland dominated by California juniper (Juniperus californica), live oak (Quercus spp.), Joshua 
tree (Yucca spp.), Whipple yucca (Hesperoyucca whipplei), and Bigelow beargrass (Nolina bigelovii) at el-
evations between 300 and 600 m (Van Devender 1990; Van Devender et al. 1991). The elevation of the Luke 
Solar project area (320 m AMSL) places it in this late Wisconsin ecological zone. 

Following deposition of the LR Formation, another period of nondeposition and soil formation ensued. 
During this time, soil horizons were developed in the LR Formation alluvium, and deposition in the project 
area was highly localized. Because radiocarbon dates were not obtained from the upper part of the LR For-
mation, it is not known when aggradation ceased in the late Pleistocene. However, the single radiocarbon 
date, coupled with the more-advanced stages of pedogenesis, suggests deposition ended before the first hu-
man occupation of North America. If there had been a Paleoindian occupation, it would have been present 
on the surface of the LR Formation and buried by the early Holocene Unit I. No cultural resources, however, 
were identified in association with the surface of the LR Formation in the project area.

The Holocene stratigraphic record at Luke Solar began with the deposition of Unit I around 7040 cal b.c. 
(Figure 33). This date corresponds with the complete transition from late Wisconsin xeric woodlands to more-
modern Sonoran Desert plant communities, and a shift from winter-dominated to summer monsoon–domi-
nated precipitation patterns across southern Arizona (Van Devender 1990). The fossil record from pack-rat 
middens suggests early Holocene precipitation was greater than today, with rainfall occurring primarily in 
the summer months (Van Devender 1990). This period also correlates with an episode of significant and 
rapid global climate change dated in numerous paleoclimatic records between 9000 and 8000 cal yr b.p. (ap-
proximately 7000–6000 cal b.c.) (Mayewski et al. 2004). At lower latitudes, this global event was character-
ized by a period of increased aridity in a generally wet, early Holocene and a shift in precipitation regimes 
(deMenocal et al. 2000). At Montezuma Well in central Arizona, lower lake levels were marked by a transi-
tion from lake muds to peat around 8000 yr b.p. (approximately 7000 cal b.c.) and a pronounced increase 
in charcoal at 7300 yr b.p. (approximately 6000 cal b.c.), suggesting burning of the marsh surrounding the 
lake (Davis and Shafer 1992). 

At Luke Solar, the beginning of Unit I deposition was characterized by the filling of broad shallow 
channels with dark silty clay loams and sandy loam alluvium containing thin lenses of CaCO

3
. The CaCO

3
 

lenses were subsequently capped with a sand lens containing more abundant pieces of charcoal. The car-
bonate lenses and dark fine-grained channel fills were confined to the southern part of the project area, and 
the Unit I channels to the north were primarily infilled with sandy loams. Dates from the charcoal dispersed 
in the sand lens in the southern project area yielded ages of 6600–6460 and 6650–6490 cal b.c., whereas in 
the central project area, Unit I sandy loam channel fills dated to 6230–6080 cal b.c. Unfortunately, pollen 
preservation was very poor in Unit I, but stable C analysis indicates δ13C values for Unit I channel deposits 
were more negative (from -21.00 to -23.00), suggesting C3-dominated plant communities likely existed (see 
Figures 14 and 15; Table 11). Unit I sheet-flood deposits in the north-central portion of Falcon Landing were 
more positive, thus indicating a plant community with more C4 and/or CAM species, such as succulents, 
grasses, and weedy annuals (e.g., Chenopodium/Amaranthus [cheno-ams]). 

Unit I was deposited initially along a series of broad shallow channels incised into the LR Formation. 
These distributary channels likely fed into an alluvial-fan-toe reach south and east of the project area. The 
presence of carbonate lenses and dark fine-textured deposits at the base of the channels in the southern portion 
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of Falcon Landing suggests low-energy deposition accompanied by a high water table. As the channels con-
tinued to infill with sediment, a shift in the Unit I drainage network from an incised channel reach to an allu-
vial-fan reach took place. A radiocarbon date from Unit I silt loam sheet-flood deposits near the south-central 
portion of Falcon Landing indicate deposition of the sheet-flood deposits ended around 6000–5890 cal b.c. 

The oldest dated feature in the project area was associated with a Unit I wash that ran north to south along 
the eastern project area, very near the location of the modern wash. This feature was a small extramural pit 
dated to 7040–6690 cal b.c., and detrital charcoal from overlying channel deposits yielded a calibrated age 
of 5470–5320 cal b.c. The coarser-grained deposits of the feature indicate occupation on a mid-channel bar 
or similar near-channel environment. The overlying date also suggests this wash was still active after the 
primary deposition of Unit I ended around 6000 cal b.c. in other areas. Although the presence of an Early 
Archaic-period feature near the base of Unit I suggests an early presence at Luke Solar (Occupational Epi-
sode 0), no other cultural resources were documented in association with Unit I deposition. 

After the deposition of Unit I, the middle Holocene at Luke Solar was marked by a period of relative 
quiescence. From 6000 to 3000 cal b.c., deposition was largely confined to a middle Holocene wash located 
east of Falcon Landing. Infilling of shallow swales and the development of a drainage network on the Unit I 
surface also occurred, but these deposits were not widespread. The regional middle Holocene fossil record 
from pack-rat middens indicate hot summers with summer rainfall greater than today (Van Devender 1990). 
Regional alluvial-fan records indicate a lack of fan aggradation between 6000 and 4000 cal b.c. in the eastern 
Mojave Desert and prior to 3000 cal b.c. on the McDowell Mountains piedmont in the Luke Basin during 
the middle Holocene (Miller et al. 2010; Phillips et al. 2009) (see Figure 33). Currently, there is no evidence 
for any significant landscape changes during the middle Holocene (between 5320 and 2970 cal b.c.) in the 
Luke Solar project area. Radiocarbon dates from features intruding into the Unit I surface suggest increased 
occupation of the project area did not take place until the Middle Archaic period (Occupational Episode 1). 

The middle Holocene hiatus at Luke Solar ended around 3000 cal b.c. with a pulse of alluvial-fan ag-
gradation coupled with increased Middle Archaic period (early Chiricahua phase) occupation. Beginning 
between 4900 and 4000 cal b.c., paleoclimate proxy records detect climatic anomalies associated with en-
hanced ENSO climatic patterns (Ely 1997; Miller et al. 2010; Wagner 2006; Waters and Haynes 2001). A 
high stand of Paleolake Cochise, the expansion of cienegas along a tributary of Whitewater Draw, and the 
expansion of grassland taxa at 5400 cal b.p. (approximately 3400 cal b.c.) at the San Bernardino cienega 
could mark an increase in winter precipitation at this time (Minckley et al. 2011; Waters 1989; Windingstad 
and Ballenger 2010). At the Cave of Bells in the Santa Rita Mountains, the Holocene speleothem record 
also suggests a period of stronger summer monsoons and increased summer temperatures between 6.9 and 
3.5 ka (approximately 4900 to 1500 cal b.c.) (Wagner 2006). In the desert Southwest, widespread alluvial-
fan aggradation dated between 4000 and 1000 cal b.c. correlates with the detected climatic anomalies (Ba-
con et al. 2010; Miller et al. 2010) (see Figure 33). 

At Luke Solar, a pulse of alluvial-fan aggradation lasting from 2970 to 2420 cal b.c. (Units II and IIA) 
correlates with another local episode of fan aggradation at the Last Ditch site between 3000 and 2000 cal b.c. 
(Phillips et al. 2009). Initially, Unit II deposition occurred primarily along shallow channels incised into 
Unit I or the LR Formation along the west-central and northwestern portions of Falcon Landing. The Unit II 
deposits became less channelized to the east, indicating a shift from an incised channel reach to an alluvial-
fan reach from west to east across the project area. Radiocarbon dates from the upper part of Unit II indicate 
deposition ceased around 2730 cal b.c. Early Chiricahua phase features were documented both on the sur-
face and within Unit II deposits. Around 2810 to 2730 cal b.c., the up-fan migration of the alluvial fan toe 
resulted in the aggradation of Unit IIA sheet-flood deposits across the central project area. Detrital charcoal 
dates and dates from early Chiricahua phase pit features intruding into the surface of Unit IIA deposits in-
dicate deposition of the unit occurred over a relatively brief period between 2810 and 2420 cal b.c. 

The correlation of the deposition of Units II and IIA with radiocarbon-dated and stratigraphically dated 
features indicates a pronounced increase in cultural use during the early Chiricahua phase in tandem with 
alluvial-fan aggradation. The pooled probabilities of the 14C data set are represented by the shaded density 
distribution in Figure 34 (left ordinate axis). Cumulative distribution plots (right ordinate axis) are overlaid, 
corresponding to the three principal means of establishing dates: 14C, coeval (in tandem with deposition), 
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and overlying stratum (feature located at uncomformity). The steps in the cumulative distribution are based 
on median ages, which is an oversimplification of data points that are individually distributed non-normally. 
Nonetheless, at this scale of representation, this method depicts an accurate view of the relative frequency 
of dated features (only dates with ranges less than 1,000 years were used in this plot). Care must be taken 
when interpreting these data because cultural features were used to constrain the ages of some stratigraphic 
units. This is problematic because the feature dates could significantly postdate the end of deposition for 
the unit in question. Depositional dates from detrital charcoal or coeval features within the units suggest 
that this was not the case for most units because there was not a significant difference in age between the 
depositional and postdepositional (intrusive cultural feature) dates. However, the upper date for Unit III2 
and the upper and lower dates for Unit IV are largely dependent on dates from cultural features. Assuming 
that the number of radiocarbon dates at least approximate the population of samples available for dating, 
the frequency of radiocarbon dates indicated by the dark shading at the bottom of Figure 34 provides an 
estimate of the intensity of human use of the project area over time, which is a proxy measure of temporal 
changes in occupational intensity.

Paleoenvironmental proxy data for Units II and IIA come from δ13C values of SOM, fossil pollen, mac-
robotanical remains, and the stratigraphic record. The δ13C values of SOM from Unit II and IIA deposits 
yielded values more negative than those obtained for Unit I, suggesting the increased contribution of C3 
and/or CAM species to the SOM pool (Figure 35). Similar to Unit I channel deposits, Unit II channels had 
more-negative δ13C values indicating the presence of woody C3 species (e.g., mesquite, palo verde, etc.). 
Macrobotanical remains recovered from the stratigraphic units were dominated by charred mesquite wood, 
which further suggests the presence of mesquite along shallow channels and swales and/or a nearby mesquite 
bosque (see Chapter 6, this volume). Fossil pollen from Unit IIA indicates the predominance of cheno-am 
and sunflower family (Asteraceae) species and lesser amounts of grass (see Chapter 7, this volume). The 
higher proportion of cheno-am and grass species correlates with the less-negative δ13C values returned for 
the Unit IIA sheet-flood deposits. The abundance of disturbance taxa in both the pollen and macrobotanical 
record could be related to the enhanced alluvial aggradation that took place during the deposition of Units 
II and IIA. Pioneering vegetation such as cheno-am species (e.g., goosefoot and pigweed) commonly thrive 

Figure 35. Average soil organic matter δ13C (VPDB) values of major stratigraphic units.
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in disturbed environments found in areas of active deposition and at archaeological sites. As fresh alluvium 
was seasonally deposited during winter and/or summer precipitation events, pioneer species such as cheno-
ams likely moved in and quickly colonized the new fan deposits. An increase in sunflower family and grass 
pollen in early Chiricahua phase structures might also suggest an increase in winter/spring precipitation (see 
Chapter 7, this volume).

Following Unit IIA deposition, distinct pulses of fan aggradation were not recorded again in the project 
area until the onset of Unit III1 deposition at 1380 cal b.c. (see Figure 33). During this time, swales on the 
Unit IIA surface continued to accumulate sediment and a headcut tributary–master channel reach transmitted 
surface runoff to the east-southeast (see Figure 16). The alluvium associated with these swales and channel 
reaches was deposited between 2570 and 790 cal b.c. (Unit IIs/sf). The latter part of Unit IIs/sf deposition 
corresponds with Unit III1 in the south-central portion of the project area. Unfortunately, there was not a 
clear unconformity between the lower and upper Unit IIs/sf deposits, which makes correlation difficult. Al-
though cultural features were associated with Unit IIs/sf, a distinct decrease in the number of radiocarbon-
dated features was evident, particularly between 1700 and 1400 cal b.c. (see Figure 34). A couple of coeval 
features were identified in Unit IIs/sf deposits, however, indicating continued Middle to Late Archaic oc-
cupation (Occupational Episode 4) (see Figure 30). 

In the northern half of Falcon Landing, lower Unit IIs/sf deposition was restricted mainly to secondary 
swale filling with limited or no channelized flow. An organized drainage appears to have developed on the 
surface of Unit IIA, with a master channel running northwest to southeast along what is now Strike Eagle 
Road (see Figure 16). The δ13C values from Unit IIs/sf swale fills were similar to those from Unit IIA sheet-
flood deposits (see Table 11). Regional paleoclimatic proxies and alluvial-fan records also indicate continued 
ENSO climatic patterns and fan aggradation until at least 700 cal b.c. (Bacon et al. 2010; Miller et al. 2010; 
Mitchell et al. 2003; Wagner 2006). If there was not a significant change in climate patterns, as these paleo-
climate proxies suggest, the shift in the local depositional setting from an alluvial-fan to a headcut–master 
channel reach was more likely related to internal adjustments in the drainage network such as reach migration. 

The start of Unit III deposition around 1400 cal b.c. marked the beginning of nearly continuous allu-
vial-fan deposition somewhere in the project area. “On-site” fan drainages remained active until just after 
cal a.d. 300, with pulses of deposition at 1380–920 cal b.c., 720–200 cal b.c. and 160 cal b.c.–cal a.d. 340 
(Units III1, III2, and III2cf) (see Figures 33 and 34). A pronounced increase in radiocarbon-dated and strati-
graphically dated features corresponds with Unit III1, and to a lesser extent, Unit III2cf deposition, thus 
indicating more-intensive cultural use of the project area at these times (Occupational Episodes 5, 6, and 
7) (see Figure 32). Unit III1 and III2 headcut and master channel reaches run north–south across the south-
central portion of Falcon Landing (see Figure 16). The alluvial-fan reaches were primarily centered in the 
far southern and the southeastern corner of the project area. Unit III2cf (channel fan) represents smaller al-
luvial-fan reaches in the north-central and southwestern part of Falcon Landing. Although the Unit III1 fan 
system appears to have been active for a limited time during the San Pedro phase, Unit III2 (III2 and III2cf 
combined) fans remained active until cal a.d. 340 (Cienega and Red Mountain phases). 

The construction of a possible reservoir (Feature 10278) during the Late Archaic (around 1120–1000 cal b.c.) 
in the northeastern portion of Falcon Landing (see Chapter 4, Volume 1) corresponds with Unit III1 deposition 
in other areas of the site. Walk-in wells of similar age (ca. 1000 cal b.c.) have been identified along McClellan 
Wash on the Gila River Indian Community (Wright et al. 2013). The construction of these wells was interpreted 
to be a response to drought and lowered water tables during a period of enhanced ENSO climatic patterns. 

Overall, Unit III deposition in the Luke Solar project area corresponds with fan aggradation in other 
parts of the Sonoran Desert dated between 1200 and 300 cal b.c. (Bacon et al. 2010; Lui, Phillips, Pohl, and 
Campbell 1996; Phillips et al. 2009). This event may have been triggered by a strengthened NAM identi-
fied in several paleoclimatic proxies between 1500 and 500 cal b.c. (Asmerom et al. 2007; Mayewski et al. 
2004; Pérez-Cruz 2006; Sandweiss et al. 2001) (see Figure 33). Compared to Units II and IIA, δ13C values 
of SOM in Unit III deposits were more positive, which suggests increased C4 and/or CAM plant species 
such as cheno-ams and succulents (in all likelihood, the former). Fossil pollen from late Chiricahua and Red 
Mountain house floors also indicate an increase in cheno-am species compared to the earlier Chiricahua and 
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Cienega phases. Because cheno-ams flower during the summer, this likely reflects an increase in summer 
monsoons during the late Chiricahua and Red Mountain phases (see Chapter 7, this volume). 

Following a 300–350-year hiatus after the deposition of Unit III2cf, shallow channel and sheet-flood 
alluvium (Unit IV) began to accumulate in the eastern part of Falcon Landing around cal a.d. 610 (see 
Figures 33 and 34). This new pulse of aggradation corresponds with an increase in radiocarbon-dated and 
stratigraphically dated pre-Classic features (Occupational Episodes 8 and 9) (see Figure 34). Although the 
upper and lower age of Unit IV is poorly constrained by feature dates, this period corresponds with wide-
spread arroyo formation and flooding in many regional alluvial records (Ely 1997; Huckleberry et al. 2013; 
Waters 2008; Waters and Haynes 2001) (see Figure 33). Initial Unit IV deposition occurred along shallowly 
incised channels near the eastern edge and the far southeastern corner of Falcon Landing (see Figure 16). 
Upstream migration of the alluvial-fan reach then deposited a thin sheet-flood deposit. Pre-Classic period 
occupations were stratified in the alluvial-fan reach, particularly in the far east-central portion of Falcon 
Landing. One of the more interesting aspects of Unit IV is that it had some of the highest levels of available 
P in the project area (see Table 11). This probably signals cultural inputs of P and therefore more-intensive 
use of the area during the pre-Classic period. 

The δ13C values from Unit IV reveal more-negative values compared to Unit III, suggesting an increase 
in C3 and/or CAM species. Fossil pollen recovered from Unit IV generally indicates the continued domi-
nance of cheno-am species; however, sunflower family pollen (C3 plants such as brittlebush [Encelia spp.] 
and desert broom [Baccharis sarothroides]) also became more abundant in pre-Classic-period house floors 
(see Chapter 7, this volume). 

After cal a.d. 1220, deposition on the site appears to have been minimal until the deposition of Unit V. 
Unit V was deposited along incised channels east of Falcon Landing and the western edge of Site 423 and 
formed a thin mantle of silt loam sheet-flood deposits across much of the project area (see Figure 16). Age 
control for the unit is poor and is based on a date obtained from a feature buried by Unit V sheet-flood depos-
its. This date constrained the age of Unit V to less than cal a.d. 1520–1800 (270 ± 20 14C yr b.p.) (see Table 8). 
Fossil pollen from Unit V indicated the continued presence of cheno-am and sunflower family species along 
with a few succulents (see Chapter 7, this volume). Two Unit V samples returned δ13C values of -21.68 and 
-20.01 (see Table 11). Several Protohistoric period features were documented on the Unit V surface. 

Salt Domes and Local Hydrology

Existing soil, geologic, and hydrologic data collected for the immediate area indicate low groundwater trans-
missivity (i.e., the rate at which groundwater flows horizontally in an aquifer) and slow permeability of wa-
ter in areas adjacent to the salt domes (Eaton et al. 1972; Soil Survey Staff 2013). Aerial photographs taken 
in August of 1956 (monsoon season) show a pronounced increase in vegetation where multiple channels 
converge on a topographic low adjacent to the southern dome (Figure 36). On soil survey maps this area is 
mapped as the Glenbar clay loam, with the La Palma and Pinal soil series located immediately to the east 
(see Figure 7). The La Palma and Pinal series represent relict soils containing indurated horizons within the 
upper 100 cm, and the Glenbar series is a young soil composed of stratified clay loams and silty clay loams 
(Soil Survey Staff 2013). Well-developed soils with indurated horizons are not typical of surfaces on distal 
piedmonts because they are usually deeply buried by younger alluvium. Their presence east of LAFB is 
likely related to the uplift of relict alluvium above the Luke Salt Body during the formation of the salt domes 
(Eaton et al. 1972). The most significant impact of these horizons is that they are generally impermeable or 
very slowly permeable, which creates a strong potential for perched water tables. The official soil series de-
scription for the La Palma series, in fact, describes the presence of a perched relict water table (Soil Survey 
Staff 2013). The fine-textured deposits of the Glenbar series indicate very low-energy deposition in slow-
moving and/or ponded water. The presence of increased vegetation in association with the above soil series 
suggests that low-energy surface runoff was collected and retained for some time in this area. 

Evidence for elevated and/or perched water tables (i.e., episaturation) also comes from several carbon-
ate/gypsum lenses identified in the southern portion of Falcon Landing and across Site 68. The lenses were 



 88

F
ig

ur
e 

36
. 1

95
6 

ae
ri

al
 p

ho
to

g
ra

p
h 

o
f 

L
A

F
B

 a
nd

 t
he

 s
ur

ro
un

d
in

g
 a

re
a.



 89

documented in the LR Formation, at the base of Unit I, and within some of the Unit III alluvial-fan deposits. 
Unfortunately, capillary fringe lenses are difficult to date stratigraphically because they can be significantly 
younger than the sedimentary deposit with which they are associated. Their presence, however, strongly in-
dicates that water tables were close to the surface at least periodically during the Holocene. 

The combined evidence indicates that local geologic conditions supported a seasonal perched and/or el-
evated water table and that surface runoff was at least temporarily retained in a topographic low adjacent to 
the southern salt dome. The presence of relict indurated soil horizons within 100 cm of the modern surface 
further resulted in low permeability of infiltrating soil water and possibly created a seasonal source of surface 
water for prehistoric groups, particularly during periods of enhanced NAM or winter/spring precipitation. The 
potential for this area to have supported a mesquite bosque is high and is reinforced by the ubiquitous pres-
ence of mesquite wood during all time periods in the macrobotanical record (see Chapter 6, this volume). The 
predominance of cheno-ams in the pollen record, along with elevated natural soil-salinity levels in the area, 
also supports the idea that saltbush was the prevailing local cheno-am species (see Chapter 7, this volume). 
As seasonally high or perched water tables dropped, salts were naturally concentrated over time. Mesquite, 
particularly screwbean mesquite (P. pubescens), and Atriplex spp. are both salt-tolerant and may have out-
competed less-tolerant species in the area (Felker et al. 1981; Miyamoto 2008). The EC of soils in the project 
area was generally less than 8 dS/m and probably would not have been a limiting factor for either velvet mes-
quite (P. velutina), which is less tolerant, or screwbean mesquite. Salinity levels were probably greater where 
water accumulated near the southern salt dome and may have been a limiting factor for nontolerant species. 

Summary and Conclusions

Construction of a geochronological model at Luke Solar provided a temporal context for most of the un-
dated cultural features. Although not deeply stratified, the ephemeral fan drainages feeding into the project 
area created a laterally complex stratigraphic sequence with spatially and temporally separated depositional 
units. Careful correlation of the units across space via radiocarbon dating, soil-stratigraphic relationships, and 
surface mapping served as the basis for identifying distinct pulses of alluvial-fan aggradation between 7040 
and 5320 cal b.c. (Unit I), 2970 and 2420 cal b.c. (Units II and IIA), 1380 cal b.c. and cal a.d. 340 (Units 
III1, III2, and III2cf), and between cal a.d. 610 and 1220 (Unit IV). This stratigraphic sequence provided 
the framework for the OxCal model that identified nine distinct occupational episodes. Episodes of occu-
pation corresponded very closely with the timing of fan aggradation, particularly between 2970 and 2420 
cal b.c. (Units II and IIA, early Chiricahua phase), 1380 and 920 cal b.c. (Unit III1, late Chiricahua and San 
Pedro phases), and between 160 cal b.c. and cal a.d. 340 (Unit III2cf, Cienega and Red Mountain phases), 
thus indicating more-intensive use when deposition was active. Although deposition in the project area was, 
at times, controlled by factors other than climate, aggradation on the fan in the Luke Solar project area cor-
responds with widespread climatically induced fan activity after 4000 cal b.c. in the eastern Mojave Desert 
and 3000 cal b.c. in the Sonoran Desert. Correlation with regional alluvial-fan records indicate Units II and 
IIA were deposited at the same time as the Middle Archaic-period fan at the Last Ditch site, and Units III1 
and III2 correspond very closely with late Holocene fans dated near Yuma and Ajo, Arizona. This suggests 
that many desert piedmonts in southern Arizona were actively aggrading during the Middle to Late Archaic 
periods. Consequently, these settings have a high potential for containing buried Archaic occupations. This 
is particularly true on distal bajadas where younger Holocene fan deposits bury older landforms. 

Prehistoric groups were likely drawn to the Luke Solar project area for a number of reasons. Episodes 
of widespread late Holocene (after 4000 cal b.c.) fan activity in the desert Southwest appear to have been 
a result of increased precipitation during enhanced ENSO climatic patterns. Although both increased win-
ter/spring and NAM precipitation have been correlated with ENSO patterns, the dominance of cheno-am 
species (summer flowering) in the archaeological and paleoenvironmental pollen records suggests deposi-
tion primarily during summer monsoons. Periods of enhanced winter/spring precipitation, as evidenced by 
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an increase in sunflower family species at the expense of cheno-ams, might also have occurred during the 
late Chiricahua (Unit IIs/sf) and Cienega (Unit III2) phases. Increased surface runoff entering the Luke So-
lar project area during periods of active fan aggradation ultimately reached the salt domes east of Falcon 
Landing, where it was likely retained for short periods of time. Indurated relict soil horizons in this area 
impeded infiltrating soil water and maintained a perched water table close to the surface, which supported 
a niche community of mesquite (probably a mesquite bosque) and other plant species of economic impor-
tance to humans in prehistory. Actively aggrading fan surfaces also appear to have favored the expansion of 
disturbance taxa, especially cheno-am species, in the area. The presence of salts more soluble than CaCO

3
 

in local soils probably favored salt-tolerant species such as Atriplex spp. and screwbean mesquite in some 
areas. As a modern analogue, channels and swales on active piedmont surfaces are commonly marked by an 
increase in mesquite, ironwood, and palo verde, while active fan lobes seasonally support weedy annuals. 
The paleoenvironmental reconstruction for the Luke Solar project indicates a similar environment existed, 
although enhanced to some degree by local hydrogeologic conditions.
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C H A P T E R   3

Stone Artifacts

Jesse A. M. Ballenger, Matthew C. Pailes, John D. Hall,  
Robert M. Wegener, Janet L. Griffitts, and Amelia M. Natoli

This chapter describes and interprets the stone artifacts recovered during the Luke Solar project, which in-
volved two phases of extensive data recovery between November 2010 and April 2013 (see Volume 1). In 
particular, the unprecedented mechanical stripping of 46 acres uncovered an extensive array of prehistoric 
features and artifacts at one principal site (Falcon Landing), along with the substantially smaller Sites 68, 
423, and 437, and isolated surface artifacts collected from the modern surfaces of nonsite areas. At Falcon 
Landing alone, almost 44 contiguous acres were mechanically stripped to an average depth of 40 cmbs, and 
3,006 buried features were identified, of which 1,638 (55 percent) underwent controlled sampling. Included 
among those features were 48 structures, 2,738 extramural-pit features, 14 activity areas, and 2 middens, as 
well as many hundreds of complete ground stone artifacts encountered and collected from buried nonfeature 
contexts (see Chapter 3, Volume 1).

Of particular importance is the fact that the bulk of these features and artifacts accumulated in the proj-
ect area sometime after approximately 5300 b.c., and most features dated after 3300 b.c. (see Chapter 2). In 
total, 20,588 stone artifacts—348 flaked stone tools, 7,715 pieces of flaked stone debitage, 2,319 ground/
battered stone artifacts and preforms, and 10,206 fragments of FAR—were included in the project collection. 
Ninety-eight percent of those artifacts were collected from Falcon Landing. The Falcon Landing collection 
represents a monumental effort to locate and recover a highly dispersed and uniquely preserved “landscape” 
of tools, and it is the focus of this chapter.

The chapter is organized into three primary sections: a restatement of the research design and the re-
search questions asked of the stone artifacts in Chapter 2, Volume 1, of this series; a review of important 
Middle Archaic period lithic collections and a summary of Middle Archaic period lithic technology; and a 
descriptive analysis of the Luke Solar project lithic collection and a discussion of the results as they relate 
to the activities, social organization, land use, and cultural associations of the groups who created the ar-
chaeological record at Falcon Landing and the smaller adjacent sites.

Research Design

The Archaic period of the U.S. Southwest represents nearly 9,000 years of environmental and cultural change 
between late Pleistocene extinctions and the widespread appearance of ceramic tools and sedentary agricul-
tural villages (Irwin-Williams 1979; Jennings 1957; Willey and Phillips 1958). Huckell (1995) recognized 
that a foraging economy at the end of the Archaic period, in the Late Archaic/Early Agricultural period, sus-
tained people before and after the appearance of maize agriculture and drew attention to the idea that river-
ine farming included significant social and technological changes. Although the technological requirements 
of foraging and farming were different, the lithic technologies of Middle Archaic period foragers and Early 
Agricultural period farmers remained remarkably stable (Haury 1950; Huckell 1996; Sliva 2005). Archaeo-
logical evidence that hunter-gatherer subsistence technologies changed little over a period of 5,000 years that 
witnessed the introduction of maize and the development of sedentary floodplain farming is at odds with the 
evolutionary and practical expectations of technological change. Isolating the technological strategies that 
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were favored by increased sedentism requires a better understanding of pre-agricultural technologies. The 
character of the Luke Solar project collection is of special interest because it is a nonmaize technology, and 
as such, it uniquely spotlights forager behaviors in the cultural and technological evolution of Ceramic period 
societies in the Sonoran Desert. It is also an index collection for the lower piedmonts of the Southern Basin 
and Range, a vast environment that has been mostly dismissed in models of regional hunter-gatherer land use. 
This section outlines the theoretical context for the interpretation of the Luke Solar project flaked stone and 
ground stone collections and summarizes the historical context of Archaic period typologies and analyses.

Theoretical Orientation

The research design relied on stone tools to trace the cultural traditions present at the site, as well as inter-
action and mobility, subsistence, site function, and technological change (see Chapter 2, Volume 1). The 
archaeological correlates used to measure these affinities and behaviors surveyed an immense body of lit-
erature that incorporates the ethnographic record; artifact form, function, and style; typology; evolutionary 
expectations; actualistic experiments; provenance studies; sampling; chronology; and behavioral consider-
ations about the formation of archaeological sites. This analysis is built around the study of technological 
organization that incorporated behavioral ecology, ethnographic analogy, actualistic research, and archaeo-
logical theory to address many of the key questions posed in the research design.

The technological organization of foragers was intimately connected to food choices, movement, envi-
ronmental constraints, and social customs. Stone tools often provide the only means for reconstructing the 
behaviors of highly mobile foragers who left little else behind (Bamforth 1991; Binford 1991; Kelly 1988; 
M. Nelson 1991). The concept of technological organization asserts that the ways in which tools were made, 
used, transported, and discarded by foragers are key to deciphering adaptive strategies (M. Nelson 1991). Pre-
dictions about technological strategies are typically based on energy, time, risk, and reproduction. The most 
profound constraints on technology included mobility (Binford 1977; Kuhn 1995), raw-material availability 
(Andrefsky 1994; Bamforth 1986), and the structure of food and prey (Bleed 1986; Kelly and Todd 1988; 
Torrence 1983). Because mobility and provisioning strategies varied according to age, sex, and status (Bliege-
Bird 1999; Kelly 1995), the tools of men and women were not alike and responded differently to change.

Curated and expedient tools represent two ends of a spectrum of choices about how tools were acquired 
and treated (Shott 1996). Curated tools that were transported away from their sites of use and maintained to 
maximize their utility before eventually being lost or discarded. These technologies are conventionally as-
sociated with the logistical task of acquiring food or materials elsewhere and returning with them. Expedient 
tools were manufactured, used, and discarded at the sites of use—a strategy Binford (1977) associated with 
residential mobility, or the movement of people to resources. A major obstacle in using the concepts of cu-
rated and expedient tools to interpret hunter-gatherer settlement patterns is the fact that raw-material scarcity 
or abundance affected collectors and foragers alike. Increased curation is to be expected in areas devoid of 
suitable rocks, and in those cases, residentially mobile foragers also “curated” their tools (Bamforth 1986).

The technological organization of hunter-gatherers has also been described in terms of provisioning 
strategies. Kuhn (1995) distinguished two solutions used by people to predict the locations of tools and re-
sources: the provisioning of individuals and the provisioning of places. Highly mobile foraging required 
constant planning and readiness to capture, gather, and process future resources, especially the knowledge, 
raw materials, and tools required to do so. Ideally, a forager’s tools should have done a lot of work for the 
energy invested in making and carrying them. The provisioning of people was necessary in order to imme-
diately and efficiently harvest the resources encountered while moving, and it is associated with formal tools 
made from high-quality raw materials. Formal tools required more manufacture than expedient tools and 
produced diagnostic tailings, often biface-thinning flakes and vesicular-basalt flakes, in the cases of flaked 
stone and ground stone tools, respectively.
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The preparation required by high mobility is contrasted to the nonpreparation afforded by sedentism or 
habitual site reuse, which allowed foragers to gradually provision places with the raw materials needed to 
collect resources there or elsewhere. The cost of provisioning individual foragers was mitigated by increasing 
the utility of a transported tool kit relative to its weight. Kuhn (1994) reasoned that mobile tool kits should 
be composed of tools or tool blanks rather than cores, because they possess more edge per volume and be-
cause cores contain excess baggage. The provisioning of places is linked to logistically organized settlement 
systems and is expected to favor expedient tools (Kuhn 1995). Informal, large cores; the accumulation of 
local raw materials; and the disposal of tools before they broke or wore out are some of the things expected 
at places provisioned by logistically organized hunter-gatherers. The provisioning of both individuals and 
places is predicted to have occurred within long-distance logistical land-use systems. The fact that foragers 
“geared up” and collectors sometimes used expedient tools is key to understanding technological systems 
that have been blurred by the archaeological record. 

Evolutionary models of ground stone tools have focused on the efficiency of processing plant foods, es-
pecially as measured by grinding-surface area (Hard et al. 1996; Mauldin 1993) and design investment (Ad-
ams 2002). One analytical obstacle affecting predictive models in regard to ground stone tools and forager 
mobility relates to the fact that ground stone tools do not obey the same rules as flaked stone tools. Unlike 
the typical biface or core, ground stone tools were highly durable and may have been useful for years; so, 
their potential utility could have greatly exceeded their cost. Formal modifications and improvements to “site 
furniture,” such as usable metates, should have been favored in situations in which the time spent making a 
better tool reduced the time it took to grind the same quantity of seeds with an unimproved tool. Buonasera 
(2012) pointed out that this condition would always have favored the manufacture of formal ground stone 
tools if modification increased their efficiency.

Falcon Landing offers a unique opportunity to examine hunter-gatherer energy investments in individual- 
and site-provisioning strategies, because all of the stone tools at the site were transported there. Using that as 
a starting point, the male- and female-oriented stone tools at Falcon Landing were evaluated as a technology 
under high selective pressure. Describing how the tools were chosen, transported, manufactured, used, and dis-
carded provides information about site-provisioning strategies that related to human subsistence, land-use pat-
terns, and the sexual division of labor before and after the introduction of maize farming to the U.S. Southwest. 

Middle Archaic Period Collections and Analysis

The lithic technologies of regional Middle Archaic period groups have been described within a cultural-
historical framework that is pervasive in discussions of spatial and temporal variability. In southeastern 
Arizona and west-central New Mexico, Archaic period tools have conventionally been described within 
the typological context of the Cochise culture (Irwin-Williams 1979; Sayles and Antevs 1941), namely the 
Chiricahua phase. In western Arizona and the lower Colorado River region, Middle Archaic period sites are 
typically described as part of the Amargosan culture sequence (Rogers 1939), specifically the Amargosa II 
phase. Much of the Sonoran Desert is between these culture areas, and deciphering whether Middle Archaic 
period artifacts are Cochise or Amargosan was a major theme of the excavations at Ventana Cave, where the 
co-occurrence of Cochise- and Amargosan-tradition projectile points was represented by the Chiricahua–
Amargosa II component (Haury 1950). Since that time, McGuire (1982:178) has explained some of the adap-
tive and technological differences between the Amargosan and Cochise cultures in terms of environmental 
gradients, arguing that the Chihuahuan Desert grasslands of southeastern Arizona accommodated a greater 
reliance on grasses and agave, whereas the hyper-arid Papaguería provided succulents and especially mes-
quite. Following Huckell (1995), this chapter distinguishes the San Pedro and Cienega phases of the Late 
Archaic/Early Agricultural period from the preceding Chiricahua phase of the Cochise cultural sequence.

A variable assortment of hafted bifaces, including Gypsum, Elko, Pinto/San Jose, and Cortaro projectile 
point types, is a hallmark of Middle Archaic period sites (Huckell 1996; Sayles 1983), but the namesake form 
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is a side-notched point recognized as the Chiricahua type (Dick 1965:30; Sayles 1983:75). The geographic 
distribution of unequivocal Chiricahua-type projectile points is unclear because of morphological ambigui-
ties with adjacent styles, but McGuire (1982:177) observed them in collections from the lower Colorado 
River region (Rogers 1939:Plate 16). Late Archaic period occupations can be signaled by the widespread 
appearance of large corner-notched points that define the San Pedro phase of the Cochise culture. Cienega-
type projectile points mark the diminution of corner-notched points, the appearance of ceramic containers, 
increased sedentism, economic intensification, agrarian population increases, and increased social complex-
ity during the Early Agricultural period (Huckell 1996; Kohler et al. 2008; Mabry 2008). 

Knowledge about Middle Archaic period technologies in the Sonoran Desert is based on a short list of 
projects that have resulted in significant collections, generally at sites that indicated multiple occupations 
by geographically disparate groups. Large, single-component Chiricahua phase lithic assemblages are not 
known, but important Middle Archaic period collections containing Chiricahua phase projectile points have 
been described from Cave Creek and Whitewater Draw (Sayles 1983; Sayles and Antevs 1941), Ventana 
Cave (Haury 1950), the Picacho Dune Field (Bayham et al. 1986; Shackley 1986), the Harquahala Valley 
(Bostwick 1988), the middle San Pedro and middle Santa Cruz River valleys (Gregory, ed. 1999; Whalen 
1971), the Mogollon Mountains (Dick 1965), and a limited number of surface sites on the upper piedmonts 
of the Santa Rita (Huckell 1984a) and Santa Catalina (Agenbroad 1970) Mountains (Figure 37). Late Ar-
chaic period collections from several sites in the middle Santa Cruz and upper San Pedro River basins have 
been described and synthesized (Huckell 1988; Sliva 2005). This section provides a concise summary of 
important Chiricahua phase collections in relation to widespread impressions about lithic technological or-
ganization and change during the transition to sedentary village life. 

Cave Creek Midden and Whitewater Draw

The Chiricahua phase type site, Cave Creek Midden (G. P. Chiricahua 3:16), is located in the Chihuahuan 
Desert grasslands, on the eastern flank of the Chiricahua Mountains (see Figure 37). The site was excavated 
by the Gila Pueblo Archaeological Foundation as part of a project initiated in 1935 to investigate the asso-
ciation of ground stone tools with late Pleistocene faunal remains, as witnessed by Byron Cummings at the 
Double Adobe site (Thompson 1983:1). The project incorporated aerial reconnaissance and pedestrian sur-
veys to locate 70 Archaic period sites in Cochise County, Arizona, and another 30 sites in the surrounding 
area. Originally reported by Sayles and Antevs (1941), Cave Creek Midden was one of four phases ultimately 
recognized during what is now generally regarded as the Middle Archaic period (Huckell 1996). The lithic 
technology of the Cochise culture is based on roughly 4,000 tools from principally four type sites. Sayles 
(1983) described 40 artifact types identified in the analysis, 5 related to plant processing, and 3 related to 
hunting. The Cave Creek Midden collection highlighted by Sayles (1983) was somewhat of an abstraction 
of the major themes for the Chiricahua phase documented there but also at several other Archaic period sites 
exposed along Whitewater Draw.

In the Cochise cultural chronology, the Chiricahua phase is distinguished by the appearance of more 
formalized and abundant ground stone, including the mortar and pestle; basin metates, rather than the pre-
vious slab variety; shaped manos; more-diverse flaked stone; and the appearance of side-notched projectile 
points between about 3,500 and 8,000 years ago (Sayles 1983:153). It is now apparent, however, that the 
beginning of the Chiricahua phase may have been closer to 3500 b.c. (Waters 1986; Whalen 1971). From 
Cave Creek and Whitewater Draw, Sayles (1983:114–124) described slab and basin metates, shaped manos, 
mortars, pestles, and hammerstones, as well as choppers, planes, high-domed scrapers, end and side scrapers, 
bifaces, and projectile points and rare gravers, perforators, and drills, accompanied by a core-flake-reduction 
technology. Unique among the tools was the “proto-pestle,” described as a shaped handstone characterized 
by one convex end and one flat end that were polished from use (Sayles 1983:Figure 6.20). These traits 
were subsequently identified at several sites concentrated between the upper Gila River and Ventana Cave, 
as described below.
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Bat Cave

Located on the Plains of San Augustin, 10 miles southeast of the small town of Horse Springs, Catron County, 
New Mexico (see Figure 37), and overlooking pluvial Lake San Augustin at an elevation of 6,906 feet AMSL, 
the Bat Cave excavations were undertaken between 1947 and 1950 (Dick 1965). The primary purpose of the 
archaeological research was the examination of the Archaic period origins of the Mogollon culture (Haury 
1936) and the validity of the Wet Leggett complex of the Cochise culture in the Pine Lawn Valley as a local 
expression of the Cochise culture (Martin et al. 1949). Haury and Sayles (1947) also used the presence of 
San Pedro points during the Hilltop and Cottonwood phases of the Mogollon culture to argue for a direct 
relationship between the San Pedro phase of the Cochise culture and the Mogollon culture. Dick (1965:1) 
ultimately concluded that the Bat Cave excavations substantiated the assertions of Martin and Haury in re-
gard to a Cochise origin for the Mogollon culture. 

In addition to that, and based on Ernst Antevs’s (1948) interpretation of the stratigraphic records at both 
Bat and Ventana Caves and their paleoenvironmental implications, a very close correspondence between the 
stratigraphic records and their climatic implications in terms of the then-newly proposed Neothermal ages was 
drawn (Antevs 1948). The closeness of the correspondence between the two cave records was described as 
follows: “Geologically the deposits at Bat Cave are duplicated in Ventana Cave in south central Arizona. The 
dates assigned to the Ventana deposits by Bryan agree to within a 500-year latitude” (Haury 1950:119–126).

Also of importance was the examination of projectile-point-production age ranges based on the strati-
graphic occurrence of projectile points throughout the Bat Cave deposits. Particularly important were the 
recognition and also the duplication of the general sequence of Chiricahua-style points predating San Pe-
dro–style dart points, as documented previously at Cave Creek Midden and Whitewater Draw (Sayles and 
Antevs 1941) and then at Ventana Cave (Haury 1950; Huckell and Haynes 2003). Co-occurring with the 
Chiricahua-style dart point at Bat Cave were Types 5 and 9 (Dick 1965:Figure 24). Type 5 is a triangular, 
corner-notched dart point with a straight base that matches the Elko Corner-notched type in form and age as 
originally defined for the Great Basin by Heizer and Baumhoff (1961:128; see also Holmer 1986). Type 9 
exhibits a generalized triangular blade form and a shallow, concave base very similar in form and age to the 
Cortaro dart-point form of southern Arizona (Roth and Huckell 1992). The Cortaro point is of particular 
interest because of its repeated association with maize remains radiocarbon dated to ca. 2100 b.c. from the 
Santa Cruz River in Tucson (Gregory, ed. 1999; Mabry 2008). 

Bat Cave figures prominently in the history of research concerning early maize in the New World. Maize 
remains were abundant in the cave deposits and included 766 shelled cobs, 125 loose kernels, 8 husk frag-
ments, 10 leaf sheaths, and 5 tassels or tassel fragments distributed through Cave Levels VI–I and representing 
a distinct evolutionary sequence (Mangelsdorf and Smith 1949:243–244). Using conventional radiocarbon 
dating, Dick (1965:93–95) argued that the maize was available to the occupants of Bat Cave no later than 
3049 b.c. That date, however, was not a direct date on the maize remains themselves; rather, it was obtained 
from other charred plant material from the oldest layer containing maize remains. Later, direct dating of the 
maize indicated that maize was first available to the site occupants as early as 1523–1132 cal. b.c., at the 
95 percent confidence interval (Wills 1988:Table 18). Regardless of the precise timing, the association at 
Bat Cave of early maize with what are now known to be clear Middle Archaic period point types, such as 
Chiricahua and arguably Cortaro, is certain. Although the Middle Archaic period age of the Bat Cave maize 
has been refined, the role that Bat Cave played in the thinking of mid-twentieth-century archaeologists of 
the U.S. Southwest cannot be understated. In particular, of all the site excavations in the lower U.S. South-
west, Bat Cave contributed perhaps most significantly to our discipline’s earliest thinking about the origins 
of agriculture and the articulation of the Chiricahua phase of the Cochise culture with the transmission of 
maize into the U.S. Southwest. 
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Lone Hill

The Lone Hill site (AZ BB:10:17 [ASM]) is a surface site at the base of Lone Hill, a prominent landform 
along the eastern bajada of the Santa Catalina Mountains (see Figure 37). Lone Hill would have functioned 
as an excellent vantage point for Archaic period groups in the region and is about 8 km (5 miles) west of the 
San Pedro River. The Lone Hill site was systematically investigated by Agenbroad (1970) through placement 
of an approximately 650-by-400-foot grid over the surface expression of the site. The grid was subdivided 
into 10-by-10-foot study units, and a random sample of 135 squares was surface collected. Artifacts recov-
ered from the grid squares included 68 manos, 35 metates, 165 projectile points, 52 scrapers, 28 unifaces, 
24 bifaces, 14 cores, 2 drills, a hammerstone, a stone disk, and over 13,000 pieces of debitage (Agenbroad 
1970:15–68). Nearly 30 hearths or rock concentrations were also identified by Agenbroad (1970:14), many 
of which were test-excavated for datable material.

Directly dating the site proved difficult. Charcoal recovered from a single hearth was radiocarbon dated 
and demonstrated use of the site during the Protohistoric period (ca. a.d. 1650). A thermoluminescence date 
was obtained from another hearth and provided a date of ca. 5700 b.p. (Agenbroad 1970:70), corresponding 
to the Early Archaic period. Using projectile points as an indirect-dating method, Agenbroad assigned the 
Lone Hill site to the Chiricahua phase of the Cochise culture based on the similarity of materials to those re-
ported by Sayles and Antevs (1941). Of the 96 projectile points classified by type at the Lone Hill site, over 
60 percent corresponded to Middle Archaic period styles, such as Pinto/San Jose, Chiricahua, and Gypsum.

An overwhelming majority of tertiary or bifacial-reduction debris was present, indicating that the occu-
pants of the Lone Hill site likely reduced cores off-site and transported bifaces or bifacial cores to the site. 
All the manos recovered were the one-handed variety, and almost all the metates were basin shaped. The 
abundance of biface debris and the relatively high numbers of flaked stone and ground stone tools led Agen-
broad (1970:72–73) to argue that the Lone Hill site was either an extended occupation or a seasonal camp 
occupied repeatedly for the purposes of obtaining and processing animal and plant resources; he interpreted 
the number of inverted metates as an indication of anticipated return. The Lone Hill site is an example of 
a similar circumstance recognized by Whalen (1971) along the San Pedro River in which Middle Archaic 
period groups moved between the bajada and riparian areas on a seasonal basis. For example, the Lone Hill 
site is approximately 4 km (2.5 miles) east of Mesquite Flat Spring, a well-known spring that is still active 
today. Middle Archaic period groups were undoubtedly tethered to such springs and utilized other upper-
bajada resources in the Santa Catalina Mountains, such as piñon nuts and artiodactyls (deer), in the fall and 
winter months, exploiting riparian resources along the San Pedro River during warmer months.

San Pedro Valley

In the San Pedro Valley, Whalen (1971) recorded 90 sites in a 100-square-mile survey area between the Whet-
stone Mountains and the San Pedro River (see Figure 37). Eighty-two of the sites were considered Archaic 
period, or “non-ceramic” (Whalen 1971:104). Whalen selected 12 of the Archaic period sites for study, and 
those sites underwent surface collection and detailed analysis. Whalen (1971:106) selected 6 sites located 
on the upper bajada of the Whetstone Mountains (i.e., bajada sites), and the other 6 sites were located on 
the terrace above the San Pedro River (i.e., riverine sites). Over 47,000 lithic artifacts were collected from 
the 12 sites, including over 900 bifaces, blades, choppers, drills, knives, projectile points, scrapers, and 
used flakes. Fewer than 60 ground stone items were collected and represented both mano and metate frag-
ments. Whalen (1971:199) categorized the sites into Chiricahua phase (n = 6), San Pedro phase (n = 3), and 
unknown (n = 3) based on the presence of diagnostic Chiricahua and San Pedro projectile points. No other 
projectile point types were identified. Whalen also identified hearths at several of the sites, but none was 
systematically excavated. 

Using data from the 12 sites, Whalen (1971, 1975) was able to distinguish interesting patterns, particularly 
in regard to settlement, technology, and site function. Whalen (1971:199–200) divided the 12 sites into two 
functional categories: work camps and base camps. Following Binford and Binford (1966), base camps were 
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considered more-permanent locations dedicated to food preparation and tool manufacture, and work camps 
were considered more temporary resource-extraction locations used for hunting or plant-food procurement 
or as stone-quarrying locales. Overall, 4 Chiricahua phase sites were located on the upper bajada, with 2 in 
riverine settings. The Chiricahua phase sites were also evenly distributed by site type: the 4 bajada sites were 
2 base camps and 2 work camps. The Chiricahua phase sites along the river were 1 base camp and 1 work 
camp. Two of the San Pedro phase sites were located on the bajada: 1 base camp and 1 work camp. One San 
Pedro phase base camp was located in a riverine setting. All 3 sites of indeterminate age were located along 
the river, and they were identified as 2 work camps and 1 base camp (Whalen 1971:199–200). A 6–10-km-
wide strip of middle bajada landform was “practically devoid of sites” (Whalen 1975:205).

Whalen (1971:204) argued that the presence of large and small sites in two distinct environmental zones 
indicated that Archaic period groups utilized a wide range of biotic resources on a seasonal basis. Whalen 
also recognized that sites situated on the bajada were more numerous and represented much-more-intensive 
occupation. The primary reason for the disparity between settlement locations was believed to have been as-
sociated with the potential resources available in the two locations, as well as the activities associated with 
utilizing those resources. The seasonal availability of piñon nuts and artiodactyls (deer) in the upland zones 
would have been attractive to Archaic period groups. As a result, sites located in upper-bajada settings repre-
sent a greater diversity of activities and more-intensive occupations associated with gathering piñon nuts and 
hunting deer. They may also represent successive occupations, perhaps locations where different family groups 
converged to participate in social interactions beyond the normal familial group (Whalen 1971:205–208). 

The bajada-riverine dichotomy first recognized by Whalen (1971, 1975) along the San Pedro River was 
an important aspect of Archaic period settlement and land use. Whalen’s analysis of Cochise sites set the 
stage for future analyses by researchers who have studied the Middle and Late Archaic/Early Agricultural 
period in southern Arizona (see Diehl, ed. 2005; Huckell 1995; Premo and Mabry 2003; Roth 1989, 1996; 
Roth and Freeman 2008). The dual upland-lowland settlement pattern and economic variability have also 
been recognized in other areas (see Matson 1991; Wills 1988) and stand as a persistent model of Middle and 
Late Archaic period land use in the U.S. Southwest. 

In 1992, SWCA conducted subsequent survey and testing of multiple sites grouped together as AZ  
EE:3:28+ (ASM) on the upper bajada in the vicinity of Kartchner Caverns State Park (Phillips et al. 1993). 
Using backhoe trenches, test units, and surface surveys, SWCA identified four prehistoric surface features 
described as roasting pits or hearths. Test pit excavations did not identify subsurface features, but a small 
amount of flaked stone debris was encountered in shallow sediments resting on rock or an argillic horizon. 
Surface collections resulted in the “mass analysis” of 34,305 pieces of debitage, and formal analysis of 581 
flaked stone tools. Ceramic artifacts numbered 192 sherds, mostly plain wares. Ground stone artifacts were 
rare, consisting of only 27 manos or metate fragments, and faunal specimens consisted of 54 fragmentary 
and burned bones, mostly of artiodactyls. The dominant activity at the site was flaked stone tool refurbish-
ment, quarrying, and biface production using locally available cherts. Numerous styles of Archaic projec-
tile points were identified at the site, especially Pinto (n = 12) and tapering stemmed (n = 7), with only rare 
examples of Chiricahua (n = 1), San Pedro (n = 2), Cortaro (n = 1), and Elko (n = 1) points.

Ventana Cave

One of the best records of Archaic period occupation in the U.S. Southwest came from the stratigraphy of 
Ventana Cave (Haury 1950). Located almost due south of LAFB, at a distance of about 130 km (80 miles) 
(see Figure 37), Ventana Cave had a sequence of occupation from the late Paleoindian period through the 
Historical period Tohono O’odham. Over 11,000 stone artifacts were recovered form Ventana Cave, includ-
ing an impressive number of stone tools and projectile points. The stratigraphy of Ventana Cave was divided 
into three main culture-bearing layers: the Volcanic Debris, the Red Sand layer, and the Midden (Haury 
1950:Figure 8). Materials from the lowest layer in the cave, the Volcanic Debris, were designated by Haury 
(1950:176–199) as the Ventana complex and contained 2 projectile points (1 quartz leaf-shaped point and 
1 basalt concave-base point identified as Folsom), 11 knives, 63 scrapers, 3 gravers, 3 choppers, 6 planes, 
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1 hammerstone, and 1 mano. The age of the Volcanic Debris has since been reevaluated to coincide with the 
late Paleoindian or Early Archaic period (ca. 10,500–8800 b.c.), and the possible Folsom point has been rein-
terpreted as a late Paleoindian Plains or Great Basin nonfluted, lanceolate form (Huckell and Haynes 2003). 
Overlying the Volcanic Debris is the Red Sand layer, which contained 7 knives, 22 scrapers, 4 planes, and 
21 leaf-shaped and stemmed projectile points. Haury (1950:294) attributed this layer to the Ventana–Ama-
rgosa I complex, based on the projectile points and their similarity to Rogers’s (1939) finds in the Mojave 
Desert. The points were later interpreted as possible Great Basin Stemmed or Jay points (Freeman 1999). 
Above the Red Sand layer was a large, massive midden deposit that was divided into a lower “moist” mid-
den and an upper “dry” midden. 

The Midden layer contributed about 99 percent of the stone artifacts collected from Ventana Cave, in-
cluding over 3,000 unifaces (planes, scrapers, gravers, and flake knives) and over 4,000 bifaces (including 
over 2,000 projectile points and knives). The high numbers and proportions of scrapers and planes led Haury 
(1950:207–212) to postulate a heavy use of woodworking and animal-hide processing during the Archaic 
period. These tools were predominantly manufactured from volcanic cobbles and exhibited significant edge 
modification. Ground stone items included over 1,000 manos and 2,000 metates (particularly basin metates) 
as well as several miscellaneous ground stone items, such as pipes, axes, pendants balls, beads, and rings. 
Interestingly, 114 pestles were recovered from the Midden, but only 2 stone mortars were found. The cave 
contained a small concentration of bedrock mortars. The pestles included cylindrical, conical, well-shaped, 
and unshaped varieties. 

Despite significant mixing of the upper midden deposits, Haury (1950:338–341, Plate 22) arranged 
the diagnostic projectile points into temporal categories based on the different levels excavated through the 
Midden. The base of the Midden (Levels 5–8) contained Middle Archaic period projectile points, includ-
ing San Jose/Pinto, Chiricahua, Gypsum, and possibly Cortaro points. Haury attributed those points to the 
Chiricahua–Amargosa II (Pinto) complex associated with sites investigated in the western deserts (Camp-
bell and Campbell 1935; Harrington 1933). The upper portion of the “moist” midden (Levels 3–5) was con-
sidered by Haury to represent the San Pedro complex defined by Sayles and Antevs (1941) and contained 
numerous San Pedro and Cienega points. Haury (1950:294–296) observed that the stratigraphic ordering of 
projectile points throughout Ventana Cave correlated well to the projectile point forms established by ear-
lier archaeological investigations in the Great Basin, the Mojave Desert, and southeastern Arizona (Camp-
bell and Campbell 1935; Harrington 1933; Sayles and Antevs 1941). Haury (1950:296–297) also pointed 
out that San Pedro points were found immediately below the ceramic horizon, at the boundary between the 
moist and dry portions of the midden. At that subtle stratigraphic break, Haury recognized, the San Pedro 
points marked a sharp contrast to the preceding Amargosa II point forms, and the use of San Pedro points 
likely persisted into the early Christian era, with agriculture likely beginning around the same time. Finally, 
the dry, upper midden deposit (Levels 1 and 2) as well as the surface of Ventana Cave contained Hohokam, 
Protohistoric period, and Historical period Tohono O’odham remains.

Haury (1950:544) formed the impression that plant gathering and processing exceeded hunting in impor-
tance during the Chiricahua–Amargosa II phase, but a reexamination of the fauna by Bayham (1982) showed 
a linear increase in the proportion of artiodactyls in the site fauna. The gradual selection of large game is 
interpreted to reflect the transition from residential mobility during the Middle Archaic period to increas-
ingly logistical mobility strategies thereafter as sedentary village life developed in the floodplains. The shift 
toward larger game was accompanied by an increase in projectile points, bifaces, and flake knives, and ma-
nos and metates became proportionally fewer. Ventana Cave may have been a base camp during the Middle 
Archaic period, but by Hohokam times, it was a logistical hunting/foraging camp (Szuter and Bayham 1989). 

Rosemont Sites

Between 1975 and 1982, the ASM conducted the archaeological mitigation for the proposed ANAMAX-
Rosemont mine, including an approximately 26-square-mile land exchange in the northern Santa Rita 
Mountains (Huckell 1984a) (see Figure 37). Numerous sites were identified in the Rosemont area that were 



 100

Archaic period in age or had Archaic period components. Of those, 10 Archaic period sites were thoroughly 
investigated by Huckell (1984a) in the Rosemont area, including the Wasp Canyon site (AZ EE:2:62 [ASM]), 
the South Canyon site (AZ EE:2:82 [ASM]), the McCleary Canyon site (AZ EE:2:102 [ASM]), and the 
Split Ridge site (AZ EE:2:103 [ASM]), among others. Two other Archaic period sites were excavated in 
the Sycamore Canyon area (AZ EE:2:100 [ASM] and AZ EE:2:101 [ASM]) by Tagg et al. (1984), and that 
study also included the investigation of 7 lithic-quarry sites.

Just under 8,000 flaked stone and ground stone artifacts were recovered from the 10 Archaic period 
sites in the Rosemont area, including debitage, scrapers, cores, unifaces, bifaces, perforators, cobble tools, 
and projectile points as well as manos, basin and slab metates, and small mortars. Features attributed to the 
Archaic period occupations included ephemeral structures, rock clusters, pits, hearths (rock-filled pits), and 
artifact concentrations. The Archaic period sites investigated in the Rosemont area included Early, Middle, 
and Late Archaic period remains, based on the analysis of the diagnostic projectile points. Diagnostic point 
types included several tapering-stemmed points indicative of Early Archaic period forms, including Great 
Basin Stemmed points described by Layton (1979), a possible Silver Lake point similar to that described 
by Amsden (1937), and a few possible Jay points as originally described by Irwin-Williams (1973). Middle 
Archaic period occupations were defined by the presence of Pinto/San Jose, Gypsum, and Chiricahua pro-
jectile points. Finally, the presence of San Pedro and Elko projectile points demonstrated several Late Ar-
chaic period occupations, as well. At the Split Ridge site, in particular, several untyped Late Archaic period 
projectile points were later designated as Cienega points by Huckell (1995:52), and others were later inter-
preted as Empire points by Sliva (2005:95). 

At the two Sycamore Canyon sites, Tagg and Huckell (1984a) excavated several large rock concentrations 
and roasting pits, including a possible rock-lined structure. Approximately 3,000 flaked stone and ground 
stone artifacts were recovered from the two Sycamore Canyon sites, including debitage, cores, scrapers, 
unifaces, bifaces, and perforators as well as manos, metate fragments, and pitted stones. Excavations also 
recovered several Early, Middle, and Late Archaic period projectile points, including numerous triangular 
concave-base points that Roth and Huckell (1992) later defined as Cortaro points. Other points included 
possible Pinto and possible Great Basin Stemmed points as well as Chiricahua and Cienega points (Tagg 
and Huckell 1984a:Figure 2.20). Lithic-quarry sites investigated by Ervin and Tagg (1984) demonstrated 
that the prehistoric inhabitants of the northern Santa Rita Mountains practiced opportunistic lithic procure-
ment of bedrock and in secondary-cobble quarries. For example, silicified limestone was heavily exploited 
from a select few bedrock exposures, and a more casual exploitation of abundant secondary quartzite and 
metasediment alluvial cobbles was identified throughout the natural ridge surfaces in the Rosemont area 
(Ervin and Tagg 1984:57–59). 

Overall, the Archaic period sites in the northern Santa Rita Mountains produced some of the first evi-
dence of Archaic period occupations in montane settings. Of particular importance was the identification of 
several possible Early Archaic period occupations containing tapering-stemmed projectile points (Huckell 
1984a:257). The northern Santa Rita Mountains are rich in economic resources. The Rosemont sites were 
in proximity to dependable sources of water, diverse plant communities, populations of large- and small-
game animals, and ample raw lithic materials (Huckell 1984a:238–248). Using the diversity of tools per site, 
Huckell (1984a:235–236) was able to assign functions to different sites. For example, the Wasp Canyon and 
McCleary Canyon sites contained abundant bifaces, scrapers, and projectile points, indicating that hunting 
and hide processing were important activities. Conversely, the South Canyon site had a nearly even distribu-
tion of tool types, indicating a more generalized mixture of activities such as hunting, plant-food processing, 
and tool manufacture. Thus, Huckell was able to demonstrate the presence of specialized multiple-activity 
sites, unspecialized multiple-activity sites, and limited-activity sites. Huckell (1984a:253–255) also identi-
fied trends in settlement location. Early and Middle Archaic period sites tended to be located in the upper 
elevations, and Late Archaic period sites tended to be situated in lower elevations on the bajada. 
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Picacho Reservoir

Along the lower bajada of the Picacho Mountains (see Figure 37) are several sites with Middle Archaic pe-
riod components that were excavated for the Tucson Aqueduct Project in the 1980s (Bayham et al. 1986). 
Data from the Picacho Reservoir Archaic Project became the first solid archaeological evidence of Middle 
Archaic period occupation in the immediate vicinity of the Phoenix Basin. Three distinct Middle Archaic 
period occupations were apparent at Picacho Reservoir, including the Buried Dune sites (AZ AA:3:15 [ASU] 
and AZ AA:3:16 [ASU]), the Arroyo site (AZ AA:3:28 [ASU]), and the Gate sites (AZ AA:3:8 [ASU] and 
AZ AA:3:9 [ASU]). The Buried Dune sites were situated in a lower-bajada environment that was covered 
by aeolian sand forming a small dune field. Radiocarbon dates for the Buried Dune sites clustered around 
4300 b.p. (ca. 3480–2420 cal. b.c.) (Bayham et al. 1986:Appendix A). The Buried Dune sites had a rela-
tively low diversity of lithic tools as well as a preponderance of nonlocal material types. Palynological data 
suggested that the Dune sites were occupied during winter or early spring and that the Buried Dune sites 
represent an ephemeral, single-component, short-term field camp that was likely occupied during the win-
ter months (Bayham and Morris 1986:369). The Arroyo site, on the other hand, is located along the banks 
of an arroyo to the south of the Buried Dune sites. Radiocarbon dates for the Arroyo site were derived from 
a substantial midden and fell between 4950 and 3650 b.p. (ca. 3875–1730 cal. b.c.) (Bayham et al. 1986:Ap-
pendix A). Lithic-raw-material selection at the Arroyo site indicated the use of a local felsite quarry and 
represented a more generalized assemblage of tools and debitage. These data suggest that the Arroyo site 
represents a more intensive long-term base camp that was occupied during the summer and fall (Bayham 
and Morris 1986:369). The Gate sites were located farther to the east, in an alluvial plain south of Brady 
Wash. The modern vegetation at the Gate sites consisted of predominantly saltbush and wolfberry, simi-
lar to the vegetation at LAFB. Radiocarbon dates from the Gate sites ranged between 4900 and 4100 b.p. 
(ca. 3895–2415 cal. b.c.) (Bayham et al. 1986:Appendix A). The Middle Archaic period components of the 
Gate sites were interpreted as a hunting and gathering base camp. 

Ground stone artifacts recovered from Picacho Reservoir were predominantly one-handed manos and 
slab metates. Much of the ground stone had also been burned, indicating reuse of exhausted or broken ground 
stone items as thermal mass. Interestingly, three ground stone items from the Gate sites were categorized 
by Morris (1986:261) as “mullers,” and the descriptions of these artifacts were strikingly similar to those of 
the Lukeoliths identified in the Luke Solar project area. The mullers were extensively shaped; had broad, 
rounded ends; and were worked, both bifacially and on the ends. Morris interpreted the mullers as imple-
ments used to crush materials in a circular motion, rather than through the pounding action of a pestle or 
the grinding motion of a mano. 

Chiricahua projectile points constituted the most numerous type at Picacho Reservoir, and similar to 
those in the Luke Solar project collection, exhibited a significant amount of resharpening. Importantly, the 
buried archaeological contexts at the Buried Dune sites were associated with primarily Pinto/San Jose–style 
projectile points, whereas the Gate sites and the midden at the Arroyo site contained primarily Chiricahua-
style projectile points (Bayham 1986a:225–238). The distinctive projectile point styles recovered from the 
discrete site locations were crucial observations. The mutually exclusive projectile point styles suggest dis-
parate subsistence and mobility strategies as well as possibly discrete socioeconomic groups (Bayham and 
Morris 1986:371–372). The Arroyo and Gate sites are considered to have been intensive or repeated occupa-
tions by Chiricahua-point-using groups. The Buried Dune site is considered to have been a short-term field 
camp associated with Pinto/San Jose points. 

Northern Tucson Basin

The Tucson Basin Survey was performed to address the topic of Late Archaic settlement and subsistence 
patterns between the Picacho, Tortolita, and Tucson mountains. Combining previous investigations and new 
surveys and excavations, Roth (1989) documented the distribution of Middle to Late Archaic sites across 
various environmental zones, including floodplain, terraces, and the lower and upper bajada. Late Archaic 
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sites were defined based on the presence of Cortaro, San Pedro, and Cienega type projectile points, with 
the largest sites also containing ceramic components. Using site size, artifact density, and artifact diversity 
indices, Roth (1989:138) defined large and small multiple activity sites, limited activity sites, and lithic pro-
curement sites. Catchment analysis was used to demonstrate that Late Archaic sites along the Santa Cruz 
River and in the Tortolita Mountains provided easy access to multiple ecological zones.

 A total of 34 Late Archaic sites bearing diagnostic projectile points were located during the project, 
with sites occurring either in the Santa Cruz River floodplain and on its terraces and along its tributaries or 
on the upper bajada of the Tucson Mountains and, especially, the Tortolita Mountains. Roth (1989:157) at-
tributes the high density of sites on the upper bajada to good site visibility and the presence of springs and 
upland riparian habitats. With the exception of a Late Archaic feature at the Dairy site, Archaic evidence on 
the lower bajada was limited to isolated finds. 

Excavations were performed at two sites. Located in the vicinity of a spring on the upper bajada of the 
Tortolita Mountains, site AA:12:84 (ASM) contained 68 stone tools on its surface, including 2 Pinto, 3 San 
Pedro, and 3 Cienega projectile points, as well as 3 manos and 2 slab metates. Ten 2-by-2-m excavation units 
yielded two possible Late Archaic features that contained, collectively, one unidentified mammal bone frag-
ment and palo verde, mesquite, cholla, and saguaro charcoal, as well as hedgehog cactus seeds. Deer, rab-
bit, canid, and desert tortoise bones were identified in nonfeature excavations. Excavated flaked stone tools 
included three additional Cienega points and one San Pedro point, as well as bifaces, scrapers, retouched 
flakes, cores, and a chopper. Two manos, two polishing stones, and two slab metates were included in the 
excavated ground stone collection. Based on data from this and other nearby sites, Roth (1989:183) inferred 
that most Late Archaic sites on the upper bajada were used as seasonal, short-term camps.

Excavations were also performed at the Cortaro Fan site (AZ AA:12:486 [ASM]), the Cortaro projectile-
point-type site (Roth and Huckell 1992) and the largest Archaic site in the study area. Thirty-two surface 
features were recorded, consisting of fire-affected rock (FAR) features, ground stone clusters, and activity 
areas containing a mixture of flaked stone, fire-affected ground stone fragments, and occasional faunal bone 
fragments. One midden contained ashy deposits as deep as 1.5 m below the surface. A total of 265 stone 
tools were collected from the surface. A total of 49 test units, most measuring 2 by 2 m, were excavated to 
recover an additional 124 stone tools. Survey, 20 backhoe trenches, and hand excavations revealed 14 sur-
face features and 18 subsurface features, mostly hearths and roasting pits, although three poorly preserved 
post holes were documented. Two San Pedro phase hearths yielded maize, but a wide variety of wild plants, 
including mesquite, cheno-ams, dropseed, and chia were utilized at the site. Rabbits, deer, rodents, and birds 
dominated the faunal collection. In contrast to upper bajada sites, the Cortaro Fan site indicates intensive 
use of floodplain settings during the Late Archaic (Roth 1989:201).

Four Middle Archaic sites were recorded as part of the Tucson Basin Survey, as indicated by the pres-
ence of Elko, Pelona, Pinto, and stemmed projectile points. An additional Middle Archaic site containing 
three Chiricahua points was recorded by Hewitt and Stephen (1981). All of the Middle Archaic sites were 
located in the Tortolita Mountains; evidence of Middle Archaic occupation in the Tucson Mountains and the 
Santa Cruz River floodplain was limited to isolated projectile points.

Harquahala Valley

Surface collection and excavation of eight sites as part of the Harquahala Valley Irrigation Project (HVIP), 
located approximately 65 km west/northwest of the Luke Solar project area (see Figure 37), documented 
the seasonal exploitation of local lower Sonoran Desert–subdivision resources through much of the Archaic 
period (Bostwick 1988). Somewhat in response to a need identified by Huckell (1979:133), primary HVIP 
research objectives were the systematic collection and detailed analysis of the total range of artifact types 
present, with the goal of contributing to a database of well-defined, diagnostic Archaic period artifacts. Data 
recovery consisted of the complete collection of all surface artifacts at each site; the excavation of 22 back-
hoe trenches, which indicated that the sites were almost entirely surficial; the excavation of randomly placed 
2-by-2-m excavation units; and the identification and sampling of a total of 18 shallowly buried features 
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distributed across the eight HVIP sites (Bostwick 1988:39). Very much like at Falcon Landing, the buried 
features primarily consisted of FAR clusters and also included a roasting pit, a hearth, a bone cluster, and a 
grinding station. The total HVIP artifact collection consisted of 6,256 flaked stone artifacts, 1,449 ground 
stone artifacts, 61 hammerstones, and 42 ceramic sherds. Most of those artifacts were recovered from the 
surfaces of the Lookout (AZ S:7:30 [ASM]) and Apothecary (AZ S:7:36 [ASM]) sites. 

Recovered Middle and Late Archaic period dart points were dominated by Chiricahua (n = 5) and, es-
pecially, San Pedro (n = 11) styles (Bostwick 1988:Table 7.6). A sixth Chiricahua point was also identifi-
able in the report by Bostwick (1988:Figure 7.12). Other point forms not attributed to type by Bostwick 
included what can be interpreted as 3 parallel-stemmed points that could be classified as Datil points (Bost-
wick 1988:Figures 7.10, 7.13, and 7.15). An Elko Corner-notched point (Bostwick 1988:Figure 7.13) and 
a Cienega point (Bostwick 1988:Figure 7.15) were also identifiable. Examination of the recovered cores 
and debitage indicated that initial core reduction was not conducted at the project sites and that middle to 
late bifacial reduction and biface refurbishing were primary site activities. Geochemical sourcing of 41 of 
44 collected obsidian artifacts revealed that the nearby Vulture source, located 32 km from the HVIP sites, 
was most often used, but a wide-ranging obsidian-procurement sphere may have been in operation at certain 
times, as evidenced by the presence of obsidian from seven additional sources, ranging from the Sauceda 
Mountains, to the south, to Tank Mountain, to the west; Partridge Creek, to the north; R S Hill, to the north-
east; and Burro and Mule Creeks, to the east. 

One-handed manos and slab metates composed nearly 67 percent of the extensive HVIP ground stone 
collection. No trough metates were recovered. Interestingly, 38 percent of the metates exhibited evidence of 
manufacturing via flaking. Thirteen pestles were recovered, primarily from the Apothecary site, from which 
7 of the 9 recovered specimens were complete. The rest of the ground stone collection consisted of abraders, 
lapstones, spheroids, a stone ball, and indeterminate metate fragments (Bostwick 1988:Table 137). Pollen 
and macrobotanical analyses focused on select excavated features, but neither analysis provided conclusive 
results concerning specific taxa used aboriginally at the sites. Overall similarities between the HVIP ground 
stone collection and the collections from Ventana and Bat Caves and from the Cochise-culture type sites 
were readily apparent, however (Bostwick 1988:165).

Los Pozos

The Los Pozos site, located in the floodplain of the middle Santa Cruz River (see Figure 37), is generally 
not included in discussions of significant Chiricahua phase collections, because the Middle Archaic period 
occupation there was assigned to an “unnamed interval” between 1200 b.c. and perhaps 2100 b.c. (Mabry 
2005a:51), and no Chiricahua-type points have been reported there. The Los Pozos site is located in the Ho-
locene floodplain and was investigated using 55 m2 of excavation across a deeply buried occupation. The 
occupation was characterized by lenses of ashy debris and five cooking features that contained lagomorph 
and artiodactyl bones, FAR, one core, and nine flakes, as well as one oxidized, shallow depression (Gregory, 
ed. 1999; Sliva 1999). The features indicated occupations between 2700 and 1900 b.c. (Gregory and Baar 
1999:28).

Sliva (1999) described 2,875 flaked stone artifacts from the Archaic period component, 95 percent of 
which were flakes. The flaked stone debris was characterized by mostly fine-grained local volcanic materi-
als, although several varieties of chert were represented amid the debitage. More than half the debitage was 
probably biface-thinning debris. The tools included small (“exhausted”) multidirectional and unidirectional 
bifaces, biface flakes, and rare biface cores (Sliva 1999:35–41). Only 6 flakes showed evidence of having 
been utilized, and retouched unifaces, including scrapers, were also scarce. The biface collection included 
mostly broken pieces made from local materials. The prevalent tool at the site was the projectile point, rep-
resented by 4 untyped side-notched points, 14 Cortaro points, and 2 distal fragments. The Cortaro points 
were so poorly executed that Sliva interpreted them to be a form of expedient knife/projectile point. One 
of the untyped side-notched projectile points (Sliva 1999:Figure 3.4d) appeared to be a Chiricahua point. 
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The site was interpreted to be a “gearing-up” site that was used by logistically organized hunting parties 
during the Middle Archaic period.

Middle Archaic Period Land Use and Technological Organization

Based on the sites and projects discussed above and many smaller sites and projects, a general model of 
Archaic period land use has emerged that sets the Middle Archaic period at the forager end of a long pause 
between the introduction of maize and the appearance of sedentary agricultural villages. The settlement pat-
terns modeled for Middle Archaic period groups in the basin-and-range landscape of the U.S. Southwest have 
focused on two environments: the basins and the ranges. A dual-zone pattern of seasonal transhumance has 
predicted the movement of highly mobile forager groups between summer-fall residential sites and winter-
spring hunting camps (Huckell 1996; Whalen 1971; Wills 1988). For the Tucson Basin, Roth and Freeman 
(2008) proposed a schedule involving the seasonal movement of Middle Archaic period foragers between 
floodplains and upper-piedmont/montane sites. In that construct, floodplain base camps witnessed late-spring 
occupations devoted to harvesting spring plants and mesquite, and by summer, Middle Archaic period groups 
moved onto piedmont slopes to collect saguaros at small sites, returning to the floodplains in late summer 
to exploit weedy annuals, grasses, and mesquite, until winter, when they moved into montane environments 
to collect nut masts and to hunt. The lower bajadas separating riverine and montane/upper-bajada environ-
ments do not rank as important human habitats or resources in these models.

The scale of Middle Archaic period mobility is imagined to have been large, based on obsidian-prov-
enance studies and ethnographic analogies (Roth 2000; Shackley 1986; Vierra 1994). The introduction of 
maize farming is expected to have decreased residential movements and favored the use of logistical task 
groups—a change in strategy that Mabry (2005b:12) argued was complete by the San Pedro phase in the 
Tucson Basin. Premo and Mabry (2003) used GIS data from more than 60 sites in the Tucson Basin to evalu-
ate Late Archaic/Early Agricultural period settlement patterns, concluding that a model including “farmer-
collectors” who occupied large villages in the floodplains and used logistical forays to exploit patchy, sea-
sonal resources at higher elevations best matched the bimodal distribution of sites.

The technological consequences of a drastic reduction in residential mobility during the Middle Archaic 
period are not evident in the stone tools. Middle and Late Archaic period lithic technologies have indicated 
strong continuity and have been characterized as indistinguishable, except for changes in projectile points 
(Dick 1965; Haury 1950; Huckell 1996; Sayles 1983; Sliva 2005). Shackley (1990:77) also noted that the 
diversity of informal flaked stone tools described in Middle Archaic period collections contrasts with the 
limited number of formal tool types, with the primary exception of projectile points. Sliva (2005:86–92) ap-
plied a forager-collector model to a substantial body of published data, exploring the frequency of bifaces and 
unifaces between the inferred site types, and concluded that a complementary tool set was used by Archaic 
period foragers and later agriculturalists alike during their seasonal rounds or task-oriented forays. Perhaps 
the only distinction between Middle and Late Archaic period flaked stone tools is the more frequent use of 
high-quality raw materials during the Middle Archaic period (Huckell 1996:355; Sliva 2001:103–104). These 
findings reinforce arguments that the incorporation of maize was a “non-event” in the lives of pre-ceramic 
foragers (Haury 1950; Martin et al. 1952; Minnis 1985). 

The archaeology of the Middle Archaic period in the U.S. Southwest clearly articulates with widespread 
environmental, social, and technological changes that mark a wholesale increase in the abundance and in-
tensive processing of available plant foods relative to the early archaic. This is important, because among 
nearly all contemporary hunter-gatherers, women gathered and processed plants, and men hunted animals, 
especially large animals. Plant gathering was local, low risk, and sustainable; in behavioral ecology, it is re-
garded as a risk-aversion strategy that underwrote the risky, high-payoff hunting behaviors of men (Bliege-
Bird 1999). The technological organization of Middle Archaic period populations in coastal California was 
examined by Buonasera (2012) within a context of population expansions, increased sedentism, territorial 
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circumscription, and the intensified processing of lower-ranked foods (acorns) (McGuire and Hildebrandt 
1994). The widespread proliferation of the mortar and pestle in coastal California is argued to mark a sig-
nificant increase in the sexual division of labor around 3500 b.c. (Jones 1996). 

Nowhere in the U.S. Southwest does the Middle Archaic period archaeological record indicate the level 
of social complexity that was occurring at some locations in coastal California, but it does show the appear-
ance of diverse plant-food-processing technologies in an economy characterized by logistical hunting strat-
egies and increased plant processing—a system that would have demanded significant labor investments 
by women. The sexual division of labor practiced by Middle Archaic period foraging societies in the U.S. 
Southwest is unknown, however, and archaeological sites have been characterized by a mixture of subsis-
tence pursuits and, usually, utilitarian artifacts. The lack of change observed in the lithic technologies of 
Middle Archaic period to Cienega phase foraging populations may indicate that the sexual division of labor 
that typified complex coastal societies did not go hand-in-hand with increased plant processing. In terms of 
mobility, an unchanging lithic technology suggests that people either maintained high residential mobility 
until the latter part of the Cienega period or practiced frequent, long-range logistical mobility earlier than has 
been thought (Diehl and Waters 2006; Roth 1995). Mabry (2005a:61) pointed out that both the Cave Creek 
Midden site and the Arroyo site were associated with occupational middens, and Fish et al. (1992) argued 
that resource abundance and diversity in riverine settings and elevated basins would have necessitated only 
biseasonal movements during the Late Archaic period. 

Setting

The Luke Solar project collection comes from the rockless lower distal piedmont between the White Tank 
Mountains and the Agua Fria River, on the western edge of the Phoenix Basin. In the context of stone in-
dustries, the most profound aspect of the project setting is the absence of rocks. The availability and quality 
of raw materials played important roles in how people managed expendable resources such as stone tools 
and whether their assemblages appear to have been “curated” or “expedient” (Bamforth 1986). Another im-
portant aspect of the project setting is its low biodiversity. Situated at an elevation of approximately 350 m 
AMSL, LAFB is located in the Lower Colorado Subdivision of the Sonoran Desert, where late Holocene 
climax community vegetation was dominated by saltbush, grasses, and mesquite (see Chapter 2, Volume 1). 
A complete review of the project setting has been provided in Chapter 2, Volume 1. Here, we review the 
lithic landscape around LAFB and call out its archaeological significance.

The nearby Agua Fria River runs north–south for approximately 145 km and has headwaters around 
Prescott, Arizona. The modern bedload and terrace gravels of the Agua Fria River originate from high-en-
ergy floods draining roughly 3,700 km2 of mountains before entering the Phoenix Basin about 30 km north 
of LAFB. Bedload materials are highly rounded, and a study of modern gravel operations in the Agua Fria 
River indicated that most clasts have been transported farther than 40 km (Langer et al. 2010). The Agua 
Fria River channel is now confined 7 km east of the Luke Solar project area, across a broad fan with a slope 
of less than 0.5 percent. The Agua Fria River channel would have provided an abundant and economical 
source of pebble- to boulder-sized rocks for flaked- and ground-stone-tool needs. 

Quantitative estimates of the amounts of chert, vesicular basalt, and other important lithic types in the 
Agua Fria River are not available, but the relative abundances of the most common rock types were provided 
by Langer et al. (2010). Basalt constituted a small percentage of lithic clasts, at 2 percent; meta-rhyolites, 
9 percent; and combined tertiary felsic-volcanic/sedimentary rocks, 31 percent (see Chapter 2, Volume 1). 
Various other coarse-grained metamorphic and plutonic rocks made up the remainder of the sample. The 
Agua Fria River offers an ample supply of rocks suitable for the production of both flaked stone and ground 
stone tools in the Luke Solar project collection. Cherts and other cryptocrystalline materials were not re-
ported in commercial gravel studies (Langer et al. 2010), but a brief, informal survey of the local Agua Fria 
River gravels by SRI successfully located a modest supply of fine-grained rhyolite, basalt, and chert nodules.
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Other potential sources of rock are ancient gravel units exposed in the vicinity of the salt domes immedi-
ately south of the project area. According to Cooley (Eaton et al. 1972:2), those deposits consist of rounded 
to subrounded pebbles as well as a few rounded cobbles and small boulders as much as 40 cm in length 
composed of volcanic, granite-gneiss, and other silicic rocks similar to those transported by the Agua Fria 
River (see Chapter 2). However, the location of those gravel-bearing exposures is unknown and therefore 
assumed to be of limited size and accessibility. The White Tank Mountains, located approximately 13 km 
to the west-northwest, could have served as a source of tabular ground stone materials. Those mountains 
are predominantly plutonic, mostly granitic, but also include a variety of more mafic compositions (Reyn-
olds et al. 2002). Some amount of metamorphic material, especially gneiss, is also available. To the north, 
the Hieroglyphic Mountains provide a greater diversity of lithic types. Low- to medium-grade metamorphic 
materials predominate in surface exposures, but a variety of felsic and mafic volcanic units are also present 
(Burr 1992). To the northeast, the Hedgepeth Hills would provide an ample supply of basaltic cobbles. These 
landforms are drained by the Agua Fria River and its tributaries, however; so, their rocks are available in the 
local gravels. The only common prehistoric material lacking in the Agua Fria River basin is obsidian, and 
the nearest outcrop is the Vulture source, approximately 45 km west of LAFB (Shackley 2005).

As described in the previous section, well-documented Middle Archaic period collections are generally 
from rocky settings near channels, on the upper piedmont, or inside caves. Lower piedmonts generally lack the 
diversity of stone resources required by hunter-gatherers. The wide disparity between food resources and tech-
nological resources makes these locations ideal for examining forager solutions under high selective pressure.

Methods

The Luke Solar project lithic analysis was conducted in the SRI laboratory in Tucson, Arizona, between 
April and July 2013. A representative sample of stone artifacts constituting less than 5 percent of the total 
sample was assessed by the lead author to guide the analysis, and a protocol was provided by Brad Vierra. 
The flaked stone analysis was performed by Matt Pailes, Karry Blake, and Jesse Ballenger. Matt Pailes and 
Jesse Ballenger described the complete ground stone items. Matt Pailes provided photomicrographs and ob-
servations. Nick Hlatky and Cannon Daughtrey assisted with the FAR analysis. John Hall and Amelia Na-
toli examined the co-occurrence of complete artifacts (caches). John Hall and Robert Wegener summarized 
previous Middle Archaic period projects and collections. Janet Griffitts graciously described the stone pipe 
and beads. All observations were entered into SRID 2, a proprietary inter-relational database.

The chronology of the Luke Solar project sites played a paramount role in how the analysis was con-
ducted and how the results are organized. The lithic analysis was prioritized based on the project radiocar-
bon-sampling process, which prioritized contents from thermal features. Burning, in general, guided the 
selection of which features were sampled in the mechanically stripped areas (see Chapter 3, Volume 1). The 
contents of structures and projectile-point-bearing pits received priority over a list of recovery contexts with 
diminishing potential for chronological control. Consequently, the analysis began with a look at the pro-
jectile points and the burned, broken ground stone from thermal features and concluded with the complete, 
extramural ground stone. Because so many complete ground stone items were not associated with thermal 
features, a minority of them were precisely dated. Chronological control for the Luke Solar project collec-
tion was provided by radiocarbon dating and geologic correlation; 16 percent of the artifacts in the collection 
were from radiocarbon-dated features, and the remaining artifacts were dated based on their stratigraphic 
positions (see Chapter 2). The analytical groups used to organize the lithic artifacts included the Sulphur 
Spring (9500–3500 b.c.), early Chiricahua (3500–2100 b.c.), late Chiricahua (2100–1200 b.c.), San Pedro 
(1200–800 b.c.), Cienega (800 b.c.–a.d. 50), and Red Mountain (a.d. 50–400) phases and the pre-Classic 
(a.d. 400–1150), Classic (a.d. 1150–1450), Protohistoric (1450–1800), and Historical (post-1800) periods. 
Many stratigraphically dated artifacts were included in the Cochise group (pre-800 b.c.) or the Cochise to 
Historical period group (pre- and post-800 b.c.) or were not dated.
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During the course of the analysis and data entry, raw-material and morphological type specimens were 
set aside in a reference collection. This collection permitted constant visual checks by the analysts and num-
bered several-hundred items. In this regard, the Luke Solar project analysis was thorough and consistent. 
Analysis of the Luke Solar project collection included the morphometric and technological descriptions of 
each artifact, following conventional methods and landmarks (Adams 2002; Andrefsky 2005; Cotterell and 
Kamminga 1987; Odell 2004); macroscopic and low-power microscopic use-wear analysis on select tool 
classes; raw-material analysis, including geochemical sourcing; and consultation with Native American el-
ders. Several artifact photographs are included to show the range of variability in the collection, and wear 
patterns on select types were digitized. This section reviews the methodological protocols and decisions 
that guided the analysis.

Definitions and Analysis

Typological classification is the cornerstone of artifact analysis, but it can also be the most subjective com-
ponent of analysis, and it masks variation. Certain ground stone tools belong to what Adams (2002) char-
acterizes as “fuzzy sets” that do not conform to ideal typologies. The Luke Solar project collection, for ex-
ample, illustrates how alluvial cobbles test the tenuous connection between form and function. The function 
of an implement more easily lends itself to nominal categorizations, as opposed to the continuous variation 
present in form. This is especially pronounced in the case of alluvial-cobble-based assemblages in which 
different functional types lie along what is truly an unbroken gradient toward a common form. This is most 
pronounced in regard to a unique class of implements formally referred to as “Lukeoliths.” These tools lie 
on the continuum that spans metates and pestles (Figure 38). At each of the two ends of the spectrum, form 
correlates to an obvious functional role, and the schema is coherent. As one approaches the center of the 
continuum, the relationship between form and function becomes ambiguous. In such cases, we relied on 
wear patterns to determine the primary function of an implement and recorded additional wear as second-
ary. Projectile point classification also requires decisions about what are often poorly made, worn-out, and 
broken tools. We illustrate nearly all of the “typed” projectile points in the collection. The artifact classes 
used to organize the lithic collection included flaked stone, ground and battered stone, and expedient stone, 
as defined in the following sections.

Raw Materials

The earliest typological decisions made during the analysis concerned raw-material types. Representative rock 
types were selected from the flaked stone and ground stone collections and used as references throughout the 
analysis. Raw-material identification was based on macroscopic and, when necessary, microscopic inspections 
using an Olympus SZX12 with a magnification range of 7×–90×. Lithic classifications that grade into one 
another based on chemical composition (e.g., rhyolite, dacite, andesite, and basalt) were determined solely 
according to macroscopic qualities of visible mineral grains and texture. All stone materials were assigned 
to one of 53 generic rock types. Flaked stone subtypes were created based on a project-specific reference 
collection that included 12 rhyolites, 9 cherts, 4 basalts, 3 quartzites, and 1 example each of chalcedony and 
siltstone. The flaked stone subtypes described in the analysis are defined in Table 14.

Obsidian artifacts were identified during the inventory and analysis process and sent to Dr. Steven Shack-
ley for provenance analysis via Energy Dispersive X-ray Fluorescence (EDXRF), including several minute 
obsidian flakes identified in flotation samples. With the exception of a broken projectile point associated 
with a cremation burial at Site 68, all of the obsidian included in the Luke Solar project collection was sub-
mitted for EDXRF analysis. Shackley has provided the methods and protocols of the obsidian-provenance 
analysis (see Appendix 3.1).
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Table 14. Raw-Material Subtypes Identified in Falcon Landing Flaked Stone Collection

Subtype Name Description

Chert 1 This material is mottled with a base color near 10YR 7/2. Accessory colors include speckles and streaks of 
red and blotches of light to dark gray. The material is most often translucent but varies to opaque. Internal 
flaws are rare but larger grains of silica were observed.

Chert 2 This material is a generally homogenous but slightly variable with a glossy luster and color near 10YR 7/3. 
Its cortex is a light brown, 7.5YR 6/4. The material is generally translucent with occasional zones that are 
more white or orange in color.

Chert 3 This material is an opaque glossy, deep red color closest to 7.5R 3/4. It is most often speckled with areas of 
translucent white to gray that appear dark due to the opaqueness of the surrounding red material. SRI col-
lected a small nodule of chert resembling this material from the local gravels of the Agua Fria River.

Chert 4 This material is quite similar to Chert 3 with a glossy luster and color range centered around 7.5R 3/6. It is 
typically speckled with very small black, opaque spots.

Chert 5 This material is also an opaque, glossy red with a base color closest to 7.5R 3/3. It contains many small 
speckles and veins of translucent to opaque white.

Chert 6 This material is an opaque, glossy, banded gray with a base color near 2.5YR 6/1. It has numerous inclusions 
of friable silica, which likely formed in very small vesicles.

Chert 7 This material is an opaque, glossy, mottled purple-gray and white with an amalgamated color closest to 5YR 
5/1. The mottling is fine enough that the color appears homogenous unless inspected closely.

Chert 8 This material is a matte tan, 7.5YR 6/2. It contains numerous very small speckles that are black in color.

Chert 9 This material is a predominantly yellow-brown opaque matte color closest to 7.5YR 4/6. It is mottled by 
streaks of translucent material that appear gray and speckles of opaque white.

Siltstone 1 This material includes a range of matte colors from 5YR 4/2 to 2.5YR 6/2. It is often banded with darker 
streaks. The texture is quite fine, but is clearly more coarse than cryptocrystalline material.

Metaquartzite 1 This material ranges in color from 10YR 7/4 to 7.5YR 5/6. The color variation will often be present on a sin-
gle flake. The material is highly metamorphosed, creating a glossy, sugary appearance common to quartzites.

Figure 38. Schematic representation of pestle subtypes recognized in the Luke Solar 
project analysis.
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Subtype Name Description

Metaquartzite 2 This is a matte gray-brown closest to 10YR 5/2. The material is very homogenous and very fine grained and 
easily mistaken for a volcanic rhyolite.

Metaquartzite 3 This material is most similar to 7.5YR 4/1. The material has streaks of lighter-colored material and is very 
glossy with a sugary texture.

Metaquartzite 4 This material is gray-green to red in color. The cortex has rectangular (cell-like) structures, with interior 
laminate structures causing microscopic steps on the breaking surface

Basalt 1 This is an extremely fine-grained almost glossy material with no visible grain boundaries and fracture prop-
erties very similar to cryptocrystalline material. It is usually a homogenous black color, but occasionally 
contains bands of slightly greener and coarser material.

Basalt 2 This is also an essentially homogenous black material. It is a coarser material than Basalt 1with correspond-
ingly cruder fracture properties.

Basalt 3 This material is a homogenous reddish black with color close to 10R 2.5/1. The cortex is a more clearly red 
color near 10R 4/2. The material is extremely fine grained and smooth. Basalt 3 is the only possible nonlocal 
variety of basalt in the reference collection.

Basalt 4 This material is most similar to 5Y 3/1. It is streaked with nonparallel bands of a slightly green lighter color. 
It is very fine grained but more coarse than Basalt 1 or Basalt 3. Basalt 4 is common in the flaked stone 
collection.

Rhyolite 1 This material is highly variable and may represent several different source materials. It ranges in matte col-
ors from 7.5R 5/2 to 7.5YR 6/1. All varieties are mottled with various streaks and bands of reddish and gray-
ish material. Small phenocrysts of quartz and feldspars—most likely plagioclase—are occasionally present.

Rhyolite 2 This material’s base color is closest to a matte 10YR 6/3, but large splotchy areas of a pinkish to reddish hue 
are also present. Very small phenocrysts of quartz are present. The texture is slightly glassy.

Rhyolite 3 This material is fairly homogenous within individual specimens but ranges from 10R 4/2 to 5R 4/1. Small 
speckles and streaks of slightly different colors are occasionally present. The range of base colors may indi-
cate this material actually comes from multiple sources. The texture is glassy, with rare and very small phe-
nocrysts of quartz.

Rhyolite 4 This material is highly mottled and speckled. Its base color is bimodal around 7.5R 3/4 and 2.5YR 4/1. Most 
varieties contain small black speckles produced by very small imperfections and vesicles. Mottling tends to 
mix the two predominant colors with some small gradient between the two. The material is glassy. 

Rhyolite 5 This material is quite similar to Rhyolite 1 with a matte color near 7.5YR 5/1. Unlike Rhyolite 1, it lacks 
streaks, but is very similar in texture. Very small phenocrysts are present.

Rhyolite 6 This material is nearly black with some varieties grading into a very dark gray. The material is glassy and of 
high quality but contains many distinctly green, translucent phenocrysts up to 4 mm in diameter.

Rhyolite 7 This material is a matte reddish brown, 2.5YR 5/3. It appears superficially similar to Siltstone 1, but it is 
finer grained and often contains bands and streaks of darker, more reddish material.

Rhyolite 8 This material is near black, 5YR 2.5/1, but slightly translucent at the thinned edges with a reddish hue. It is 
glassy with no visible phenocrysts. 

Rhyolite 9 This material is a weak red to pink, most often near 10R 5/3, but frequently grading into lighter colors. It is 
often banded with lighter shades of pink, but it is most easily identified by the presence of quartz pheno-
crysts, some as large as 2 mm.

Rhyolite 10 This material is a heavily banded weak red, 7.5R 4/3. Most of the bands are darker in color ranging towards 
a deep purple. Phenocrysts are common with sizes up to 2 mm. The material is coarser than many varieties, 
but is still glassy.

Rhyolite 11 This material most closely resembles 2.5YR 4/1. It is generally homogenous but a few dark speckles can be 
present as well as very small phenocrysts of quartz. The material is glassy.

Rhyolite 12 This material is most similar to 10Y 6/1. It is mottled with splotches of a deeper green color. The material is 
glassy.

Chalcedony 1 This material is mottled with a yellowish brown 10YR 5/6 as the dominant color. The mottling material is a 
translucent white. The material is glossy and of high quality.
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Flaked Stone Artifact Classes

As an analytical unit, flaked stone artifacts are defined by their method of manufacture—that is, the percus-
sion and pressure reduction of isotropic materials to achieve a desired form or to create a separate flake. Eight 
classes of flaked stone tools were used to describe the Luke Solar project collection, as discussed below.

Cores
Cores are the nuclei of flaked stone technologies, the parent rocks from which pieces were detached to create 
multiple tools and, in many circumstances, to reduce the core into a single tool. Core technologies vary across 
time and space in response to initial conditions (Andrefsky 1994), the purpose and design specifications of 
the desired flake (Cotterell and Kamminga 1987), and human settlement and mobility patterns (Parry and 
Kelly 1987). Formal cores with significant investment in shape are generally made lenticular (biface cores) 
or conical (blade cores), reduction strategies that Andrefsky (2005:137) distinguished as multidirectional or 
unidirectional, respectively. Informal cores that lack investment in shape can range from tabular to blocky, 
depending on nodule morphology and reduction intensity. Minimally flaked nodules that lack evidence of 
use were described as tested cobbles.

The Luke Solar project collection included two dominant core categories: blocky cores and cobble-
uniface cores. Blocky cores include unidirectional and multidirectional cores that show opportunistic flake 
removals and less concern for core shape, whereas cobble unifaces show the systematic unifacial reduction 
of cobbles as generally having progressed from one polar end to the other. Both categories of cores are ex-
ecuted on alluvial cobbles. The utility of blocky cores and cobble unifaces is partly a function of volume. 
Blocky cores were measured on three conventional axes, whereas cobble-uniface measurements specified 
the longest flake scar (length), the width of the cobble (width), and the length of the cobble (thickness).

Less common core types include biface/disk cores, flake cores, and blade cores. Biface/disk cores are 
defined as large, thick, ovate bifaces with multiple large, controlled flake removals. Flake cores are large 
flakes, usually decortication flakes, that show the subsequent removal of large flakes. Blade cores are char-
acterized by carefully prepared platforms and often unidirectional and parallel flake scars that are longer 
than they are wide. Core tools are typically cores with edge modification indicative of scraping or battering.

Debitage
The debitage analysis began by selecting the largest and richest collections available and sorting them into 
nodule-scale raw-material categories (Larson and Kornfeld 1997). Common, distinctive, and exceptionally 
high-quality varieties of raw materials were set aside as part of the reference collection. Debitage samples 
were analyzed as batches based on their proveniences and ranged from a single flake to several-hundred 
flakes; however, most batches contained fewer than five flakes each. The debitage analysis entailed sorting 
individual batches according to raw-material type, portion, technological type, size, platform type, platform 
preparation, cortex type and location, and thermal alteration.

Flake portion was recorded as complete, proximal, distal, lateral, or indeterminate. Technological type 
refers to the reduction strategy that produced the flake and included core flakes, biface-thinning flakes, blades, 
bipolar flakes, microdebitage, and indeterminate/shatter. Core flakes were distinguished by wide platforms 
that were plain or dihedral, platform angles greater than 75°, cortical surfaces, dorsal flake-scar orientation, 
thickness, and bulb morphology. Core-trimming flakes should be expected with the production of controlled 
flakes, but they vary with core technology and are difficult to isolate in archaeological assemblages. Biface-
thinning flakes were recognized by multifaceted platforms, a ventral lip, acute platform angles, noncortical 
surfaces, dorsal flake-scar orientation, thinness and curvature, and bulb morphology. A bipolar flake cre-
ated using a hammer-and-anvil technique may have compression rings and crushing on both polar ends, or 
bipolar flakes may be splinters and angular debris. All complete flakes were measured and placed in ordinal 
10-mm size categories based on the length of each flake perpendicular to the platform. Microdebitage was 
defined as complete flakes measuring less than 10 mm each in length. Minute but incomplete pressure flakes 
were also classified as microdebitage.
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Platform type was recorded as absent, crushed, cortical, single faceted, multifaceted, or dihedral, and 
platform preparation was determined based on evidence of edge grinding. Cortex was recorded as present or 
absent, and cortex type was described as primary, waterworn, or indeterminate. Cortex location was attrib-
uted to dorsal surfaces and platforms. Thermal discoloration, crazing, and pot lids were noted, when present.

Edge-Modified Flakes (EMFs)
EMFs are flakes that exhibit modification along one or more edges, independent of what agency created the 
modification. Sharp edges can be modified by wind and water, trampling, or transport. Some forms of plat-
form preparation can also mimic retouch. EMFs are distinguished from scrapers and knives by their informal 
design, to include retouch that modified an edge without significantly reshaping the flake. Many EMFs prob-
ably functioned as expedient scrapers and knives. Modification created by edge retouch is easily detected, 
but use modification is difficult to detect, especially on coarse-grained raw materials. Each piece of debitage 
in the Luke Solar project collection was individually handled and inspected for retouch and macroscopic use 
modification. Retouched edges were described and measured in terms of number, length, and angle.

Scrapers
Scrapers are formal retouched pieces, most often flakes, that exhibit abrupt, unifacial, noninvasive retouch. 
Hafted and unhafted scrapers are distinguished by their morphologies and locations of retouch/use. Hafted 
scrapers functioned on one axis and are typically recognized as end scrapers, whereas unhafted scrapers 
could function on more than one axis and are generally described as side scrapers or ovoid scrapers. End/
side scrapers show end and side retouch, although lateral flaking may be related to shaping rather than use. 
Scrapers/planes are high-domed scraper-like implements with planar bottoms that exhibit polished flake 
scars (arrises) and rounded/crushed edges from use as planes. Inverted, they can resemble unidirectional 
cores with prepared platforms, which they also may have been. The scrapers in the Luke Solar project col-
lection were classified according to type, and their retouched edges were described and measured in the 
same manner as those of EMFs.

Knives
Flaked stone knives can range from unmodified flakes to blades and formal bifaces and have cutting edges 
that range from straight to serrated and retouch that is unifacial or bifacial. Despite their simple design re-
quirements and universal use, “knife” is a poorly described artifact type in the U.S. Southwest. This category 
was used conservatively during the Luke Solar project analysis to describe a single unique retouched tool.

Drills
Awls and punches made from flaked stone are conventionally described as drills, but they obviously lack 
the characteristic drill threads. Drills were typically made from flakes by shaping one portion of a flake into 
a long, narrow projection with a diamond cross section and some form of tip, so that the finished tool was 
key shaped. Projectile points were occasionally reworked into drill-shaped implements.

Bifaces
Bifaces are flaked stone tools that have been deliberately worked on both sides. The reduction of large bi-
faces is sometimes expressed as a series of arbitrary stages defined by the dimensions and edge angles of a 
piece (Callahan 1979), but the model is less useful for describing small bifaces made on thin flakes. Biface-
reduction trajectories generally resulted in one of four kinds of bifaces in the archaeological record: cores, 
knives, projectile point preforms, and projectile points. The items described as bifaces in the Luke Solar 
project collection were those deemed not to have functioned as cores, knives, or projectile points; many of 
them were in the size range of projectile points but lacked the symmetry and craftsmanship generally in-
vested in finished projectile points. Many of the artifacts in the “biface” category appeared to be broken and 
discarded projectile point preforms. The biface sample was described in terms of five major attributes and 
variables: completeness, size, edge angle, breakage, and raw-material type.
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Projectile Points
Projectile points are generally bifaces that possess haft and tip components for use as dart tips and arrowheads 
and are generally symmetrical in form. The projectile points were organized into a typological framework 
and documented in terms of their metric attributes, completeness, piercing potential, edge morphology, re-
touch, breakage type, and raw-material type. 

The assumption behind measuring piercing potential is that it conveys information about the tool’s func-
tion or intended function. Projectile points correlate to hunting in most interpretive constructs, but the ar-
chaeological and ethnographic records indicate that they also functioned as knives, awls, burins, and scrapers, 
among other things. The Luke Solar project collection included complete points that were extremely sharp 
and others that had dull, rounded tips. Sharpness is a component of any discussion about penetration (Knecht 
1997; Waguespack et al. 2009), but projectile point sharpness is an unconventional measure. We measured 
piercing potential somewhat informally by the presence or absence of a sharp distal tip. Sharp tips are sharp 
to the touch and potentially capable of piercing the skin with moderate pressure against the anterior side of 
the index finger, whereas nonpiercing tips can be pressed firmly against the skin without risking a puncture. 
Edge morphology focused on the presence or absence of retouch, serrations, and beveling.

Accurate quantitative measures of biface retouch are usually beyond the reach of lithic analysts, but it 
is possible to infer whether or not a tool is still useful. Bifaces used as projectile points generally became 
shorter with breakage and tip refurbishment (Ahler and Geib 2000), whereas “projectile points” used also 
as knives became narrower and shorter with blade refurbishment (Shott and Ballenger 2007). For the Luke 
Solar project collection, retouch was recorded as present or absent and bifacial or unifacial. The presence 
of impact fractures was noted among the incomplete and retouched points. Finally, raw-material type was 
determined using the reference collection and was accompanied by an inspection for evidence of heat treat-
ment or damage.

The Archaic period projectile point typology of the U.S. Southwest is famously ambiguous and convo-
luted, especially for the Middle Archaic period (Bayham 1986a; Huckell 1984a). The earliest post-Clovis 
projectile point collections of significant diversity and size are associated with the Chiricahua phase (Say-
les 1983) and the Chiricahua–Amargosa II component at Ventana Cave (Haury 1950). A number of discrete 
types are now recognized in those and other collections (e.g., Loendorf and Rice 2004), but their age and 
significance, in terms of the human paleoecology of the U.S. Southwest and cultural affiliations, are still 
poorly understood. Each type has its own vagaries, as described below.

Contracting Stem
Several terms and formal type names have been used to describe dart points or knives characterized by a 
long, contracting stem but otherwise exhibiting a broad range of technological and stylistic variation. The 
most widely established type names include Lake Mohave and Silver Lake, which are characteristic of the 
Western Stemmed complex (Willig and Aikens 1988) and have occurred from California, across the Great 
Basin, to the lower Colorado River basin (Amsden 1937; Brott 1966; Rogers 1939; Warren 1967). Stemmed 
points from the northern U.S. Southwest are typically described as Jay-type points (Irwin-Williams 1973). 
Western Stemmed points at Paisley Caves, Oregon, dated to as early as 11,000–11,200 b.c. (Jenkins et al. 
2012); Jay-type points have been dated to between about 5900 and 7000 b.c. (Irwin-Williams 1973; Wiens 
1994) and possibly continued to be in use as late as 2500 b.c. (Vierra 2009). The Red Sand layer at Ventana 
Cave indicated that those forms were present in the U.S. Southwest after about 7700 b.c. (Huckell 1996).

Middle to Late Archaic period forms with contracting stems include the distinctive Gypsum Cave type 
(Harrington 1933) and generic forms sometimes described as “leaf shaped” (Bayham 1986a). Sayles (1983:76) 
described the latter from both San Pedro and Chiricahua phase components but attributed them to projectile 
point preforms. Haury (1950:266) compared the “leaf-shaped” bifaces from Ventana Cave to small knives 
reported in San Dieguito II collections (Rogers 1939:34).

Pinto/San Jose
Pinto/San Jose points are two separate projectile point types that represent historically entangled but clearly 
distinguishable tools at both ends of the typological spectrum (Justice 2002:142; Mabry 1998a:68). Pinto-type 
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points symbolize Early Archaic period populations best known from the Mojave Desert and the Great Ba-
sin (Campbell and Campbell 1935; Harrington 1933; Rogers 1939), and San Jose points were widespread 
throughout the U.S. Southwest between about 4000 and 2200 b.c. (Bryan and Toulouse 1943; Irwin-Williams 
1973). One problem is the enormous range of the typological spectrum. Warren (1980:73) described the 
Pinto typology as “schizoid,” and Huckell (1996:340) described the San Jose type as a “catch-all” category. 
However, Pinto-type points with bifurcated bases have occurred across the U.S. Southwest, especially on 
the Colorado Plateau (Formby and Frey 1986), where they dated to between 7000 and 6000 b.c. (Bodily 
2009; Janetski et al. 2012). Haury (1950:203) made comparisons between the stemmed points in the Red 
Sand layer at Ventana Cave and Pinto points, noting that the single difference was the lack of basal notching 
on the former. Pinto points continue into the overlying stratum, but comparisons with San Jose points are 
complicated, because the typological scheme employed by Haury (1950:Figures 50 and 51) did not distin-
guish basal notching from basal concavity. Bayham (1986a:Figure 10.4) introduced the “Pinto/San Jose” 
construct to describe the Picacho Reservoir Archaic Project collection that included as many as five Pinto 
points, one exhibiting a deep basal notch. Bayham (1986a:224) explicitly stated that most of the examples 
from that project collection more closely compared to the San Jose type.

First defined by Bryan and Toulouse (1943) in the vicinity of Grants, New Mexico, San Jose points are 
distinguished by relatively long stems that have incurvate edges and concave bases that are equal in width 
to their necks. Some have sharp basal corners, and others have small, rounded ears; serration is common 
(Sliva 2009). San Jose points extend from the Colorado and Coconino Plateaus of northern Arizona south 
to northern Sonora and Chihuahua, Mexico, and to the east as far as the Estancia Basin.

Chiricahua
The Chiricahua projectile point type was originally recognized as being intrusive into Chiricahua phase de-
posits at Cave Creek Midden (Sayles and Antevs 1941). It has also been described as an Amargosan technol-
ogy, based on excavations at Ventana Cave (Haury 1950:299). The type was previously considered an un-
named and uncommon style diagnostic to the Middle or Late Archaic period (Huckell 1984a:196). Shackley 
(1990:67) pointed out that the Chiricahua projectile point type, itself, had yet to be precisely defined nearly 
50 years after Sayles and Antevs (1941) described the Cochise cultural sequence. Some researchers still con-
sider it a poor temporal marker (Wills 1988). Chiricahua points are typically described as short, side-notched, 
concave-based projectile points with excurvate blades that generally lack serrations but are often reworked 
(Bayham et al. 1986:429; Dick 1965:30; Lorentzen 1998:146; Sayles 1983:75). The type is difficult to dis-
tinguish from Middle Archaic San Rafael Side-notched points (Holmer 1986; Justice 2002:154). The size 
range of Chiricahua points has been poorly documented, because archaeological examples were frequently 
retouched and often completely exhausted. Lorentzen (1998:146) observed that Chiricahua points include 
both percussion- and pressure-flaked varieties, the latter on thin flakes. The distribution of these points is 
generally limited to the U.S. Southwest, with rare finds in Sonora, Mexico (Sanchez-Morales 2012), and 
the Coconino Plateau (Lyndon 2005:71).

Chiricahua points have been radiocarbon dated at a limited number of sites. Bayham (1986a:222) re-
viewed two dates reported by Sayles (1983:50) from the G. P. Sonora site (AZ FF:10:4 [ASM]) that ranged 
between 4400 and 1900 b.c. At the Buried Dune site, Bayham (1986a:226) recovered one Chiricahua point 
bracketed between 3500 and 2900 b.c., based on two AMS radiocarbon dates. A second Chiricahua point 
from the Buried Dune site was recovered from a midden associated with a single conventional radiocarbon 
age of between 3300 and 1700 b.c. Huckell (1996:337–338) provided a review of radiocarbon dates that 
placed Chiricahua points between approximately 3500 and 2400 b.c. Justice (2002:166) renamed the type 
Ventana Side-notched and assigned an age range of 3500–1800 b.c.

Cortaro
The Cortaro projectile point type was originally defined by Roth and Huckell (1992), based on excavations 
at the Cortaro Fan site (Roth 1989). Diagnostic traits include a triangular to lanceolate outline with a basal 
concavity that ranges from a deep indentation to nearly straight. Cortaro points are generally described as 
being thick, around 6–7 mm, and were made from percussion-flaked bifaces that were sometimes finished 
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with fine pressure flaking. Broken and reworked blades are common, but they uniformly lack serration. Basal 
edges were not ground. Quality craftsmanship is rare compared to other Middle Archaic period projectile 
point types (Roth and Huckell 1992:357), so much so that Sliva (1999:41) questioned what functional niche 
the tool filled, suggesting that it could have been an expedient solution to knife or projectile point needs. 
The geographic distribution of Cortaro points appears to be limited to the U.S. Southwest.

The chronological range of Cortaro points was provided by Sliva (2009), based in large part on the Los 
Pozos site, where they appeared sometime between 3500 and 2100 b.c. The technology may have persisted 
into the Late Cienega phase, between 400 b.c. and a.d. 50. At Las Capas, SWCA Environmental Consultants 
(SWCA) determined that Cortaro points were the only points found in the Stratum 6B Middle Preceramic pe-
riod deposits and were associated with early maize (ca. 1940–2200 b.c.). Empire and San Pedro points were 
recovered from the overlying Stratum 6A Late Preceramic period deposits. Cortaro-maize associations have 
also been documented at the Clearwater site (Diehl 1997).

San Pedro
The most common and widespread dart point from Late Archaic period sites is the San Pedro type as first 
described by Sayles (1983) and others. These include side- and corner-notched points that possess straight 
to convex bases, although concave bases are occasionally included in type descriptions (Roth and Huckell 
1992:363). The morphology of San Pedro points overlaps with that of Elko Corner-notched points common 
to the Great Basin, but Shackley (1996) distinguished the San Pedro and Elko types based on neck width, 
shoulder width, thickness, and notch location. In his construct, Elko points are thinner, possess shoulders 
measuring greater than 25 mm, and have wider necks. Sliva (2009) described San Pedro notches as “half-
heart-shaped to C-shaped” and noted that side notches, when present, are located on the lower (proximal) 
region of the biface. Expanding stems characterize both side- and corner-notched varieties. San Pedro blades 
are generally triangular and rarely serrated. Projectile points were manufactured from ovate, percussion-
flaked bifaces and were finished using pressure flaking. Retouch is common and sometimes has obliterated 
the shoulder (Justice 2002:195). The age of San Pedro points defines the beginning of the San Pedro phase, 
around 1200 b.c. The type endured throughout the Cienega phase and did not disappear from the archaeo-
logical record until sometime during the Agua Caliente phase, between a.d. 50 and 500 (B. Huckell 1998).

Datil
Datil-type projectile points are distinguished by generally parallel-sided stems, straight to slightly convex 
bases, and often serrated blades that are frequently retouched, as originally described by Dick (1965) at Bat 
Cave, New Mexico. The distribution of Datil points covers much of the U.S. Southwest, and Justice (2002:174) 
assigned them an age range of 1600 b.c.–a.d. 300. The type collection was recovered from a context bearing 
early maize, but Wills (1988) estimated that Datil points at Bat Cave only dated to between about 900 and 
200 b.c. In southeastern Arizona, Datil points have been compared to a similar stemmed variety of projectile 
point type that Stevens and Sliva (2002) termed Empire points and SWCA dated to between approximately 
1600 and 1000 b.c. at Las Capas (Whittlesey et al. 2010:86). Empire points are most often associated with 
early San Pedro phase occupations (Stevens and Sliva 2002). 

Elko Corner-Notched
Elko series projectile points include an array of subtypes, but they are generally broad and have deep corner 
notches, expanding stems, and concave bases (Heizer and Baumhoff 1961; Thomas 1981). The literature on 
Elko tools in the U.S. Southwest is limited, but Shackley (1996) provided a quantitative summary of a small 
collection of Elko-like points from the Harquahala Valley in western Arizona, and Stevens and Sliva (2002) 
provided a brief literature review and distinguished the type from Empire points common to southeastern 
Arizona. Lorentzen (1998:148) mapped their distribution throughout western Arizona and up the Gila River 
and its major tributaries. Estimates of the temporal range of Elko points in the U.S. Southwest are specula-
tive, but it may have extended from 3500 b.c. to a.d. 700, based on one indirect radiocarbon date from the 
Split Ridge site and their association with well-dated types; however, they are generally attributed to the 
Late Archaic period (Huckell 1984a; Mabry and Stevens 2000; Stevens and Sliva 2002).



 115

Colonial Stemmed
Sliva (1997:52) described the Colonial Stemmed projectile point type as possessing a triangular blade, a 
contracting stem, and lateral shoulders or oblique tangs, and she dated the type to between a.d. 750 and 950. 
Sayles (1965:109) first recognized the points as a highly specialized form at Snaketown and described the 
edges as finely serrated, sometimes deeply so, forming a saw-like edge.

Indeterminate
Projectile points that were too incomplete to type or did not fit comfortably into extant typological catego-
ries were described as indeterminate. None of the complete indeterminate points in the Luke Solar project 
collection exhibited good craftsmanship, which generally explains their aberrant form.

Ground/Battered Stone Artifact Classes

Ground/battered stone artifacts include objects that have been shaped by pecking and grinding to create a 
specific form of grinding stone or that achieved their form during use as grinding stones. This category also 
included battered stone objects that were generally not shaped but exhibited damage created by their use, 
such as hammerstones. 

Hammerstones
Hammerstones were identified by evidence of battering, usually along the convex edges of river cobbles and 
occasionally on wider surfaces. Hammerstones were classified into two groups: those that served only as 
hammerstones and those that also functioned as cores. The latter category was composed of implements that 
first functioned as cores before being devoted to use as hammerstones. Aside from typological classification, 
the hammerstone analysis included length, width, and thickness measurements; raw-material identification; 
and the detection of thermal alteration. Hammerstones, not distinguished from pecking stones here, were 
necessary components in the manufacture of both flaked stone and ground stone tools.

Metates
Metates were classified as basin metates, flat/concave metates, or grinding slabs. For fragmented pieces, 
the categories of indeterminate and indeterminate-basin metate were also utilized. Basin metates possess 
concave wear surfaces that are oval to circular. Criteria were established to further divide basin metates fol-
lowing Adams (2002:100), defining three-quarter-basin metates as open on one end and open-basin metates 
as open on both ends. Basin metates of which the complete circumferences were approximately the same 
height relative to the nadir depths were categorized as closed-basin metates. Adams (2002:103) defined flat/
concave metates as those that did not have preformed basins prior to use but also noted that subsequent use 
may have obliterated evidence of the distinction. The analysis of the Luke Solar project materials designated 
metates as flat/concave if it was apparent that the original working surfaces were initially planar. The type 
grinding slab was used to denote basin-shaped metates that were executed on naturally tabular stones. These 
forms often maintained relatively large unworked surface areas around the ground surfaces. Most often, these 
metates were minimally modified from their natural forms. Complex metate designs include trough metates 
and other highly shaped forms that generally required significant flaking to achieve their shape.

In addition to the type of metate, analysts recorded a number of categorical and ratio-scale variables for 
metates and other formal ground stone tools. The length, width, and thickness of each implement were re-
corded, as were the length, width, and depth of its worked surface. Categorical variables included material type, 
completeness, shaping method, manufacturing investment, cross-section shape, surface texture, and thermal 
alteration. Shaping methods were recorded as flaking, pecking, and grinding. Manufacturing investment was 
measured by the extent of shaping on the stone. Implements with pecking confined to their edges were clas-
sified as having had low investment, and implements with shaping that extended onto one or more faces were 
classified as having had high investment. It should be pointed out that manufacturing investment is not easily 
distinguished from tool maintenance, and this is true of all ground stone tools. Our definition of “high” manu-
facturing investment was relative to the Luke Solar project collection. Ground stone implements “shaped” from 
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natural cobbles obviously did not require the same level of investment as metates shaped from blocky pieces 
of vesicular basalt.

Manos
Manos were divided into the subtypes loaf mano, flat mano, cobble mano, and indeterminate. Because the 
Luke Solar project collection is an alluvial-cobble-based technology, manos subtyped as loaf or flat may in-
dicate increased use and attrition rather than functional diversity, but the classifications partly reflect the form 
of the metate on which a mano was executed. The attributes recorded included material type, completeness, 
shaping method, manufacturing investment, cross section, texture, direction of stroke, and thermal alteration. 
Ratio-scale measurements included the length, width, and thickness of each implement and the length and 
width of its worked surface(s). In regard to both the working surface(s) and the overall mano shape, length 
axis was designated as the long axis of a stone, perpendicular to the direction of use in a standard back-and-
forth motion. The width was designated as perpendicular to the length and parallel to the direction of use. 

Mortars
Stone mortars were the bottom components of a pounding technology and are characterized by deep, cyl-
inder- to cone-shaped basins. Mortars were subclassified into the types boulder, cobble, and shaped. The 
standard set of variables was recorded, including material type, completeness, shaping method, manufactur-
ing investment, cross-section shape, texture, and thermal alteration. Measurements included length, width, 
thickness, and basin depth. 

Pestles
Pestles include a range of elongate forms that functioned as the top components of a pounding and crushing 
technology, as evidenced by design or use modification on one or both ends of a pestle. Haury (1950:321–324) 
distinguished four varieties of pestles from Ventana Cave: flat-ended, rounded-ended, shaped, and not shaped.

Attributes recorded for pestles included material type, completeness, shaping method, manufacturing 
investment, thermal alteration, worked-surface cross-section shape, worked-surface texture, and location of 
working. Implement length, width, and thickness were recorded for all complete specimens. The recordation 
of worked-surface metrics varied depending on type. When a worked surface occurred on a convex end, its 
height, or the distance it spanned from the end of the implement up the shaft, was recorded. For implements 
with flat-surfaced ends, length and width were recorded, and if use wear wrapped around and up the shaft of 
the implement, then a height was recorded. To achieve consistency, the implement end with the most acute 
profile was designated as proximal, and the opposite end, as distal. The Luke Solar project pestles were 
organized into several subtypes based on end morphology, manufacturing investment, size, and secondary 
use(s) (see Figure 38), as defined below.

Type I: This pestle subtype is completely unshaped and has been minimally affected by use. Use wear 
consists of small areas of light polish or pitting. Some pestles were identified as Type I based on con-
textual relationships with paired mortars.

Type II: This pestle subtype is characterized by unshaped forms that exhibit highly polished ends.

Type III: This pestle subtype is unshaped and has flat to irregular ends that have been pecked but not 
polished.

Type IV: This pestle subtype is characterized by coarse shaping (flaking) and convex to irregular ends 
that have been battered.

Type V: This pestle subtype is defined by fine shaping (pecking) and convex, highly polished ends. Heav-
ily utilized examples exhibit beveled ends.

Type VI: This pestle subtype includes implements with fine shaping (pecking) and convex to irregular 
ends that have been battered or repecked.
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Type VII: This subtype is a uniquely cone-shaped pestle that has one end with a flat surface that has been 
pecked; the other end (proximal) is acute and sometimes polished. The remainder of the implement has 
usually been finely shaped (pecked).

Type VIII: This pestle subtype includes barrel-shaped and short, squat cobbles with variable amounts 
of fine shaping (pecking). Ends have been flattened and pecked.

Type IX: This pestle subtype is characterized by fine shaping (pecking) and a combination of battered 
and polished ends.

Type X: This subtype includes uniquely large forms that have been modified into narrow basin metates.

Lukeoliths
The Luke Solar project ground stone collection included a unique category of implements that have been 
previously undocumented or underdocumented in the archaeological record of the U.S. Southwest. The ty-
pological efficacy of these tools was first recognized in the laboratory, where Aerostar Environmental Ser-
vices, Inc., laboratory technicians isolated them and affectionately named them “clown shoes”—items that 
were too large to be manos but were not like metates. The items were also referred to as “millingstones” in 
some contexts of the analysis, because there was no type name for them in the database.

A brief literature search was performed to identify similar tools from regional Archaic or Ceramic pe-
riod sites. One archaeological example associated with Middle to Late Archaic period occupations at the 
Fairchild site was depicted and described as a “rounded” pestle, a polished form attributed to wooden pestles 
(Windmiller 1973). From the Picacho Dune Field, Morris (1986:261) reported three shaped artifacts with 
broad, rounded ends that he compared to “unbattered” pestles. Sayles (1983:71) briefly described Chiricahua 
phase “proto-pestles” as shaped or unshaped handstones that each exhibited one pointed or beveled end that 
was polished, suggesting use as digging tools. Aside from these vague references, no mention was found of 
large, flat, pestle-like implements.

A representative sample of the items classified as Lukeoliths was displayed at the 2013 Pecos Confer-
ence in Flagstaff, Arizona, where a large knowledge base of regional archaeologists was on hand, and con-
ference participants were allowed to handle and comment on the implements’ presumed functions. A few 
respondents thought they resembled two-handed manos at first glance, and others remarked that they were 
some form of multipurpose tool and not a distinctive type. 

SRI also solicited the opinions of curators and collection managers at the ASM and the Maxwell Mu-
seum of Anthropology, SRI colleagues in California and New Mexico, Sonoran archaeologists affiliated with 
the National Autonomous University of Mexico, and archaeologists familiar with ground stone technologies 
in Australia, India, and Africa, none of whom were familiar with analogous ground stone objects. The eth-
nohistory of traditional technologies has been poorly documented. In 2013, several representatives of The 
Four Southern Tribes of Arizona were able to view and comment on the items. As discussed by Vanderpot in 
Chapter 9, traditional cultures developed complex perishable and nonperishable technologies that included 
special tools associated with intensive desert-plant-food processing—tools that have disappeared from the 
material record over a period of several centuries. 

Objects that met the criteria for inclusion in the “Lukeolith” category were characterized by margins 
that had been variably pecked and ground to achieve an almond to subrectangular outline and distinctively 
polished or pecked ends. Several generalized patterns of use wear became apparent throughout the analysis. 
The most intuitively interpretable pattern was use of the large, oval face as a grinding surface. More com-
monly, specimens evidenced use wear on the ends. The area of use wear was often irregular in shape, ex-
tending some distance up the planar face of the implement and often farther up one or both edge margins. 
Often, the area of use had been visibly polished. On several implements, pecking was concentrated on one 
end or both ends of each and continued for a variable distance along the lengthwise axis. Three categories 
describe the type and location of pecking and polish (Figure 39):
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Type 1: Minimal margin pecking; visible use modification on one or both ends (proximal and/or distal) 
characterized by a luster that wraps around the edges and intrudes a short distance onto the convex tool 
surfaces; no evidence of pecking or grinding on planar surfaces. 

Type 2: Pecked ends and pecked planar surfaces; pecked ends have usually been subsequently polished 
to some extent by use.

Type 3: Pecking and/or polish on one or both ends, as well as use modification (grinding) on one or both 
convex to slightly concave planar surfaces. 

The attributes recorded for Lukeoliths included material type, completeness, shaping method, manu-
facturing investment, thermal alteration, implement lateral-cross-section shape, implement longitudinal-
cross-section shape, worked-surface texture, and worked-surface plan shape, when applicable. The location 
of modification was recorded as entire, face, distal, or proximal. “Proximal” was defined as the narrower 
or more acute end, and distal, as the broader or more obtuse end. Measurements were taken of implement 
length, width, and thickness. For implements with primarily planar-face modification, length and width 
measurements were taken at the location of maximum wear. For implements with end wear, one measure-
ment was taken on each utilized end, to record the maximum distance that the wear extended down the 
length axis. 

Netherstones
The tools in this category are difficult to describe, because the definition of a netherstone is a ground stone 
tool that does not fit into a conventional ground-stone-tool category. Generally, the term describes large, 
bottom-stone implements (or work surfaces) that do not have basins but are not flat metates. Some of the 
netherstones in the Luke Solar project collection had convex work surfaces. They were considered of ex-
pedient design by Adams (2002:143). Because netherstones constitute, by definition, an amorphous class 
of objects, no attempt was made to further subdivide them. The recorded variables included material type, 
completeness, shaping method, manufacturing investment, thermal alteration, worked-surface cross-section 
shape, worked-surface texture, and worked-surface plan shape. Measurements included the length, width, 
and thickness of each implement and the length, width, and depth of its worked surface. Many netherstones 
could be interpreted to be early-stage metates. The “netherstone” category was used conservatively, but sev-
eral implements defied classification otherwise.

Indeterminate Ground Stone
Fragmented pieces of ground stone were classified as indeterminate if they were too small or amorphous to 
classify as formal tool types. Indeterminate fragments were inspected and described in terms of raw-mate-
rial type, shaping method, manufacturing investment, and thermal alteration. For worked surfaces, profile 
shape, surface-plan shape, and surface texture were recorded. Weight was the only measurement commonly 
recorded on indeterminate specimens. 

Manuports
Manuports are rocks that people have transported to the Luke Solar project area, but they were not visibly 
modified. At the Luke Solar project sites, all rocks were manuports. Manuports were possible blanks for the 
production of flaked stone and ground stone tools, depending on material type, or they were rejects.

FAR
FAR was defined as rock that exhibited evidence of thermal alternation, typically marked by fragmentation, 
discoloration, and soot from use as thermal mass. FAR is typically recovered from roasting pits and hearths 
and as secondary refuse. Nearly half of the FAR sample collected from Falcon Landing was inspected for 
raw-material type and recognizable pieces of ground stone tools.
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Rare Items
A short list of rare, formal artifact types was included in the Luke Solar project collection, including the 
types pipe, donut stone, tray, polisher, and stone beads (Adams 2002). Conical pipes, sometimes referred 
to as “cloud blowers,” were often made from vesicular basalt and have only rarely been recovered from Ho-
hokam habitation sites. More often, they are recovered from Basketmaker period sites in the Four Corner’s 
region and from Late Archaic period sites in southern and central Arizona. Perforated stone disks (donut 
stones) are common items at Hohokam and Early Agricultural period sites, but their function is subject to 
speculation. Polishers are smooth-textured pebble implements that were possibly used to polish pottery, 
stone, or plaster but are recognized by their own sheen. The term “tray” was used to describe a small, thin, 
relatively delicate, basin-shaped tool or container. Stone beads make up one of several types of personal or-
naments that are common in southern Arizona, including pendants, nose plugs, figurines, and other objects 
of personal ornamentation. 

Description of the Stone Artifact Collection

The following section describes the lithic collections from Falcon Landing as well as Sites 423, 437, and 
68 and a small number of isolated artifact occurrences. Artifact descriptions are summarized and discussed 
at the level of objects and types.

Falcon Landing

The Falcon Landing collection does not seem large relative to the scale of the Luke Solar project, but it rep-
resents a substantial Archaic to Ceramic period collection. This section describes 148 flaked stone tools—in-
cluding 54 complete and fragmented projectile points—183 cores, and 7,425 pieces of debitage. The ground 
stone collection totaled 2,283 broken and complete metates and various other tools, including 760 manos. 
SRI also collected 10,192 pieces of FAR, 1,866 of which were from dated features, and a small number of 
unique personal items (Table 15). For comparison, the Luke Solar project mano collection comprised ap-
proximately half the number of manos reported from Ventana Cave (Haury 1950:308) but nearly twice the 
number of manos summarized by Adams (2005) from Late Archaic/Early Agricultural period sites in the 
middle Santa Cruz River valley. This section describes the stone artifacts from Falcon Landing, which ac-
counted for more than 98 percent of the Luke Solar project lithic collection. 

Flaked Stone Artifacts

This section describes the flaked stone artifacts in the Falcon Landing collection (n = 7,756), organized at 
the level of objects and types. Each subsection includes a brief narrative about the character of the sample 
and is accompanied by descriptive tables and figures that convey the metric attributes, provenience informa-
tion, and physical characteristics of the artifacts. The flaked-stone-artifact sample was recovered following 
a methodological approach that focused on pit features as the primary analytical units (see Chapter 3, Vol-
ume 1), and it faithfully represents that sampling approach. Slightly less than 10 percent of the flaked stone 
sample was not dated, and many of the artifacts were not well dated. Ninety-six percent of the collection 
was flake debris, and most of the collection lacked the chronological resolution needed to detect differences 
between the Middle Archaic and pre-Classic periods. We explore these limitations in the descriptive analy-
sis. The descriptions begin with cores and flakes, followed by the tools made from those cores and flakes. 
Information on the obsidian sample is provided as additional description at the end of the section.
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Cores
The core tools at Falcon Landing are an important part of the site’s character. Cores were found often by 
themselves in nonthermal pits, thermal pits, and a small number of structures but were also cached as mul-
tiples (Table 16). Most of the cores lacked chronological information, and there are no convincing arguments 
to be made about technological change based on the limited number of well-dated specimens, which did not 
distinguish themselves in terms of raw material, size, or technology. The early Chiricahua phase component 
contained 13 cores that could have been lost amid the rest of the collection, but two formal reduction strat-
egies were evident by the early Chiricahua phase. Volcanic materials overwhelmingly dominated the core 
sample, with a predominance of fine-grained basalt and a secondary selection of glassy rhyolites. Chert was 
relatively rare in the core collection. Five cores located on the surface outside the APE were documented in 
the field and not collected.

In total, 183 cores were collected from the site (see Table 16)—enough that it was possible to distinguish 
two “ideal types” in the collection (Figure 40). The most distinctive cores were cobble unifaces, which were 
often made from fine-grained basalt and showed large, well-controlled flake removals. Cobble unifaces also 
showed exaggerated platform preparation for the removal of wide, secondary flakes, sometimes resulting in 

Stone-Tool Type Number

Formal tools

Projectile point 53

Biface 34

End scraper 3

Side scraper 2

End/side scraper 4

Scraper/plane 1

Edge-modified flake (EMF) 47

Flake knife 1

Drill 3

Subtotal 148 

Cores

Cobble uniface 60

Blocky core 96

Biface/disk core 16

Flake core 6

Blade core 2

Tested cobble 3

Subtotal 183

Debitage 7,425

Ground stone 

Hammerstones 58

Indeterminate ground stone 537

Manos

Cobble mano 663

Flat mano 1

Indeterminate mano 94

Loaf mano 2

Subtotal 760

Stone-Tool Type Number

Metates

Closed-basin metate 82

Flat/concave metate 93

Grinding slab 29

Indeterminate metate 276

Indeterminate basin metate 92

Open-basin metate 1

Three-quarter-basin metate 2

Subtotal 575

Mortars 7

Pestles 94

Other ground stone

Lukeolith 68

Netherstone 43

Subtotal 111

Manuports 121

Rare items

Disk bead 13

Donut stone 1

Conical pipe 1

Polisher 1

Tray 1

Minerals 3

Subtotal 20

Total 10,039

Table 15. Summary of Stone Artifacts Collected from Falcon Landing
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Table 16. Summary Information Recorded on Cores, by Temporal Component, Falcon Landing 

Characteristics
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Core Type

Cobble uniface — 2 2 2 — 7 6 41 60

Blocky core 1 9 — 1 4 12 15 54 96

Biface/disk core — 1 — — — 1 1 13 16

Flake core — — — — — — — 6 6

Blade core — 1 — — — — — 1 2

Tested cobble — — — — — 1 — 2 3

Total number of 
specimens

1 13 2 3 4 21 22 117 183

Metrics (mean, SD)b

Cobble uniface

Maximum long axis 
(mm)

n/a 55  
(9)

85  
(9)

72  
(18)

n/a 95  
(14)

89  
(13)

91  
(25)

Volume (× 1,000) 
(mm3)

n/a 63.1  
(32.4)

240.9 
(31.3)

273.6 
(214.4)

n/a 387.0 
(214.8)

394.2 
(216.7)

403.5 
(299.1)

Maximum flake scar 
length (mm)

n/a 46  
(21)

43 

(12)

60  
(14)

n/a 60  
(34)

60  
(24)

63  
(25)

Blocky and disk core

Maximum long axis 
(mm)

48 68  
(14)

n/a n/a 53  
(13)

49  
(11)

66 (32) 70  
(22)

Volume (× 1,000) 
(mm3)

54 146.6 
(105.7)

n/a n/a 63.3 (21.3) 78.6  
(46.8)

164.2 
(277.2)

205.0 
(198.0)

Edge Battered

Cobble uniface — 1 — 1 — — 2 10 14

Blocky core — 2 — — — 2 2 10 16

Recovery Context

Activity area — — — — 2 — — — 2

Cache — — — — — 1 2 — 3

FAR concentration — — — — — 1 3 — 4

House-in-pit — 6 1 2 — — — — 9

Noncultural — — — — — — 3 — 3

Nonthermal pit — 4 1 — 1 10 9 — 25

Posthole — — — 1 — 1 — — 2

Surface structure — — — — — — 1 — 1

Thermal pit — 3 — — — 6 3 — 12

Thermal pit (bell shaped) — — — — — — 1 — 1

CBS/mixed 1 — — — 1 2 — 86 90

Site surface — — — — — — — 31 31

Total 1 13 2 3 4 21 22 117 183

Raw Material

Basalt 1 — 3 — — — 7 4 25 39

Basalt 2 — 6 1 1 — 3 3 31 45

Basalt 3 — — — — — — — 1 1

Basalt 4 — — — — — — 3 4 7

Other basalt — — — — — 1 1 10 12

Subtotal basalt — 9 1 1 — 11 11 71 104
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so-called “orange-peel” (Goodyear 1974) or “backed” flakes. Several cobble-uniface examples were found 
in an exhausted condition, but cobble unifaces were generally produced from a large, bulky technology, and 
their average maximum length at Falcon Landing was often more than 90 mm. There was no size distinc-
tion between basalt and rhyolite cores. Round cobbles showed evidence of having first been split using an 
anvil; those may explain the small cobble unifaces with quasi blade-like flake removals. The average maxi-
mum flake-scar length for cobble unifaces wahhs in excess of 40 mm. Oddly, flakes of that size appeared 
to be underrepresented in the collection. Most of the large flakes that did occur in the collection had been 
poorly executed and discarded. Only 23 percent of the cobble-uniface cores showed evidence of edge bat-
tering or abrasion from use as core tools, some of which may have been related to platform preparation. 
Three cobbles were classified as tested cobbles, as opposed to cobble unifaces. A tested cobble could be an 
early-stage cobble uniface, but 2 of the 3 tested cobbles from Falcon Landing had been thermally altered 
and apparently were not deemed suitable as cores.

The other notable core technology was the biface/disk core. The example in Figure 40a was not dated; 
it was possibly made from Kaibab chert derived from the southern Colorado Plateau area. Disk/biface cores 
were generally made from large flake blanks, resulting in plano-convex cross sections. Disk/biface cores 
were not numerous at the site, because they were designed for transport and intensive use, and they experi-
enced less-frequent discard. The cobble uniface and the biface/disk core represent two fundamentally dif-
ferent formal core technologies at the site.

Characteristics
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Chert 1 — — — — 1 1 — — 2

Chert 3 — — — — — — 1 — 1

Other chert — — — — — 2 — 4 6

Subtotal chert — — — — 1 3 1 4 9

Metaquartzite — — — — — 3 2 10 15

Metaquartzite 4 — — — — — — — 1 1

Subtotal metaquartzite — — — — — 3 2 11 16

Rhyolite 1 — — — — — — — 1 1

Rhyolite 3 — — — — — — — 1 1

Rhyolite 4 — — — — — — 1 — 1

Rhyolite 6 1 3 1 1 2 1 5 9 23

Rhyolite 8 — — — — — — 1 — 1

Rhyolite 9 — — — — — — 1 — 1

Rhyolite 11 — — — — — — — 1 1

Rhyolite 12 — — — — — — — 1 1

Other rhyolite — 1 — 1 1 2 — 13 18

Subtotal rhyolite 1 4 1 2 3 3 8 26  48

Andesite — — — — — — — 1 1

Chalcedony — — — — — 1 — 1 2

Quartz — — — — — — — 1 1

Schist — — — — — — — 1 1

Siltstone — — — — — — — 1 1

Total 1 13 2 3 4 21 22 117 183

Key: CBS = culture-bearing sediment; n/a = not applicable; SD = standard deviation.
a Cochise indicates a context directly or indirectly dated to more than one phase of the Cochise chronology or more than one Archaic 
period.
b Complete specimens.
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A large number of blocky cores were also described in the collection. These cobble-based cores showed 
more opportunistic flake removals, resulting in mostly bidirectional and multidirectional cores. Many of 
them may have begun much like a cobble uniface. Blocky cores at the site were also large, measuring 50–
70 mm in maximum long axis, on average (see Table 16), and few were repurposed as core tools. The larg-
est well-dated sample of cores included five multidirectional cores and an amorphous core associated with 
early Chiricahua phase thermal pits in Feature 2602 (see Chapter 4, Volume 1). Considering the differences 
in sample sizes, there was good concordance in the frequencies of raw-material varieties between the core 
collection and the debitage collection, confirming that basalt cobbles contributed somewhat proportionately 
to biface manufacture at the site, as did cherts and fine-grained rhyolites. This argument is further developed 
in the debitage analysis, below.

Figure 40. Cores from Falcon Landing (no temporal assignment available): (a) a chert biface/disk 
core from MSU 3671 (Inventory No. 04000C8FF) and (b) a basalt cobble uniface from MSU 1281 

(Inventory No. 04000C033).
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Debitage
The debitage collection from Falcon Landing consisted of 7,425 complete and incomplete flakes from a 
wide range of features and some nonfeature situations (Table 17). The sample contained 2,156 complete 
flakes and 1,170 proximal flake fragments as well as 4,099 other types of flake fragments. The complete 
and proximal fragments were the only specimens that we were confident represented 1 flake each, and we 
relied on that sample for many of our quantitative analyses. The complete flakes were generally small; about 
91 percent of them measured less than 40 mm each in length. Twenty-two percent of the collection consisted 
of microdebitage measuring less than 10 mm in length, and the pieces were generally small, thin flakes that 
had been removed from bifaces. The most common flake types were biface-thinning flakes (53 percent), 
core-reduction flakes (18 percent), microdebitage (15 percent), and indeterminate flakes (14 percent) (these 
are percentages of the subsample of the flakes that could be identified by type). The debitage sample, albeit 
small, constituted the only artifact class that contained an appreciable sample of dated artifacts. The collec-
tion represented a small number of features that contained 100 flakes or more apiece and many more features 
that contained only 1 or 2 flakes apiece. From the outset, it was clear that the debitage sample was heavily 
weighted by a small number of features and discrete activities. Seventy pieces of debitage located outside 
the APE were documented in the field and not collected.

The early Chiricahua phase sample (n = 645) included the contents of 19 features with multiple flakes 
(n > 5) and other flakes from low-density features and nonfeature contexts, but nearly a third of the sample 
came from a shallowly buried early Chiricahua phase activity area (Feature 1303) that also included a few 
EMFs, a drill fragment, and a small number of manos associated with 4 nonthermal pits (see Chapter 4, 
Volume 1) (Figure 41). The late Chiricahua phase sample included 74 flakes recovered from a structure that 
also included faunal bone, manos, and a metate (Feature 1244). The largest collection of debitage included 
626 flakes associated with Feature 4370, a late Chiricahua–early San Pedro phase (assigned to the Cochise 
group) nonthermal pit that contained 70 pieces of faunal bone, a stone pipe, and 3 projectile point distal 
tips. The feature was originally interpreted to be a structure. The debitage assemblage contained more than 
20 unique varieties of basalt, rhyolite, quartzite, and cherts, mostly in the form of biface-thinning flakes and 
microdebitage, indicating that the debris represented the production of multiple bifaces.

The San Pedro phase sample was dominated by Feature 4302, a structure that contained an Elko Corner-
notched projectile point fragment, and Feature 4355, a nonthermal pit that contained one San Pedro and one 
Datil projectile point. Seventy-five percent of the relatively large Cienega phase sample (n = 971) was from 
nonfeature and mixed contexts, but a smaller sample was from a Cienega phase activity area (Feature 1239) 
that contained a minor amount of faunal bone, two cores, a utilized flake, and a mano fragment. The Red 
Mountain phase sample came mostly from a structure that included a small number of plain ware sherds 
and broken mano and metate fragments (Feature 3963) and a deep charcoal/ash lens (Feature 14656). The 
small pre-Classic period sample represented the contents of a Snaketown phase structure (Feature 1290) that 
contained some faunal bone, two EMFs, and a small, unidentified mineral inclusion.

A single decortication flake of rhyolitic tuff was grab-sampled from the wall of TR 4211 and was as-
sociated with a radiocarbon date of 6000–5890 b.c. (Sulphur Spring phase), but it was from mixed deposits 
and does not warrant special description (see Table 17). The same level of attention was given to 1 flake as-
signed to the Protohistoric period and 3 flakes assigned to the Historical period. Table 17 shows that the other 
dated flake samples ranged from 103 (pre-Classic period) to 971 (Cienega phase) specimens and included a 
large amount of microdebitage. These numbers are extremely small for flaked stone analysis, because hun-
dreds of small flakes can be created during the production of a single stone tool. Regardless, the variability 
observed in the debitage collection through time (between features) implies clear behavioral differences in 
raw-material use and the reduction/production stage of stone tools. 

Raw materials in the Falcon Landing debitage sample showed the use of many different types of rock, 
but as a whole, the collection was dominated by fine-grained basalts and rhyolites and small contributions 
of chert, chalcedony, and quartzite (Figure 42; Table 18). Only 19 percent of the debitage sample was corti-
cal (see Table 17), but 17 percent of it had alluvial-cobble cortex. The flaked-stone-raw-material reference 
collection included 52 specific and generic rock types that were used to measure the diversity of raw ma-
terials in the collection (see Table 14). The most diverse categories were rhyolites (12 varieties) and cherts 
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Figure 41. Recovery contexts (feature numbers) and sizes of 
the largest dated debitage samples at Falcon Landing.
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Figure 42. Proportions of the most-common raw materials in the debitage samples 
from Falcon Landing.



 130

Ta
b
le

 1
8
. R

aw
-M

at
er

ia
l D

is
tr

ib
ut

io
n 

am
o
ng

 F
la

ke
d
 S

to
ne

 D
eb

it
ag

e,
 b

y 
Te

m
p
o
ra

l C
o
m

p
o
ne

nt
, F

al
co

n 
L
an

d
in

g
 

M
at

er
ia

l T
yp

e

Sulphur 
Spring

Early 
Chiricahua

Late 
Chiricahua

San Pedro

Cienega

Red Mountain

Pre-Classic

Protohis toric

Historical

Cochise
a

Cochise to 
Historical

Not Dated

To
ta

l

B
as

al
t 1

—
11

6
15

84
67

13
17

—
1

44
5

14
5

10
3

1,
00

6

B
as

al
t 2

—
79

24
37

72
46

7
—

—
36

4
91

83
80

3

B
as

al
t 3

—
9

1
6

1
1

—
—

—
17

15
12

62

B
as

al
t 4

—
9

4
9

9
1

5
—

—
27

7
5

76

V
es

ic
ul

ar
 b

as
al

t
—

1
—

—
—

1
—

—
—

2
1

—
5

O
th

er
 b

as
al

t
—

50
6

10
22

5
59

3
—

—
17

6
60

75
66

4

Su
bt

ot
al

 b
as

al
t

—
26

4
50

14
6

37
4

12
1

32
—

1
1,

03
1

31
9

27
8

2,
61

6

C
he

rt
 1

—
8

—
1

7
1

4
—

—
27

6
3

57

C
he

rt
 2

—
3

—
5

15
—

2
—

—
21

4
3

53

C
he

rt
 3

—
1

—
1

2
—

4
—

—
3

1
—

12

C
he

rt
 4

—
—

—
—

3
—

1
—

—
3

2
1

10

C
he

rt
 5

—
—

—
—

2
—

1
—

—
4

1
—

8

C
he

rt
 6

—
—

—
2

1
1

1
—

—
6

—
—

11

C
he

rt
 7

—
9

1
2

2
—

—
—

—
8

—
—

22

C
he

rt
 8

—
1

—
—

9
—

—
—

—
4

—
1

15

C
he

rt
 9

—
—

—
—

1
—

—
—

—
2

7
—

10

O
th

er
 c

he
rt

—
42

2
10

12
6

4
5

—
—

69
26

24
30

8

Su
bt

ot
al

 c
he

rt
—

64
3

21
16

8
6

18
—

—
14

7
47

32
50

6

M
et

aq
ua

rt
zi

te
 1

—
1

—
1

1
—

—
—

—
4

—
—

7

M
et

aq
ua

rt
zi

te
 2

—
1

3
2

1
—

1
—

—
29

6
—

43

M
et

aq
ua

rt
zi

te
 3

—
6

2
1

4
6

1
—

—
20

24
7

71

M
et

aq
ua

rt
zi

te
 4

—
—

1
—

—
—

—
—

—
12

5
2

20

O
th

er
 m

et
aq

ua
rt

zi
te

—
10

2
7

6
3

1
—

1
97

25
46

19
8

O
rt

ho
qu

ar
tz

ite
—

—
—

—
—

—
—

—
—

2
1

—
3

Su
bt

ot
al

 m
et

aq
ua

rt
zi

te
—

18
8

11
12

9
3

—
1

16
4

61
55

34
2

R
hy

ol
ite

 1
—

29
20

47
28

38
6

1
—

32
9

20
5

44
74

7

R
hy

ol
ite

 2
—

—
—

1
—

—
—

—
—

3
1

—
5

R
hy

ol
ite

 3
—

11
2

6
6

1
1

—
—

10
5

60
15

20
7

R
hy

ol
ite

 4
—

12
3

26
5

2
1

—
—

15
0

46
10

25
5

R
hy

ol
ite

 5
—

1
—

—
1

1
—

—
1

5
—

1
10

R
hy

ol
ite

 6
—

77
12

33
70

41
21

—
—

32
6

87
80

74
7



 131

M
at

er
ia

l T
yp

e

Sulphur 
Spring

Early 
Chiricahua

Late 
Chiricahua

San Pedro

Cienega

Red Mountain

Pre-Classic

Protohis toric

Historical

Cochise
a

Cochise to 
Historical

Not Dated

To
ta

l

R
hy

ol
ite

 7
—

9
—

1
1

—
2

—
—

12
3

—
28

R
hy

ol
ite

 8
—

3
—

2
1

2
—

—
—

16
10

11
45

R
hy

ol
ite

 9
—

5
1

3
5

1
—

—
—

10
7

2
34

R
hy

ol
ite

 1
0

—
—

—
1

—
1

—
—

—
16

1
—

19

R
hy

ol
ite

 1
1

—
3

1
20

—
2

1
—

—
41

52
4

12
4

R
hy

ol
ite

 1
2

—
—

2
1

—
—

—
—

—
6

—
4

13

O
th

er
 r

hy
ol

ite
—

80
5

27
10

1
58

3
—

—
46

9
14

5
15

0
1,

03
8

Su
bt

ot
al

 r
hy

ol
ite

—
23

0
46

16
8

21
8

14
7

35
1

1
1,

48
8

61
7

32
1

3,
27

2

A
nd

es
ite

—
—

—
—

2
—

—
—

—
1

1
5

9

A
rg

ill
ite

—
—

—
—

—
—

—
—

—
—

—
2

2

C
al

ic
he

—
—

—
—

2
—

—
—

—
—

—
—

2

C
ha

lc
ed

on
y

—
51

5
6

14
3

6
9

—
—

96
10

31
35

7

B
re

cc
ia

—
—

—
—

—
—

—
—

—
1

—
—

1

D
ac

ite
—

1
—

—
—

—
—

—
—

2
1

—
4

G
ra

ni
te

—
1

—
—

—
—

2
—

—
5

10
—

18

M
et

as
ed

im
en

t
—

5
—

1
—

—
—

—
—

10
1

—
17

L
im

es
to

ne
—

—
—

—
2

—
—

—
—

2
1

1
6

O
bs

id
ia

n
—

2
—

—
27

—
—

—
—

5
1

—
35

Pe
tr

if
ie

d 
w

oo
d

—
—

—
—

—
—

—
—

—
1

—
—

1

Ph
yl

lit
e

—
1

—
—

—
—

—
—

—
—

—
—

1

Q
ua

rt
z

—
8

8
11

19
4

4
—

—
26

10
12

10
2

Sh
al

e
—

—
—

—
—

1
—

—
—

—
—

—
1

Sc
hi

st
—

—
—

—
—

—
—

—
—

—
1

—
1

Si
lts

to
ne

—
—

2
3

4
—

—
—

—
36

35
2

82

T
uf

f
1

—
—

—
—

—
—

—
—

11
1

—
12

In
de

te
rm

in
at

e
—

—
—

1
—

—
—

—
—

34
2

—
37

To
ta

l
1

64
5

12
2

36
8

97
1

29
4

10
3

1
3

3,
06

0 
1,

11
8

73
9

7,
42

5 

a 
C

oc
hi

se
 in

di
ca

te
s 

a 
co

nt
ex

t d
ir

ec
tly

 o
r 

in
di

re
ct

ly
 d

at
ed

 to
 m

or
e 

th
an

 o
ne

 p
ha

se
 o

f 
th

e 
C

oc
hi

se
 c

hr
on

ol
og

y 
or

 m
or

e 
th

an
 o

ne
 A

rc
ha

ic
 p

er
io

d.



 132

(9 varieties). The great diversity of the chert sample suggests that many of the chert artifacts were not de-
rived from the Agua Fria River gravels, but those gravels have not been systematically surveyed for knap-
pable cherts. A wide variety of rhyolites can be expected from the Agua Fria River gravels. The obsidian 
at Falcon Landing came from the southern Colorado Plateau and the Sonoran Desert and is analyzed and 
discussed in more detail at the end of this section. Important differences in raw-material use were evident 
between reduction methods, as described below.

The technological character of the dated sample is conveyed in a series of graphs in Figure 43. In most 
instances, the ratio of cortical to noncortical flakes was a reliable proxy for gauging reduction stages, from 
initial core reduction to transported core reduction and tool manufacture. The cobble-uniface cores at Falcon 
Landing partly spoiled that construct, however, because they were designed to produce cortical (“orange-
peel”) flakes throughout their use lives. With that caveat in mind, the San Pedro phase sample was isolated 
for having both the highest percentage of noncortical flakes and the highest proportion of biface-thinning 
flakes (see Figure 43a and b). The other dated samples had approximately equal proportions of biface-thin-
ning flakes. The pre-Classic period sample had a disproportionate amount of noncortical microdebitage and, 
consequently, fewer biface or core-reduction flakes than the other samples. The core-reduction flakes left at 
Falcon Landing (see Figure 43c) were not necessarily expedient flake tools; most of them were too small to 
have been effectively used for that; however, many of them may have been core-trimming flakes produced 
in the process of creating large flakes for biface production. The microdebitage factored heavily into the 
analysis, as demonstrated in the pre-Classic period sample (see Figure 43d). All of the samples showed a 
combination of core, biface-thinning, and microdebitage flakes.

The three dominant materials at Falcon Landing (basalt, rhyolite, and chert) received differential treat-
ment, repeating a predictable theme in the comparison of coarse-grained and fine-grained raw materials. As 
shown in Figure 44, basalt experienced slightly more core reduction, whereas rhyolite and cherts experienced 
significantly more biface reduction. Core reduction accounts for approximately 16 percent of all basalt deb-
itage, whereas biface reduction accounts for 27 percent of the sample. At the other end of the spectrum, core 
reduction is responsible for 10 percent of all chert debitage, but 47 percent of the chert sample was produced 
by biface reduction. This pattern certainly reflects the “ready-made” condition of transported chert cores that 
did not require the decortication and shaping that local basalt and rhyolite cobbles did. It does not explain 
why rhyolite and basalt cobbles did not experience equal amounts of core reduction, but we attribute that to 
material quality rather than proximity.

Flake-to-core ratios can also inform on reduction intensity, the duration of site occupations, and tool trans-
port (Parry and Kelly 1987). Among basalt, rhyolite, quartzite, and chert, the most intensively reduced mate-
rial was rhyolite, with 67 core-reduction flakes per core. Chert also witnessed intensive reduction (56 flakes 
per core). Basalt and quartzite had much lower flake-to-core ratios (approximately 24 flakes per core each), 
although that does not mean that they were reduced with equal intensity. Quartzite was not a popular mate-
rial for biface manufacture at the site, and its reduction intensity was low; basalt was intensively reduced, 
but not in relation to the number of cobble unifaces at the site.

All of the rocks at Falcon Landing were curated to a greater or lesser extent, and core flakes at Falcon 
Landing did not necessarily reflect prolonged habitation and the need for expedient flake tools. In fact, there 
was little evidence that expedient flake tools were in demand there, as discussed below. The interesting as-
pect of what is shown in Figure 44 is how much local material was invested in the production of bifaces. The 
treatments of rhyolites and cherts were nearly indistinguishable. This indicates that flaked stone reduction 
at Falcon Landing was highly focused on using local cobbles for the production of bifaces, but a number of 
nonlocal “mobile” cores obviously cycled through the site, as well. A look at raw-material use through time 
indicated that chert use was never high, but a minor increase occurred during the Cienega phase (Figure 45). 
The same graph shows the diversity of all raw-material varieties in each dated sample. Raw-material diver-
sity was lowest for the Red Mountain phase and the pre-Classic period, but those samples sizes were very 
small. Basalt use was highly stable through time.

Early in the analysis, it was clear that flake artifacts at Falcon Landing did not represent the entire se-
quence of core reduction at the site. The collection had lots of big cores and lots of small biface-thinning 
flakes but very little between. As discussed previously, cobble unifaces and blocky cores were used to create 
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Figure 43. Technological summary of flaked stone debitage at Falcon 
Landing, including (a) the ratio of cortical to noncortical flakes, (b) the 

fraction of biface-thinning flakes, (c) the fraction of core-reduction 
flakes, and (d) the fraction of microdebitage.
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Figure 44. Distribution of cortical and noncortical 
biface-thinning flakes and core flakes at Falcon 
Landing made from basalt, rhyolite, and chert.
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flakes that ranged between about 40 and 60 mm (see Table 16), but less than 10 percent of the flakes in the 
sample measured greater than 40 mm. The cobble reduction performed at Falcon Landing should have resulted 
in more large flakes (Patterson 1990). Large flakes struck from cobble unifaces or blocky cores were either sys-
tematically reduced into bifaces or transported off-site, but they were not casually detached, used, and discarded.

Scrapers
The scraper collection amounted to only 10 artifacts, none of which was precisely dated (Table 19). The most 
remarkable aspect of the scraper collection was the paucity of scrapers at the site in comparison to other Ar-
chaic period assemblages. Of the 10 items classified as scrapers, only 3 were well-executed flakes with inten-
sive retouch (e.g., Figure 46b and c). The rest were large and crude. They were distinguished from informal 
modified flakes by the length, location, and intensity of each retouched edge. One of the side scrapers was 
indirectly associated with a Sulphur Spring phase radiocarbon date, but it was not recovered from a feature. 
It was a large, broken flake of basalt with continuous retouch along one lateral edge. A single specimen was 
classified as a broken scraper/plane—a common form in other Middle Archaic period assemblages (Haury 
1950:187; Sayles 1983:73) but one that was not heavily utilized at Falcon Landing. One peculiar edge-tool 
design was the use of a flat, cortical surface as the planar side of a scraper, creating a retouched-flake tech-
nology that was essentially upside-down, and this behavior was also seen in the modified-flake collection. 
The limited number of formal scrapers suggests that they did not fulfill a regular function at Falcon Landing.

EMFs
The character of the EMF collection, and the edge-tool industry in general, is disappointing compared to the 
character of other tools. Only 47 flakes showed some evidence of retouch. The EMFs can be separated into 
two modes: 38 small, broken flakes of fine-grained basalts, rhyolites, cherts, and a single obsidian piece that 
showed informal edge modification extending 1–3 mm along one edge and 9 large, mostly intact flakes of 
basalt that exhibited rounding, crushing, and/or crude retouch extending along the distal or lateral edges. Only 
22 of the retouched implements were recovered from features (Table 20), including structures, nonthermal 
pits, and thermal pits, in nearly equal proportions, as well as activity areas, middens, and a FAR concentration. 

Figure 45. Proportions of all basalt, rhyolite, and chert artifacts and 
raw-material diversity at Falcon Landing.
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Table 19. Summary Information Recorded on Scrapers, by Temporal Component, Falcon Landing 

Characteristics Sulphur Spring Cochisea Cochise to 
Historical

Not Dated Total

Type

End scrapers — 1 1 1 3

Side scrapers 1 — 1 — 2

End/side scrapers — 2 1 1 4

Scraper/plane — — — 1 1

No. complete — 3 2 2 7

Total number of specimens 1 3 3 3 10

Maximum Long Axis Range (mm)b

45–71 32–49 46–71 32–71

Edge Morphology

Straight 1 — 1 — 2

Concave — — — 3 3

Convex — 2 2 — 4

Irregular — 1 — — 1

Notched — — — — —

Total 1 3 3 3 10

Edge angle (mean, SD) 70 73 (8) 65 (13) 68 (6) n/a

Recovery Context

Noncultural — — 2 — 2

Nonthermal pit — 1 1 — 2

Nonthermal pit (bell shaped) — 1 — — 1

Surface structure — 1 — — 1

CBS/mixed 1 — — 2 3

Site surface — — — 1 1

Total 1 3 3 3 10

Raw Material

Basalt 1 — — — 2 2

Basalt 2 1 1 — — 2

Basalt 4 — — 1 — 1

Chert 2 — 1 — — 1

Other chert — — 1 — 1

Rhyolite 6 — 1 — — 1

Chalcedony — — 1 — 1

Petrified wood — — — 1 1

Total 1 3 3 3 10

Key: CBS = culture-bearing sediment; n/a = not applicable; SD = standard deviation.
a Cochise indicates a context directly or indirectly dated to more than one phase of the Cochise chronology or more than one Archaic 
period.
b Complete specimens.
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None of the artifacts was well executed or shaped. Two of the better-executed and more extensively modified 
examples are shown in Figure 46d and e.

The large EMFs can be compared to “ground-edged flakes” as described from Chiricahua phase com-
ponents by Sayles (1983:Figure 6.12c), but they represented an insignificant portion of the Falcon Landing 
collection. The expedient use of large or small flakes as edge tools was not a common behavior at the site. 
One large, complete EMF made from basalt was collected from the wall of TR 10067, in a nonsite portion 
of the APE.

Knife
One relatively large obsidian-flake knife was recovered from Falcon Landing. The artifact is fully described 
in the section below that discusses the obsidian sample.

Drills
Three small drill fragments were included in the site collection, including a 13-by-10-by-5-mm basalt mid-
section from Feature 1303, an early Chiricahua phase structure. The item was weakly serrated and beveled, 
an attribute of projectile point blades that have been reduced to drill-like forms. Another 12-by-6-by-3-mm 
distal tip made from chalcedony with obvious use wear was found while evaluating a possible pit feature, 
but it was from a nonfeature context. The last drill was also made from chalcedony and was a 22-by-17-by-
6-mm proximal fragment found in a nonfeature context during mechanical stripping in MSU 1281. Drills 
are not common in flaked stone assemblages, but their functions and distributions have not attracted careful 

Figure 46. Scrapers and edge-modified flakes from Falcon Landing: (a) a basalt (Subtype 2) 
end scraper from Feature 8561, a surface structure (Inventory No. 04000CF9E, Cochise); 

(b) a chert end/side scraper from Feature 3551, a nonthermal pit (Inventory No. 040010FB9, 
Cochise); (c) a chalcedony end/side scraper from Feature 10118, a noncultural feature 

(Inventory No. 04000C49A, Cochise to Historical period); (d) a rhyolite (Subtype 8) edge-
modified flake from Feature 1303, an activity area (Inventory No. 040010E8F, early Chiricahua 

phase); and (e) a chalcedony edge-modified flake from Feature 8156, a nonthermal pit 
(Inventory No. 0400111DC, Cochise). (Note: “Cochise” indicates a context directly or 

indirectly dated to more than one phase of the Cochise chronology or more than one Archaic 
period.)
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Table 20. Summary Information Recorded on Edge-Modified Flakes, by Temporal Component, Falcon 
Landing

Characteristics
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Portion

Complete 3 — 1 — 7 3 18 32

Proximal 2 — 1 — — — 1 4

Distal 3 1 — 1 1 — — 6

Midsection — — 1 — 1 — 1 3

Lateral — — — 1 — — — 1

Indeterminate fragment — — — — 1 — — 1

Total number of specimens 8 1 3 2 10 3 20 47

Metrics (mm)

Maximum long axis  
(mean, SD)

42  
(24)

21 34  
(5)

30  
(13)

39  
(20)

47  
(31)

69  
(29)

n/a

Edge angle (mean, SD) 52  
(14)

80 40  
(17)

73  
(4)

49  
(22)

47  
|(13)

58  
(19)

n/a

Recovery Context

Activity area 3 — 1 — — — — 4

FAR concentration — — — — 1 — — 1

House-in-pit 2 — — 2 — 1 — 5

Midden 2 — — — — — — 2

Nonthermal pit — 1 — — 4 — — 5

Thermal pit — — — — 3 2 — 5

CBS/mixed 1 — 2 — 2 — 13 18

Site surface — — — — — — 7 7

Total 8 1 3 2 10 3 20 47

Raw Material

Basalt 1 — — 1 — 2 — 4 7

Basalt 2 2 — — — — — 5 7

Basalt 3 2 — — — — — — 2

Basalt 4 — — — — — — 1 1

Other basalt — — — — — — 1 1

Chert 1 — — — — — — 1 1

Chert 2 — 1 — — — — — 1

Chert 9 — — — — 1 — — 1

Other chert 1 — — — 1 — 1 3

Metaquartzite 3 — — 1 — — — — 1

Other metaquartzite — — — — — — 1 1

Rhyolite 1 — — — — 1 1 — 2

Rhyolite 6 1 — — — — — 3 4

Rhyolite 8 1 — 1 — — 1 — 3

Rhyolite 11 — — — — — — 1 1



 139

study. Haury (1950:301–303) documented 54 formal drills from Ventana Cave—nearly 1 percent of the 
flaked-stone-tool sample—and commented that they were rare at Snaketown and nonexistent at San Pedro 
phase sites in southeastern Arizona. The sample from Falcon Landing indicates infrequent drill-related tasks.

Bifaces
The biface collection from Falcon Landing consisted of 34 bifaces, 31 of which were broken. The sample 
included mostly poorly executed, small bifaces, but the larger pieces indicated the late-stage breakage of 
bifaces due to lateral bending breaks. A couple (n = 2) of the bifaces were well shaped and may represent 
the distal tips of completed San Pedro points (Figure 47b and c), but their pristine edges, form, and break-
age demonstrated that they had not experienced use when they broke. Only 8 of the bifaces came from well-
dated features or strata, including 2 bifaces from early Chiricahua phase nonthermal pits (Features 2465 and 
14580). One of these (see Figure 47a) was a parallel-sided preform for what was probably intended to be 
a Chiricahua point, based on its age and comparison to the projectile point collection. Two well-made but 
minute biface fragments (1 by 1 cm) were manufactured from obsidian.

Feature 4302, a structure, contained 1 of the San Pedro phase bifaces, a thick piece of rhyolite associ-
ated with an Elko Corner-notched projectile point, and a small concentration of mostly basalt and rhyolite 
debitage. Feature 4308, another San Pedro house-in-pit, contained a rhyolite biface midsection amid fewer 
than 20 flakes of various materials (see Chapter 4, Volume 1). Discrete knapping stations or events were 
not identified during excavation or analysis. Even small debitage collections often contained multiple types 
and varieties of raw material. Four bifaces were found in Cienega phase deposits, but 2 of them were very 
small, lateral fragments from 2 separate obsidian bifaces (or points); 1 was excavated from a nonthermal 
pit (Feature 1469).

The interesting information provided by the bifaces is that the most-common raw materials were rhyo-
lite, chert, and basalt (Table 21), which is disproportionate to the frequency of those materials in the deb-
itage sample (see Table 17). Rhyolite and chert bifaces were clearly overrepresented, and basalt bifaces were 
underrepresented. Also, including the probable Chiricahua projectile point preform from Feature 14580, 
two general forms were found in the biface sample: a straight-based preform (see Figure 47a, d, and e) and 
a convex-based preform (see Figure 47f and h). The biface identified in Figure 47e was recovered from a 
thermal pit (Feature 3044) and appeared to have suffered a lateral break that had been carefully repaired 
using bifacial retouch. 

Projectile Points
In total, 53 projectile points were recovered from Falcon Landing. Organized in terms of frequency, projec-
tile point types recognized in the collection included Chiricahua (n = 9), San Pedro (n = 8), Cortaro (n = 4), 
Datil (n = 3), Elko Corner-notched (n = 1), generic contracting stem (n = 1), and Colonial Stemmed (n = 1) 
(Figures 48 and 49). The other 26 specimens were indeterminate dart points (n = 4) or dart-point frag-
ments (n = 22) (Table 22). The most common recovery contexts for projectile points were pits, from which 
16 projectile points were recovered. Other recovery contexts included structures (n = 6), a midden (n = 1), 
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Other rhyolite — — — — 1 — 2 3

Chalcedony 1 — — 1 2 1 — 5

Obsidian — — — — 1 — — 1

Siltstone — — — 1 1 — — 2

Total 8 1 3 2 10 3 20 47

Key: CBS = culture-bearing sediment; n/a = not applicable; SD = standard deviation.
a Cochise indicates a context directly or indirectly dated to more than one phase of the Cochise chronology or more than one Archaic 
period.
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Figure 47. Bifaces from nonthermal-pit features (unless otherwise specified) at Falcon 
Landing: (a) rhyolite, from Feature 14580 (Inventory No. 04000F1F5, early Chiricahua 

phase); (b) basalt, from Feature 11390 (Inventory No. 04000E72C, poorly dated, Middle 
Archaic to Protohistoric period); (c) basalt, from Feature 4370 (Inventory No. 04000C2CF, 
Cochise); (d) rhyolite, from Feature 4370 (Inventory No. 040010FC0, Cochise); (e) chert, 

from thermal-pit Feature 3044 (Inventory No. 04000CF78, Cochise); (f) chert, from 
Feature 4370 (Inventory No. 04000C245, Cochise); (g) rhyolite, from a nonfeature context 

(Inventory No. 04000EF63, no temporal assignment available); and (h) rhyolite, from a 
nonfeature context (Inventory No. 04000EF4C, no temporal assignment available). (Note: 
“Cochise” indicates a context directly or indirectly dated to more than one phase of the 

Cochise chronology or more than one Archaic period.)
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Table 21. Summary Information Recorded on Bifaces, by Temporal Component, Falcon Landing

Characteristics Early Chiricahua San Pedro Cienega Cochisea Cochise to 
Historical

Not Dated Total

Portion

Complete — — — 2 — — 2

Proximal — — — 4 — 1 5

Distal 2 — 2 6 2 8 20

Midsection — 1 — — — 1 2

Lateral — — 2 — — 1 3

Indeterminate — 1 — 1 — — 2

Number of specimens 2 2 4 13 2 11 34

Metrics b

Width/thickness ratio 
(mean, SD)

2.91  
(0.48)

2.94  
(0.70)

2.11  
(0.77)

2.99  
(1.08)

2.97  
(0.39)

3.25  
(0.68)

n/a

Recovery Context

Activity area — — — 1 — — 1

House-in-pit — 2 — — 1 — 3

Nonthermal pit 2 — 1 8 — — 11

Nonthermal pit (bell shaped) — — — 1 — — 1

Thermal pit — — — 1 1 — 2

CBS/mixed — — 3 1 — 6 10

Natural stratum — — — 1 — — 1

Site surface — — — — — 5 5

Total 2 2 4 13 2 11 34

Raw Material

Basalt 1 — — — 2 1 — 3

Basalt 2 — — — 3 — — 3

Subtotal basalt — — — 5 1 — 6

Chert 1 — — — — — 1 1

Chert 2 1 — — — — — 1

Other chert — — 1 2 — 1 4

Subtotal chert 1 — 1 2 — 2 6

Rhyolite 1 — — — 1 — 3 4

Rhyolite 3 — — 1 — 1 — 2

Rhyolite 4 — 1 — 1 — — 2

Rhyolite 6 1 — — 2 — 2 5

Rhyolite 7 — — — 1 — 1 2

Rhyolite 8 — 1 — — — — 1

Subtotal rhyolite 1 2 1 5 1 6 16

Chalcedony — — — — — 3 3

Obsidian — — 2 — — — 2

Siltstone — — — 1 — — 1

Total 2 2 4 13 2 11 34

Key: CBS = culture-bearing sediment; n/a = not applicable; SD = standard deviation.
a Cochise indicates a context directly or indirectly dated to more than one phase of the Cochise chronology or more than one Archaic 
period.
b Lateral fragments excluded.
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Figure 49. Additional projectile point types from Falcon Landing (from nonfeature contexts, 
unless otherwise specified). Datil projectile points: (a) basalt, from Feature 4355, a nonthermal 

pit (Inventory No. 04000C350, San Pedro phase); (b) chert (Inventory No. 04000F3A6, not dated); 
and (c) rhyolite, from Feature 18152, a nonthermal pit (Inventory No. 040010B88, early Chiricahua 

phase). Cortaro projectile points: (d) basalt, from Feature 1337, an activity area (Inventory No. 
04000C8F7, Cochise), and (e) chalcedony, from Feature 1337, an activity area (Inventory No. 
04000C8EC, Cochise). Other projectile point types: (f) basalt contracting stem (Inventory No. 

040010798, not dated); (g) chert Elko Corner-notched, from Feature 4302, a house-in-pit (Inventory 
No. 04000C249, San Pedro phase); (h) basalt indeterminate (Inventory No. 04000BB78, not 

dated); (i) chalcedony Colonial Stemmed (Inventory No. 04000C9D6, not dated); and (j) basalt 
indeterminate, from Feature 10278, a possible reservoir (Inventory No. 04000FB91, San Pedro 

phase). (Note: “Cochise” indicates a context directly or indirectly dated to more than one phase of 
the Cochise chronology or more than one Archaic period.)
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Table 22. Attributes and Variables Recorded for Projectile Points, Falcon Landing 

Catalog No. Unit No. Unit Type
Feature 

No.
Sub- 

feature
Feature  

Type
Type

Radiocarbon 
Age

Stratigraphic 
Age

Portion
Material  

Type
Material 
Subtype

Max. 
Length 
(mm)

Max. 
Width 
(mm)

Max. 
Thickness 

(mm)

Neck 
Width 
(mm)

Basal 
Width 
(mm)

Basal 
Concavity 

Depth (mm)

Piercing  
Tip

Serrations Reworked Beveling Burned Comments/Figure No

040010798 19174 point 
provenienced

contracting 
stem

complete basalt 40 19 5.4 yes yes none no no see Figure 3.13f

04000E3E9 11043 point 
provenienced

Chiricahua complete rhyolite 32 26 4.4 18.7 26 9 no yes blade no yes heavily resharpened/see 
Figure 3.12e

04000BF5F 1301 point 
provenienced

Chiricahua complete basalt  basalt 2 26 23 4.7 14.4 23 6.3 no no blade no no see Figure 3.12f

04000C3F2 3682 point 
provenienced

Chiricahua complete rhyolite rhyolite 1 37 22 4.5 10.1 21 6 yes yes none no no fashioned from thin flake/
see Figure 3.12b

04000C5E2 5532 section 1523 thermal pit Chiricahua 2870–
2630 b.c.

proximal, 
ear

basalt basalt 2 50 22 5.3 14.8   5.2 yes no none no no see Figure 3.12a

04000C646 5652 section 1334 nonthermal pit Chiricahua 1440–
1310 b.c.

proximal basalt basalt 2 20 23 4.2 17.1 23 6.3 indet. indet. indet. no no see Figure 3.12i

04000C196 10111 point 
provenienced

Chiricahua complete chalcedony 23 24 4.6 18.5 24 4.1 yes no blade no no heavily resharpened/see 
Figure 3.12g

04000E3D5 10501 point 
provenienced

Chiricahua complete chalcedony 16 19 4.3 13.7 19 3.4 no no blade no no heavily resharpened/see 
Figure 3.12h

04000C5EF 5528 section 1535 charcoal/ash 
lens

Chiricahua 5320–720 b.c. complete basalt basalt 2 32 18 3.7 15.5 18 4.3 no no none no no fashioned from thin flake/
see Figure 3.12c

04000C19D 10200 point 
provenienced

Chiricahua complete basalt basalt 2 30 21 4.2 16.5 21 1.9 yes no blade no no see Figure 3.12d

04000FB8A 18697 section 17908 20285 house-in-pit San Pedro 160 b.c.–
a.d. 330

complete chert 45 19 6.2 9.9 13.8 yes no blade no no corner notched/see 
Figure 3.12o

04000FB97 18751 point 
provenienced

14755 nonthermal pit San Pedro 1260–
1050 b.c.

complete rhyolite 55 19 5.7 11.4 15.7 yes yes none no no side notched/see 
Figure 3.12k

04000F3A7 17386 point 
provenienced

15173 nonthermal pit San Pedro 1270–
1050 b.c.

distal, stem metaquartzite metaquartzite 
3

45 19 5.3 12.7   yes yes none no no side notched/see 
Figure 3.12n

04000F5B9 17622 section 14702 house-in-pit San Pedro a.d. 20–120 complete rhyolite rhyolite 1 34 20 6.3 9.1 12.7 yes no none no no corner notched/see 
Figure 3.12p

04000C19A 10162 point 
provenienced

San Pedro distal, stem basalt basalt 1 34 18 6.3 10.3   yes no blade no no corner notched; proximal 
margin impact fractured/see 
Figure 3.12q

04000D226 8655 test pit 3256 midden San Pedro 1200–930 b.c. complete basalt basalt 2 46 18 7.8 11.2 16 no yes blade no no corner notched; fragmented 
during excavation/see 
Figure 3.12m

04000D1E4 8230 test pit indet. 720–200 b.c. distal rhyolite 21 18 4.4     no no indet. no no
04000D21C 8230 test pit San Pedro 720–200 b.c. proximal rhyolite 43 23 8.3 14.2 16.5 indet. yes none no no side notched; probably bro-

ken during manufacture
04000C348 2898 test pit 4355 nonthermal pit San Pedro 1110–

1000 b.c.
distal, stem rhyolite 59 21 7.9 13.5   yes yes blade no no probably side notched; 

proximal margin missing/
see Figure 3.12l

04000C350 2898 test pit 4355 nonthermal pit Datil 1110–
1000 b.c.

complete rhyolite rhyolite 11 55 30 7.1 15 15.1 no yes blade no no see Figure 3.13a

040010B88 18152 feature 18152 nonthermal pit Datil 2810–
2420 b.c.

complete rhyolite rhyolite 1 45 21 7 12.1 12.3 no no blade no no see Figure 3.13c

04000F3A6 15374 point 
provenienced

Datil complete chert 48 25 8.5 11.2 11.6 yes no none no no  see Figure 3.13b

04000C8EC 6129 section 1337 activity area Cortaro 5320–720 b.c. proximal chalcedony 25 25 4.7 25 3.8 indet. indet. indet. no no  see Figure 3.13e
04000C8F7 6212 point 

provenienced
1337 activity area Cortaro 5320–720 b.c. complete basalt basalt 1 42 23 5 23 3.1 no no blade no no  see Figure 3.13d

04000C19B 10163 point 
provenienced

Cortaro proximal basalt basalt 2 27 25 8.8 25 3 indet. indet. blade indet. no basal edge lightly ground

04000CF67 8133 section 1296   nonthermal pit Cortaro 5320–720 b.c. proximal rhyolite rhyolite 1 22 28 6.8 2.2 indet. indet. indet. no no
04000C249 1569 test pit 4302   house-in-pit Elko 

corner-notched
1130–

1000 b.c.
  proximal chert 35 30 8.2 17.4 indet. no none no no see Figure 3.13g

04000C9D6 6925 point 
provenienced

Colonial 
stemmed

complete chalcedony 36 14 5.3 4.9 yes yes indet. no no see Figure 3.13i
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Catalog No. Unit No. Unit Type
Feature 

No.
Sub- 

feature
Feature  

Type
Type

Radiocarbon 
Age

Stratigraphic 
Age

Portion
Material  

Type
Material 
Subtype

Max. 
Length 
(mm)

Max. 
Width 
(mm)

Max. 
Thickness 

(mm)

Neck 
Width 
(mm)

Basal 
Width 
(mm)

Basal 
Concavity 

Depth (mm)

Piercing  
Tip

Serrations Reworked Beveling Burned Comments/Figure No

04000BD97 2045 point 
provenienced

indet. complete chalcedony 33 18 6.4 13.6 14 indet. no indet. no no distal tip broken during 
excavation

04000BB78 2163 point 
provenienced

indet. midsection basalt basalt 1 16 28 6.1 indet. yes indet. no no possible San Jose/see 
Figure 3.13h

04000C23D 2875 test pit 4353 nonthermal pit indet. 5320–
1380 b.c.

distal basalt  basalt 2 30 23 4.6 no no none no no

04000C2C8 2892 test pit 4388 house-in-pit indet. 3020–
2890 b.c.

distal rhyolite rhyolite 6 32 15 3 yes yes none no no probably Chiricahua/see 
Figure 3.12j

04000C0BA 4370 feature 4370 nonthermal pit indet. 1380–
1120 b.c.

distal rhyolite rhyolite 8 27 19 5.4 no no blade no no

040010E83 2872 test pit 4370 nonthermal pit indet. 1380–
1120 b.c.

distal basalt basalt 1 20 14 6 indet. no indet. indet. no possible impact fracture

04000C65F 3840 point 
provenienced

indet. distal rhyolite rhyolite 1 37 23 6.5 yes no blade no no

04000C231 4342 mechanical 
-stripping unit

indet. midsection basalt basalt 1 29 25 5.1 13 indet. no none no no blade edges dulled

04000C2C6 4518 section 4308 4515 thermal pit 
(bell shaped)

indet. 1010–920 b.c. distal basalt basalt 1 21 20 4.1 indet. no none no no modern break on tip

04000BF0E 5159 point 
provenienced

indet. distal rhyolite 42 17 6.8 no no indet. yes no

04001104E 5641 section 1413 house-in-pit indet. 720–200 b.c. distal basalt basalt 2 19 16 4.4 indet. no none indet. no impact fractured
04000C818 6086 section 1499 nonthermal pit indet. 5320–720 b.c. distal chalcedony 8 13 3 no indet. none indet. no
04000D69A 8874 test pit     indet. 720–200 b.c. distal rhyolite 32 17 6.6 no no blade yes no
04000E3E8 10526 point 

provenienced
2009 FAR 

concentration
indet. post-790 b.c. distal rhyolite 24 17 5.3 indet. no blade no no possible impact fracture

04000E3D6 11026 point 
provenienced

indet. complete chalcedony 27 20 7.6 15.5 16.5 no no indet. yes no

04000E3E7 11162 point 
provenienced

indet. midsection rhyolite rhyolite 1 38 25 6.5 indet. no blade yes no alternating, unifacial 
resharpening

040010B89 11295 feature 11295 nonthermal pit indet. 2730 b.c.–
a.d. 1520

distal rhyolite rhyolite 3 27 18 6.5 no no none no no probably broken during 
manufacture

04000E72C 12562 section 11390 nonthermal pit indet. 5320–160 b.c. distal basalt basalt 1 45 32 7.8 no no none no no ossible preform
040011DF8 13848 section 14740 thermal pit indet. 2810–

2420 b.c.
proximal rhyolite rhyolite 3 11 14 5.2 indet. indet. indet. indet. no possible Datil point stem

04000FB91 14000 test pit 10278 reservoir indet. 1120–
1000 b.c.

complete basalt basalt 2 26 17 5 13.6 17 1 yes no indet. no no see Figure 3.13j

04000ED06 14195 section 10615 house-in-pit indet. 790 b.c.–
a.d. 610

distal rhyolite rhyolite 3 42 24 8.7 no yes none no no probably broken during 
manufacture

04001039D 18404 point 
provenienced

indet. complete basalt basalt 2 26 16 5.3 13.4 11 no no indet. no no

040010398 18405 point 
provenienced

indet. distal chalcedony 27 16 5.5 no no blade no no broken on flaw during 
retouch

0400103A1 18415 point 
provenienced

indet. distal rhyolite rhyolite 12 43 18 6.3 no no blade yes no possible impact fracture

040010794 18483 point 
provenienced

indet. distal siltstone 29.2 14.7 6.1 no yes blade/base no no impact fracture, heavily 
dulled blade edges

Key: indet. = indeterminate
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a charcoal/ash lens (n = 1), a FAR concentration (n = 1), a reservoir (n = 1), and activity areas (n = 2). The 
remaining 25 projectile points were not associated with features. The projectile point sample is described 
according to type and then summarized as a collection, below.

Generic Contracting Stem
The single contracting-stem point collected from Falcon Landing was a complete biface characterized by 
nonpatterned percussion and minimal pressure flakes removed from the margins of a large basalt flake, cre-
ating a tapered stem and a serrated blade. Only one face of the tool had been completely flaked (see Fig-
ure 49f). Edge grinding was absent. The distal tip was extremely sharp, and the point did not appear to have 
been resharpened. It was not associated with a feature, and its age is uncertain.

Chiricahua
The Chiricahua projectile point sample from Falcon Landing included nine specimens that exhibited shal-
low to moderately deep side notches (see Figure 48a–i). The points were made from thin flakes with a mean 
maximum thickness of 4.4 mm. Only two of the intact points had discernibly serrated blades, and four had 
well-sharpened tips. Blade refurbishing was extensive on some specimens, and two points exhibited exten-
sive retouch that extended below the side notches (see Figure 48g and h). Raw materials were basalt (n = 5), 
rhyolite (n = 2), and chalcedony (n = 2). Three of the points were collected from features, two of which 
were radiocarbon dated. A relatively large projectile point with a broken ear (see Figure 48a) was found in 
a thermal pit (Feature 1523), and a proximal basal fragment (see Figure 48i) was found in a nonthermal pit 
(Feature 1334). The dates for those features bracketed the type between 2870 and 1310 b.c. at Falcon Land-
ing (see Table 22). The earliest dated projectile point fragment was a distal tip from structure Feature 4388, 
which was radiocarbon dated to between 3020 and 2890 b.c. The projectile point was manufactured on a thin 
flake and is probably a fragmented Chiricahua point, but its type attribution is not certain (see Figure 48j).

San Pedro and Cienega
The San Pedro type encompasses a wide range of variations on a common theme of large, notched projectile 
points, variations that may or may not have temporal, functional, or social significance. The San Pedro type 
has been applied to both corner and side-notched dart points with straight-to-convex bases (e.g., Justice 2002), 
confusing morphology with time and essentially defeating the purpose of artifact typology. The Luke Solar 
project collection included forms characterized by side and corner notches, blades that were often serrated, 
and convex bases. The geographical range of Late Archaic period corner- and side-notched points is vast, but 
some of the best-controlled samples in the U.S. Southwest have come from southeastern Arizona (Huckell 
1995; Mabry 1998a; Sayles 1983; Stevens and Sliva 2002). Sliva (2005) summarized the Las Capas and Los 
Pozos collections from the middle Santa Cruz River valley, and San Pedro–type points from those sites were 
described as having straight or convex bases and, only rarely, serrated blades. The type examples shown by 
Sliva (2005:Figure 3.16) differed from those in the Luke Solar project collection in that they had remarkably 
straight bases and only subtle serrations.

The San Pedro projectile point sample from Falcon Landing was characterized by four side-notched and 
four corner-notched points manufactured from relatively thick flakes (see Figure 48k–q). The average thick-
ness of the representative points was approximately 6.7 mm. Sharp, piercing tips (n = 6) and fine serrations 
(n = 5) were common. Four of the points appeared to have been resharpened before being lost or discarded, 
but extensively resharpened (exhausted) San Pedro points were absent. Breakage included three specimens 
with breaks along the basal margins and one specimen with a broken tip. All of the fractured pieces were 
suitable for refurbishment. Raw materials included rhyolite (n = 4), basalt (n = 2), metaquartzite (n = 1), 
and chert (n = 1). 

Two of the points were relatively short, falling in the length range of Cienega points (Sliva 1999), but 
their neck widths (>9 mm) and thicknesses (>6 mm) were more robust than the typical Cienega point, and 
they are considered small San Pedro–style dart tips in this analysis. Bruce Huckell (personal communica-
tion, 2014) considers the points illustrated as Figures 48o and 48p to be Cienega-type points rather than San 
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Pedro. Those specimens are directly radiocarbon dated to the San Pedro–early Cienega phase transition (see 
Table 22), but our typological assignment is based on morphological characteristics rather than age.

The most common recovery context for the San Pedro collection was in nonthermal pits (n = 3 speci-
mens). Two projectile points from Feature 4355, a San Pedro phase nonthermal pit, were described as different 
types. A large blade with an apparent neck portion had a flat base interpreted to be a snap and was included 
in the San Pedro–type category; the other projectile point was clearly stemmed by design and was included 
in the Datil-type category. Six of the San Pedro points were recovered from radiocarbon-dated features. The 
earliest age range was 1270–1050 b.c.; the latest age ranges were 160 b.c.–a.d. 330 and a.d. 20–120 (see 
Table 22), extending long after the end of the San Pedro phase as defined by Mabry (1995) but within the 
time interval that Sliva (2009) assigned to the occurrence of San Pedro points.

Cortaro
Four of the projectile points in the Falcon Landing sample were described as Cortaro. The Cortaro-point 
collection included a single complete specimen and three proximal fragments. Two of the points, including 
the complete example, were collected from an Archaic period activity area (Feature 1337). Those speci-
mens each measured 5 mm or less in thickness and were atypically well made for the type (see Figure 49d 
and e). However, the remaining two specimens were typically thick and crude. Comparison to the Cortaro 
point collection analyzed by Roth and Huckell (1992) indicated that the Falcon Landing points could also 
be distinguished in terms of their maximum width and the increased depths of their basal concavities. Raw 
materials used to create the points included chalcedony (n = 1), basalt (n = 2), and rhyolite (n = 1) (see Ta-
ble 22). No direct radiocarbon dates were available for the type.

Datil
The three stemmed points described as Datil-type projectile points were complete bifaces characterized by 
short stems, wide shoulders, and triangular blades (see Figure 49a–c). One of the points was recovered from 
Feature 4355, a San Pedro phase nonthermal pit (see Chapter 4, Volume 1), along with what was interpreted 
to be a broken side-notched (San Pedro) point (see Table 22). The co-occurrence of stemmed and San Pedro 
forms is common in Late Archaic period site collections. Another of the points (see Figure 49c) was indirectly 
dated to between 2810 and 2420 b.c., based on the stratigraphic position of a nonthermal pit (Feature 18152).

Elko Corner-Notched
A single distinctive Elko Corner-notched point was recovered from a structure containing a modest amount 
of flaked stone debris, a biface, a multidirectional core, a small amount of faunal bone, and an Olivella-shell 
bead. The projectile point was robust and well made and had been minimally retouched before experienc-
ing a transverse fracture (see Figure 49g). The material was a distinctive variety of maroon chert, but the 
154 pieces of flaked stone debitage recovered from the structure were dominated by basalt and rhyolite. The 
structure was associated with a radiocarbon date of 1130–1000 b.c.

Hohokam Colonial Stemmed
The single Ceramic period projectile point was a small, complete Colonial Stemmed–type point that was 
discovered on an unexcavated surface in the northern portion of Area A (see Figure 49i). The projectile point 
was made from chalcedony. A series of radiocarbon dates from Falcon Landing bracketed the Colonial pe-
riod, but no Hohokam projectile points were found in a datable context.

Indeterminate
Four complete projectile points and 22 projectile point fragments were placed in the “indeterminate” category. 
The broken projectile points included 18 distal tips, 3 midsections, and only 1 proximal stem. One of the 
midsections exhibited pronounced serrations and may represent a San Jose–type projectile point, but that is 
speculative (see Figure 49h). Five distal tips were marked by impact fractures or possible impact fractures, 
but most breaks were lateral snaps. The complete examples were poorly made and amorphous, and the best-
shaped point was a small, triangular point (see Figure 49j). The dominant raw materials included rhyolite 
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(n = 12), basalt (n = 9), chalcedony (n = 4), and siltstone (n = 1). Recovery contexts varied, but 3 projectile 
point distal tips were collected from Feature 4370, a nonthermal pit, along with modest amounts of flaked 
stone debris and faunal bone and a conical pipe.

Projectile Point Summary
The projectile point collection from Falcon Landing contained an important display of utilitarian tools that 
had been lost, discarded, or abandoned at the site. The presence of Chiricahua, San Pedro, Datil, Cortaro, 
and Elko Corner-notched projectile points is of special interest, because Middle Archaic period sites are typi-
cally characterized by such diversity in projectile point types (Haury 1950; Sayles and Antevs 1941). The 
continuation of that pattern on the lower piedmont suggests that the co-occurrence of those types reflects 
not chance reoccupation of choice spots but adaptive continuity between the makers of successive point 
types, such as Chiricahua and San Pedro, or similar land-use and subsistence strategies between the mak-
ers of contemporaneous point types, such as San Pedro, Datil, and Elko Corner-notched. Falcon Landing is 
different from other Late Archaic/Early Agriculture period sites buried in central and southern Arizona (see 
Ballenger et al. 2011; Sliva 1999) because of the absence of Cienega-type points. In fact, with the exception 
of a single Colonial Stemmed point found on the surface, the lack of post–San Pedro phase projectile points 
(as well as ceramics) is striking in relation to the number of Cienega phase and later features excavated at 
the site (see Chapter 10). Possible explanations for this discrepancy are that Cienega and later groups did 
not use Falcon Landing as a springboard into upper bajada and montane hunting camps, or the participation 
of men at the site diminished significantly.

The contemporaneity of projectile point types was not testable at Falcon Landing, because few points 
were found in association with other points. A Datil point and a San Pedro point were described together 
from Feature 4355, a nonthermal pit, but the San Pedro-point candidate was broken and therefore lacked ty-
pological criteria. However, Falcon Landing did provide important new dates for Chiricahua-, San Pedro–, 
Datil-, and Elko-type points in the Sonoran Desert. The earliest age for Chiricahua points at the site (see 
Figure 48a) was no earlier than about 2870 b.c.—or 3020 b.c., if the broken specimen (see Figure 48j) was 
indeed a Chiricahua point. The latest Chiricahua point (see Figure 48i) was radiocarbon dated to no later than 
about 1310 b.c. Importantly, both of these directly dated points were good type specimens. The earliest San 
Pedro–type projectile points (see Figure 48k and n) were dated to no earlier than approximately 1270 b.c., 
and the most recent San Pedro point was dated to no later than about a.d. 330. Datil-type points were asso-
ciated with a radiocarbon age of 1110–1000 b.c. (see Figure 49a) or were indirectly dated to between 2810 
and 2420 b.c. (see Figure 49c). The Elko Corner-notched projectile point was late, dating to between 1110 
and 1000 b.c. (see Figure 49g).

The raw materials in the projectile point sample were roughly predicted by the proportions of rhyolite, 
basalt, and chert in the debitage sample (see Figure 42). Rhyolite and basalt each accounted for nearly 40 per-
cent of the projectile point sample, and 6 percent was made from chert. Breakage patterns in the projectile 
point collection included a small number of impact-fractured pieces, but lateral breaks were more common. 
Discarded projectile point bases, conventionally associated with post-hunt retooling opportunities (Towner 
and Warburton 1990), were limited in number, but distal tips were common. The only projectile point types 
that permitted generalization were the small Chiricahua and San Pedro samples, which were quite different. 
The complete Chiricahua points included a few specimens that had been carefully and extensively retouched 
(exhausted), and the San Pedro sample indicated little or no maintenance. The degree of resharpening ex-
ecuted on Chiricahua points was characteristic of the type (Justice 2002; Lorentzen 1998; Sliva 2009). The 
Falcon Landing Chiricahua and Cortaro points lacked the serration seen on some San Pedro points.

The Obsidian Sample
The basalt, rhyolite, chert, and other minor lithic resources transported to Falcon Landing are rea-sonably at-
tributed to the nearby Agua Fria gravels, or unknown outcrops farther away. Obsidian is often the most popu-
larly studied material in flaked stone collections because unlike most other raw materials in the Southwest, 
its geochemistry can provide high-resolution provenance information (Shackley 2005). For this reason, the 
obsidian sample collected during the Luke Solar project deserves special attention. This section concentrates 
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on the obsidian artifacts included in the previous section. The entire obsidian collection included 39 obsid-
ian artifacts from Falcon Landing, plus 1 side-notched San Pedro projectile point from a cremation burial at 
Site 68 that was not submitted for EDXRF analysis. The Falcon Landing collection included 2 small biface 
fragments, 1 large obsidian flake fashioned into a knife, a small EMF, and 35 pieces of debitage. The deb-
itage was made up of 27 pieces of microdebitage and 8 small biface-thinning flakes.

Nine of the specimens were recovered from features (Table 23). The only piece of obsidian that was 
directly associated with a radiocarbon date was a fragment of microdebitage recovered from Feature 1303, 
a Middle Archaic activity area in Area B at Falcon Landing. Most of the other obsidian pieces from the site 
were found in nearby pit features and test pits. Based on the geochronological model applied to those units, 
the majority of the obsidian accumulated during the Cienega phase. Because it is doubtful that obsidian was 
only used in one small area of the site over the course of thousands of years, it is reasonable to assume that 
the obsidian concentration around Feature 1303 resulted from a single occupation, during either the Middle 
Archaic period or the Cienega phase.

Two bifaces were represented by small edge margins. One biface fragment made from Vulture obsidian 
was associated with Feature 1469, a pit that also contained one biface-thinning flake made from basalt. The 
craftsmanship and cross section of the fragment indicated that it may represent a broken projectile point 
or late-stage preform. The second small biface fragment was recovered from TP 8230 and was made from 
Government Mountain obsidian.

The largest piece of obsidian collected during the Luke Solar project was classified as a flaked stone 
knife (Figure 50). Discovered in TR 10041 in Area B and not associated with a feature, the item was made 
from a secondary decortication flake removed from a marekanite of Vulture obsidian. Based on the plat-
form, force had been applied straight down and required some form of anvil. The lateral edges were serrated.

One small tool recovered from TP 8380 was classified as an EMF. Made from Vulture obsidian, the 
tool’s modified edge measured less than 7 mm in length and was characterized by only marginal retouch or 
use modification.

Eight biface-thinning flakes were collected from Falcon Landing; four of them were associated with in-
dividual nonthermal features (Features 1240, 1365, and 20465) and a thermal feature (Feature 1481). Only 
two of the flakes were complete, and each of those was 13 mm or less in length. The biface-thinning flakes 
were made from Vulture (n = 3) and Government Mountain (n = 5) obsidian.

The majority of the obsidian artifacts collected during the Luke Solar project were classified as micro-
debitage (<10 mm in length), but most were only 4–6 mm in length. Of the 27 pieces of microdebitage col-
lected from Falcon Landing, 11 were made from Government Mountain obsidian, 3 were made from Vulture 
obsidian, 1 was from an unknown source, and 1 was indeterminate. Eight pieces of microdebitage were too 
small for EDXRF analysis.

Ground Stone/Battered Stone Artifacts

This section describes the ground stone and battered stone artifacts in the Falcon Landing collection 
(n = 2,283), organized at the level of objects. The “working” ground and battered stone tools at the site were 
not contained in discernable pits, in most instances. Some chronological information was available from 
1,223 ground/battered stone objects, but only 201 complete ground stone items were included in the early 
Chiricahua phase through pre-Classic period samples, and most of them were manos. Weight data were avail-
able from 1,934 complete and incomplete objects totaling more than 3,727 kg (8,217 pounds). The average 
complete metate weighed about 9 kg (20 pounds), and 1 of the boulder mortars transported to the site weighed 
31 kg (68 pounds). Significantly more energy was dedicated to processing wild-plant resources than can be 
quantified using the lithic collection, because an indeterminate amount of FAR was described in the field. 

Hammerstones
The hammerstones from Falcon Landing included 6 complete specimens that dated to the Chiricahua 
through Cienega phases and 52 others, mostly fragments, that dated to the Archaic period or later (Table 24). 
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Hammerstones were mostly found in thermal pits (24 percent), nonfeature contexts (26 percent), nonthermal 
pits (14 percent), and structures (14 percent). The collection was composed almost completely of oblong, 
nonfoliated metamorphic rocks and, more often, fine-grained, aphanitic volcanic materials. Basalt was by far 
the most prevalent material type. Hammerstones were probably utilized in two primary lithic-reduction activi-
ties. The hammerstones in the collection were utilized not only to reduce cores, such as cobble unifaces, but to 
modify (peck) most of the ground stone implements. The sizes of hammerstones left at the site varied, but the 
average maximum length was more than 8 cm (see Table 24). Because hammerstones are durable compared 
to cores, it is difficult to know how many of them to expect relative to flaked stone objects. The 6 complete 
hammerstones in the collection could have been used to create most or all the Falcon Landing core and flake 
collection, whereas Haury (1950:254) reported 885 hammerstones from Ventana Cave. The paucity of com-
plete hammerstones relative to the numbers of cores and pecked ground stone at Falcon Landing suggests that 
hammerstones were not in high demand and were curated or selectively recycled as FAR. Cobble unifaces 
and other cores did not indicate frequent use as hammerstones. It is probable, given the emphasis placed on 
biface production at the site, that perishable, curated billets contributed most of the flaked stone debitage.

Metates
The metate collection from Falcon Landing included 575 artifacts, 145 (25 percent) of which were complete 
(Table 25). In total, 36 complete metates were recovered from features or deposits dated to the Chiricahua 
(n = 28) and Cienega (n = 8) phases; 53 were assigned to the Archaic period (Cochise group). The remaining 
metates were incomplete or essentially undated. None of the pit features at Falcon Landing contained more 
than 1 complete metate each. As described below, only one structure contained a complete metate. Com-
plete metates were also recovered from thermal pits (n = 3) and nonthermal pits (n = 5). A small number of 
metates occurred as artifact concentrations or caches, as reviewed later in this section. Four of the examples 
of metate types in Figures 51–54 were from features. Feature 15317 contained a closed-basin metate (see 
Figure 51b) and is described in the Caches section of this chapter. A late Chiricahua phase structure con-
tained a complete closed-basin metate (see Figure 51c) along with a small collection of flaked stone debris, 
animal bones, 2 complete manos, and 2 mano fragments (see Chapter 4, Volume 1). 

Metates and metate fragments were ubiquitous in structures (n = 49), thermal pits (n = 143), nonthermal 
pits (n = 92), and FAR concentrations (n = 30), among other feature types (see Table 25). These were invari-
ably small pieces incorporated into thermal features as mass. There were, in total, 430 incomplete metates in 
the site collection, and 347 (81 percent) of them showed evidence of thermal alteration. The densest concen-
trations of broken metates included 104 fragments from multiple pit features associated with Feature 2602, 
originally interpreted to be a large, deep house-in-pit structure. The next-largest concentration included 15 frag-
ments associated with Feature 17253, a nonthermal pit. 

The basin metates exhibited a wide range of forms (see Figures 51–54) constrained only by the limited 
functional requirements of providing a suitable working surface. A majority of metates reflected a manu-
facturing process that employed some combination of flaking, pecking, and/or grinding. Nearly 40 percent 
(n = 228) of the total sample showed extensive shaping; among complete specimens, approximately one-
third of the metate sample exhibited shaping over more than half their exterior surfaces. Despite extensive 
surficial modification, no implements had been significantly reshaped from their natural river-cobble forms, 
and many complete implements had been shaped only on the worked surfaces and along the margins. 

Figure 50. Obsidian (Vulture) knife 
from a nonfeature context at Falcon 

Landing (Inventory No. 04000C198, no 
temporal assignment available).
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Table 24. Summary Information Recorded on Hammerstones, by Temporal Component, 
Falcon Landing 

Characteristics
Early 

Chiricahua
Late 

Chiricahua
San Pedro Cienega Cochisea Cochise to 

Historical
Not Dated Total

Portion

Complete 3 — 2 1 8 2 15 31

Incomplete 8 1 2 — 6 7 3 27

Total number of 
specimens

11 1 4 1 14 9 18 58

Thermally Altered

No 1 — 2 — 8 3 13 27

Yes 9 1 2 1 4 5 5 27

Not recorded 1 — — — 2 1 — 4

Metrics (mm)b

Size range 68–91 85–145 65 65–115 56–133 57–112 56–145

Maximum length 
(mean, SD)

80  
(9)

115 
(30)

84 
(18)

101 
(32)

77 
(16)

83 
(24)

Recovery Context

Cache — — — — 1 1 — 2

Charcoal/ash lens — — — — 2 — — 2

FAR concentration — — — — 2 2 — 4

House-in-pit 2 — 4 — — 2 — 8

Nonthermal pit 2 1 — — 4 1 — 8

Thermal pit 7 — — — 4 3 — 14

CBS/mixed — — — 1 1 — 13 15

Site surface — — — — — — 5 5

Total 11 1 4 1 14 9 18 58

Raw Material

Andesite — — — — 1 1 1 3

Basalt 3 — 1 1 11 5 10 31

Vesicular basalt 1 — — — — — — 1

Dacite — — — — — — 1 1

Rhyolite 6 1 1 — 2 3 4 17

Quartz — — — — — — 1 1

Quartzite — — — — 1 — 1 2

Indeterminate — — 2 — — — — 2

Total 10 1 4 1 15 9 18 58
Key: CBS = culture-bearing sediment; SD = standard deviation.
a Cochise indicates a context directly or indirectly dated to more than one phase of the Cochise chronology or more than one Archaic 
period.
b Complete specimens.



 154

Table 25. Summary Information Recorded on Metates, by Temporal Component, Falcon Landing 

Characteristics
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Type
Closed basin 11 1 — 4 — 29 21 16 82
Flat/concave basin 27 1 — 4 1 20 20 20 93
Grinding slab 1 — — 1 — 6 10 11 29
Indeterminate basin 41 — — 3 2 9 23 14 92
Indeterminate 113 1 4 4 5 60 49 40 276
Three-quarter basin 1 — — — — 1 — — 2
Open basin — — — — — — — 1 1

Number of specimens 194 3 4 16 8 125 123 102 575
Condition

Complete 27 1 — 8 — 53 45 11 145
Fragment 167 2 4 8 8 72 78 91 430

Material Texture
Nonvesicular 149 3 4 14 7 105 106 84 472
Vesicular 45 — — 2 1 20 17 18 103

Thermally Altered
No 40 1 1 10 — 55 52 69 228
Yes 154 2 3 6 8 70 71 33 347

Residue
No 192 3 4 16 8 121 122 101 567
Yes 2 — — — — 4 1 1 8

Manufacturing Investment
High 85 3 2 2 5 50 41 40 228
Indeterminate 78 — 2 5 3 31 44 26 189
Low 31 — — 9 — 44 38 36 158

Surface Texture
Coarse/resharpened 12 — — 1 — 5 6 4 28
Indeterminate 12 — 1 1 1 10 5 10 40
Smooth 170 3 3 14 7 110 112 88 507

Recovery Context
Activity area 3 — — — — 3 1 — 7
Cache — — — — — 3 10 — 13
FAR concentration 6 — — — — 7 17 — 30
House-in-pit 32 3 2 — 4 6 2 — 49
Noncultural 2 — — — — — — — 2

Nonthermal pit 8 — 2 2 4 41 35 — 92
Nonthermal pit (bell 

shaped)
4 — — — — 2 — — 6

Posthole 5 — — — — — — — 5
Thermal pit 106 — — 2 — 13 22 — 143
CBS/mixed 28 — — 12 — 49 36 88 213
Surface isolate — — — — — 1 — 14 15

Total 194 3 4 16 8 125 123 102 575

Key: CBS = culture-bearing sediment.
a Cochise indicates a context directly or indirectly dated to more than one phase of the Cochise chronology or more than one Archaic 
period.



 155

Figure 51. Closed-basin metates from early Chiricahua through Cienega phase contexts at 
Falcon Landing: (a) basalt (vesicular), from a nonfeature context (Inventory No. 004000F2B0, 

early Chiricahua phase); (b) basalt, from Feature 15317, a thermal pit (Inventory No. 
04000F407, early Chiricahua phase); (c) basalt, from Feature 1244, a house-in-pit (Inventory 
No. 04000C4E4, late Chiricahua phase); and (d) basalt (vesicular), from a nonfeature context 

(Inventory No. 04000E73E, Cienega phase).
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Figure 52. Closed-basin metates from Cochise to Historical period contexts at Falcon Landing: 
(a) schist, from a nonfeature context (Inventory No. 04000C8E4, Cochise); (b) andesite, from a 

nonfeature context (Inventory No. 04000F40B, Cochise); and (c) dacite (vesicular), from Feature 
10622, a thermal pit (Inventory No. 040010795, Cochise to Historical period). (Note: “Cochise” 

indicates a context directly or indirectly dated to more than one phase of the Cochise chronology 
or more than one Archaic period.)
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Figure 53. Basin metates from nonfeature contexts at Falcon Landing, both made of dacite: 
(a) Inventory No. 04000BFFE, Cienega phase, and (b) Inventory No. 04000F26F, Cochise to Historical 

period. (Note: “Cochise” indicates a context directly or indirectly dated to more than one phase of 
the Cochise chronology or more than one Archaic period.)
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Both closed-basin- and flat-/concave-metate types evidenced sharp fall-offs above approximately 43 cm 
in length; average lengths were around 36 cm (Table 26). This size threshold probably correlated to the size 
and weight limits of rocks that could be effectively transported to the site. As previously mentioned, several 
of the implements were curiously thick and heavy, considering the infinite rock-size and -shape choices avail-
able in the Agua Fria River. The average closed-basin metate was roughly 11 cm thick, but some specimens 
ranged up to 20 cm in thickness. Some of the grinding slabs from Falcon Landing were less than 7 cm thick 
(Appendix 3.2). Thinness was not an important criterion for grinding tools, however, because grinding slabs 
accounted for only 5 percent of the metate sample.

Grinding slabs were almost completely executed on foliated metamorphic rocks, especially schist. Other 
metate forms were made using a variety of volcanic materials, principally rhyolite and basalt (Table 27). 
Only 5 percent of complete metates were made from quartzite. Most of the quartzite in the collection was 
on the lower end of the metamorphic range and remained somewhat friable. Vesicular basalt was common 
(16 percent of complete metates), especially among closed-basin metates. The completeness of the metates 
was difficult to evaluate, because they had been intensively recycled as FAR, and most fragments would have 
been indistinguishable as tools. The amount of FAR originating from metates was underestimated. Seventy-
five percent of the sample was made up of incomplete metates. Of the fragmented pieces, 64 percent were 

Figure 54. Flat/concave metates from Falcon Landing: (a) dacite (vesicular), from Feature 15317, 
a thermal pit (Inventory No. 04000F629, early Chiricahua phase); (b) quartzite, from a nonfeature 

context (Inventory No. 04000CC3C, Cochise); and (c) basalt, from a nonfeature context (Inventory No. 
04000C2F6, Cochise to Historical period). (Note: “Cochise” indicates a context directly or indirectly 

dated to more than one phase of the Cochise chronology or more than one Archaic period.)
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indeterminate in form, 25 percent were ascribable to basin metates of some form, and 11 percent were either 
flat/concave metates or grinding slabs. Basalt was disproportionally fragmented.

The metates recovered from Falcon Landing were dominated by basin and flat/concave forms. Both of 
these styles were used primarily for food processing. Flat/concave metates were only slightly smaller than 
closed-basin metates, and they had average surface areas1 of 458 and 506 cm2, respectively (see Appen-
dix 3.2). Notably few of the metates from the Falcon Landing collection evidenced use wear that neared the 
point of tool exhaustion, but their surface textures were usually smooth from use (88 percent of sample). 
Freshly repecked surfaces were noted on a small number of implements. For closed-basin metates, the aver-
age remaining utility, a function of basin depth and tool thickness, was 0.72. Flat/concave metates had util-
ity values greater than 0.90 (see Table 26). In the entire Falcon Landing collection, only 11 specimens had 
utility values of less than 50 percent of each rock’s available thickness. There was no difference between 
the average utility values of metates recovered from early Chiricahua phase features and metates recovered 
from Cienega phase features or sediments (see Table 26).

Manos
In total, 760 manos and mano fragments were collected from Falcon Landing (Table 28). Only 310 of them 
could be dated to between the early Chiricahua phase and the pre-Classic period, and of those, 258 were 
recovered from early Chiricahua phase features or deposits. The densest concentration of manos was col-
lected from Feature 2602, an activity area originally interpreted to be a large Chiricahua phase house-in-pit 
(see Chapter 4, Volume 1). That feature contained 5 complete manos and 96 fragments associated with its 
14 intramural pits and 45 postholes. The next-densest concentration, an Archaic period nonthermal pit, in-
cluded 2 complete and 15 fragmented manos. Only the late Chiricahua phase sample numbering 16 manos 

1 Based on simple multiplication of surface width by surface length.

Table 28. Summary Information Recorded on Manos, by Temporal Component, Falcon Landing
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Type

Cobble mano 214 8 2 22 7 1 149 155 105 663

Loaf-shaped mano — — 1 — — — — 1 — 2

Flat mano 1 — — — — — — — — 1

Indeterminate 43 8 3 — — — 21 18 1 94

Number of 
specimens

258 16 6 22 7 1 170 174 106 760

Condition

Complete 90 3 1 13 2 1 81 83 31 305

Fragment 168 13 5 9 5 — 89 91 75 455

Material Texture 

Nonvesicular 253 16 6 22 7 1 169 174 105 753

Vesicular 5 — — — — — 1 — 1 7

Thermally Altered

No 78 3 1 12 1 — 77 75 54 301

Yes 180 13 5 10 6 1 93 99 52 459

Residue

No 255 16 6 22 7 1 168 172 105 752

Yes 3 — — — — — 2 2 1 8
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Manufacturing Investment

High 133 5 — 10 4 1 84 89 64 390

Indeterminate 55 2 — 5 1 — 23 24 25 135

Low 70 1 2 7 2 — 42 42 16 182

Metrics

Length (mm)

Average 119 107 130 119 116 114 120 119 114 119

SD 17 22 n/a 18 16 n/a 17 14 17 16

n 92 3 1 11 2 1 85 87 40 323

Width (mm)

Average 92 76 94 89 78 104 94 91 88 91

SD 11 18 n/a 12 15 n/a 12 10 11 11

n 94 3 1 11 2 1 85 88 49 335

Thickness (mm)

Average 61 55 43 59 63 63 62 62 62 61

SD 10 4 n/a 10 13 n/a 10 9 9 10

n 94 3 1 11 2 1 85 87 44 329

Weight (g)

Average 1,047 771 900 864 732 900 1,054 995 943 1,011

SD 429 326 n/a 440 398 n/a 379 327 343 380

n 87 3 1 13 2 1 80 81 31 300

Recovery Context

Activity area 9 — — 1 — — 4 4 — 18

Cache — — — — — — 5 7 — 12

Charcoal/ash lens — — — — — — — 1 — 1

FAR concentration 5 — — — — — 15 22 — 42

House-in-pit 38 9 4 — 6 — 2 3 — 62

Midden 1 — 1 — — — — — — 2

Noncultural 1 — — — — — — 1 — 2

Nonthermal pit 22 7 1 — 1 — 56 53 — 140

Nonthermal pit (bell 
shaped)

8 — — — — — 1 — — 9

Posthole 2 — — — — 1 — — — 3

Thermal pit 102 — — 1 — — 18 18 — 139

CBS/mixed 70 — — 20 — — 68 65 86 309

Isolate surface — — — — — — 1 — 20 21

Total 258 16 6 22 7 1 170 174 106 760

Key: CBS = culture-bearing sediment; n/a = not applicable; SD = standard deviation.
a Cochise indicates a context directly or indirectly dated to more than one phase of the Cochise chronology or more than one Archaic 
period.
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and the Cienega phase sample numbering 22 manos provided opportunities for comparison to the early 
Chiricahua phase tools. Cienega phase manos tended to be complete more often than their Chiricahua phase 
counterparts (see Table 28). Cienega phase manos were also less likely to have been thermally altered, and 
only one was found in a thermal pit, compared to 44 percent of the early Chiricahua phase collection from 
pits. Because manos and mano fragments were common, their numbers in post–Chiricahua phase features 
were anomalously low. As a group, the mano collection was highly fragmented. Broken and fragmented 
portions of manos constituted 60 percent of the Falcon Landing mano sample, and 85 percent of the frag-
mented specimens displayed obvious thermal alteration. In addition, 23 percent of the complete specimens 
also showed signs of thermal alteration. 

The variety of manos in the type collection (Figures 55 and 56) included 2 specimens from early Chir-
icahua phase thermal-pit features: Feature 1523 and 14740 each contained a cobble mano (see Figures 55a 
and c). The overwhelming majority of the collection was composed of large, oval-shaped cobble manos av-
eraging around 12 cm in maximum length. One complete loaf mano, undated, was quite long (16 cm) rela-
tive to the standard cobble manos. Cobble manos uniformly appeared to have been used in shallow basins 
or on flat surfaces that led to very little wear on the tools’ lateral surfaces. Many manos exhibited pecked 
margins and no signs of grinding. Among the 300 complete cobble manos from Falcon Landing, 79 per-
cent had been utilized on both surfaces (see Appendix 3.2). As few as 6 manos, all cobble type, had more 
than two working surfaces each. Most of the cobble manos were convex, but 31 percent had flat working 
surfaces. Slightly more than half of the cobble manos still retained some evidence of pecking in addition to 
evidence of grinding from use. Many of them had probably been episodically repecked during use, but they 
were generally discarded with smoothly worn surfaces. Many types of raw materials were used as manos in 
one of two basic forms. The predominance of convex worked surfaces on minimally shaped cobbles likely 
reflects their use in basin metates. Flat manos articulated with flat/concave metates and netherstones. Only 
16 of the convex-surface manos were worn to a state of beveling, although that could reflect deliberate stoke 
patterns as opposed to uniquely extensive use. In total, 21 different types and varieties of raw materials were 
represented in the mano collection. Despite the apparent diversity, 84 percent of the collection consisted of 
only 4 rock types: quartzite, basalt, granite, and schist (Table 29). There was a significant amount of varia-
tion within those rock types. Basalt manos tended to be more completely shaped, perhaps through more 
intensive use and/or greater tool attrition. 

Mortars
The many pestles transported to Falcon Landing contrasted with the seven stone mortars recovered (Table 30). 
Of the mortars, one was attributed to a Cienega phase nonthermal bell-shaped pit (Feature 3551), and three 
were attributed to the broadly defined Archaic period. The mortars were uniformly made out of extrusive 
volcanic material, with one exception, and all were mafic to intermediate in composition. Most specimens 
were also vesicular. Exterior surfaces indicated that all specimens had been collected from river deposits. 
One of the mortars, a cobble mortar, was incomplete. A small, vesicular-basalt shaped mortar, described 
again in the Caches section below, showed signs of thermal alteration, but it was too small and too well 
crafted to have been intentionally repurposed as FAR. The incomplete cobble mortar was sufficiently large 
and durable that accidental breakage seemed unlikely, but there was no evidence of its having functioned as 
FAR. The remaining boulder mortars were too large to break.

The sizes of the site’s stone mortars indicated big jobs; two of the items weighed more than 28.8 kg 
(approximately 60 pounds) each. The small, formally shaped mortar recovered from a nonfeature context in 
several pieces is an isolated occurrence. Boulder mortars were used in conjunction with stone pestles found 
at the site, and one Type I pestle was discovered associated with a boulder mortar. The cobble mortar was 
shallow enough that a mano could feasibly have been utilized on its surface, but a Type IX pestle would also 
have been feasible. The shaped mortar was recovered in proximity to a mano that articulated seamlessly 
with it and could also have functioned as a Type VIII pestle. Large stone mortars were presumably used to 
crush and trap hard materials, based on basin depth. The vesicles in some of the basalt boulders were very 
large and were natural traps for soft or small materials. One of the vesicular mortars quickly spilled from 
its bottom all of the water we poured in its basin, confirming that water was probably not a component of 
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Figure 55. Cobble manos from early Chiricahua phase contexts at Falcon Landing: (a) quartzite, 
from Feature 1523, a thermal pit (Inventory No. 04000C607); (b) basalt, from a nonfeature 

context (Inventory No. 04000E410); (c) quartzite, from Feature 14740, a thermal pit (Inventory No. 
04000F80F); and (d) granite, from a nonfeature context (Inventory No. 04000ED44).
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anything mixed or crushed in the basin. Unlike most metates, the boulder mortars at Falcon Landing were 
not easily flipped over and handled as needed for dumping and cleaning out the contents of vesicles. Large, 
deep vesicles may indicate that the mortars were used to crush coarse materials. The much smoother sur-
face of the cobble mortar suggests that a finer texture of materials was produced with that implement, but 
it was another isolated occurrence. 

Pestles
In total, 94 pestles were identified in the Falcon Landing collection, and over 80 percent were discovered 
as isolates located in nonfeature contexts. At least 9 pestles were in small caches, but only a single pestle 
was associated with a late Chiricahua–early San Pedro phase structure (Feature 17681). Sixty-two percent 
of pestles had been mostly or completely shaped (pecked). The dominant pestle forms were characterized 
by Types V–VIII, which included cylindrical to oval forms with polished and/or pecked ends that had been 

Figure 56. Manos from nonfeature Cochise to Historical period 
contexts at Falcon Landing: (a) a quartzite cobble mano 

(Inventory No. 04000E3F4), (b) a basalt cobble mano (Inventory 
No. 04000E435), and (c) a quartzite loaf-shaped mano (Inventory 
No. 04000E430). (Note: “Cochise” indicates a context directly or 

indirectly dated to more than one phase of the Cochise chronology 
or more than one Archaic period.)
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Table 30. Summary Information Recorded on Mortars, by Temporal Component, Falcon Landing 

Characteristics Cienega Cochisea Cochise to 
Historical

Not Dated Total

Type

Boulder mortar 1 3 1 — 5

Shaped mortar — — 1 — 1

Cobble mortar — — — 1 1

Total number of specimens 1 3 2 1 7

Condition

Complete 1 3 2 — 6

Fragment — — — 1 1

Material Texture

Nonvesicular — 2 — 1 3

Vesicular 1 1 2 — 4

Thermally Altered

No 1 3 2 1 7

Yes — — — — —

Residue

No 1 3 2 1 7

Yes — — — — —

Manufacturing Investment

High — 3 2 1 6

Low 1 — — — 1

Surface Texture

Coarse /resharpened — 1 — 1 2

Smooth 1 2 2 — 5

Metrics

Length (mm)

Average 390 354.7 252.5 135 326.5

SD 166 101.7

n 1 3 2 — 6

Width (mm)

Average 275 256.3 222.5 215 246

SD 18.6 123.7 57.3

n 1 3 2 1 7

Thickness (mm)

Average 240 158.7 155 120 163.7

SD 28.7 63.6 47.7

n 1 3 2 1 7

Surface length (mm)

Average 170 307.7 146.5 93 231

SD 54.4 75.6 97.2

n 1 3 2 1 7

Surface width (mm)

Average 170 227.7 141.5 145 183

SD 26.6 68.6 53.5

n 1 3 2 1 7
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round but became beveled with use (32 percent) and sometimes smaller, conical- and barrel-shaped pestles 
with flat ends (29 percent). Examples of the dominant types are shown in Figures 57–60. Some conical 
pestles had been created on-site by the percussion removal of one polar end of an elongated cobble, as evi-
denced by 2 “pestle ends” set aside in the reference collection. Again, one of the remarkable attributes of 
the pestles was their robustness. The average complete pestle at Falcon Landing weighed around 3,000 g (or 
about 61/2 pounds), and most measured 30–40 cm in length (roughly 12–16 inches) (Table 31). The length 
distribution of elongated pestles had a positive skew with a major drop in frequency at around 25 cm. The 
mean pestle maximum diameter (width) was approximately 8.8 cm. 

Of the 76 pestles recovered from dated contexts, only 2 were recovered from a directly radiocarbon-
dated feature, a Snaketown phase cache (Feature 3372) (see Chapter 4, Volume 1) (see Figure 60c). However, 
9 pestles were associated with early Chiricahua phase sediments and surfaces, indicating that diverse pound-
ing tools were intimately linked to site function throughout site occupation. Conical pestles of Types VIII and 
IX were represented in the early Chiricahua phase collection. The large pestle/basin-metate form (Type X) 
included in the Snaketown phase cache was one of only two such forms included in the collection. The pestle 
types featured in the collection included 4 examples from features 

A diverse range of raw materials was employed in the manufacture of pestles (Table 32). In contrast to 
materials used for implements in most other ground stone classes, foliated metamorphic rocks were popu-
lar. A high-grade form of quartzite with incipient foliation was heavily employed in the manufacture of 

Characteristics Cienega Cochisea Cochise to 
Historical

Not Dated Total

Surface depth (mm)

Average 121 44 104 30 70.1

SD 7.5 65 46.3

n 1 3 2 1 7

Sump surface depth (mm)

Average 50.1 30 50.7

SD 15 15

n — 3 — 1 3

Total surface depth (mm)

Average 121 94.6 104 30 91.9

SD 12.7 65 39.9

n 1 3 2 1 7

Weight (g)

Average 30,825 12,150 15,075 16,237

SD 3,683 19,410 11,572

n 1 3 2 — 6

Recovery Context

Nonthermal pit (bell shaped) — 1 — — 1

CBS/mixed 1 2 2 1 6

Total 1 3 2 1 7

Raw Material

Material type

Andesite (porphyritic) — 1 — — 1

Basalt (vesicular) 1 1 2 — 4

Dacite — 1 — — 1

Ignimbrite — — — 1 1

Total 1 3 2 1 7

Key: CBS = culture-bearing sediment; SD = standard deviation.
a Cochise indicates a context directly or indirectly dated to more than one phase of the Cochise chronology or more than one Archaic 
period.
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Figure 57. Type V pestles from Falcon Landing: (a) quartzite, from a nonfeature context 
(Inventory No. 04000D69C, Cochise), and (b) vesicular basalt, from Feature 4664, 
a nonthermal pit (Inventory No. 04000C73, Protohistoric period). (Note: “Cochise” 

indicates a context directly or indirectly dated to more than one phase of the Cochise 
chronology or more than one Archaic period.)
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Figure 59. Type VIII basalt pestles from nonfeature contexts at Falcon Landing: 
(a) Inventory No. 04000E3F1, Cochise to Historical period, and (b) Inventory No. 
4000E613, Cochise. (Note: “Cochise” indicates a context directly or indirectly 

dated to more than one phase of the Cochise chronology or more than one Archaic 
period.)
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Figure 60. Type IX and X pestles at Falcon Landing. Type IX: (a) granite, from a nonfeature 
context (Inventory No. 04000BFF5, Cochise), and (b) metaquartzite, from a nonfeature context 

(Inventory No. 04000E40F, Cochise to Historical period). Type X: (c) rhyolite, from Feature 
3372, a cache (Inventory No. 04000D49B, Snaketown phase). (Note: “Cochise” indicates a 

context directly or indirectly dated to more than one phase of the Cochise chronology or more 
than one Archaic period.)
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Table 31. Summary Information Recorded on Pestles, by Temporal Component, Falcon Landing 

Characteristics
Early 

Chiricahua
Cienega Pre-Classic Protohistoric Cochisea Cochise to 

Historical
Not Dated Total

Type

Type I — 2 — 1 2 — — 5

Type II 1 2 1 — — 2 1 7

Type III 1 — — — 2 2 1 6

Type IV 2 — — — 1 1 1 5

Type V — 1 — 1 6 6 4 18

Type VI — 1 — — 5 2 4 12

Type VII 2 2 — — 7 4 1 16

Type VIII 1 — — — 4 4 2 11

Type IX 2 — — — 2 2 1 7

Type X — — 1 — — — 1 2

Indeterminate — — — — 2 1 2 5

Number of specimens 9 8 2 2 31 24 18 94

Condition

Complete 9 8 2 2 27 22 7 77

Fragment 4 2 11 17

Material Texture

Nonvesicular 5 5 1 2 23 15 11 62

Vesicular 4 3 1 — 8 9 7 32

Thermally Altered

No 9 8 2 2 27 21 15 84

Yes — — — — 4 3 3 10

Residue

No 9 8 2 2 31 24 18 94

Yes — — — — — — —

Manufacturing Investment

High 4 2 1 1 20 18 12 58

Low 5 6 1 1 11 6 6 36

Surface Count

1 5 6 — 1 19 11 11 53

2 3 2 1 — 11 12 6 35

3 1 1 1 — 1 — 4

4 — — — — 1 — 1 2

Metrics b

Length (mm)

Average 383.2 318.1 377.5 377.5 307.0 308.6 295.0 306.4

SD 77.5 38.5 46.0 46.0 74.8 80.9 62.0 70.8

n 9 8 2 2 27 22 7 81

Width (mm)

Average 82 95.9 101.5 101.7 87.0 83.4 82.1 85.9

n 9 8 2 2 28 22 15 86

SD 11.8 8.9 12.0 12.3 13.8 10.0 11.3 12.3

Thickness (mm)

Average 65.7 73.4 79.5 79.3 67.2 66.9 66.3 67.9

SD 7.7 10.3 0.7 1.0 10.9 9.7 9.4 9.9

n 9 8 2 2 28 21 15 85
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Type V pestles. Basalt was also fairly ubiquitous but was mostly preferred for Types VI and VIII. The preva-
lence of foliated materials was partially a function of the tendency of these material types to break along lin-
ear planes, making naturally elongate cobbles more common in stream deposits. Remnant cortex on pestle 
implements was invariably secondary water wear attributable to the cobble origin of the tools. The lack of 
vesicular volcanic materials more likely reflects performance criteria. In general, basalt clasts used as pestles 
tended to be shorter than metamorphic examples. The only large-vesicle specimen (see Figure 57b) was re-
covered from a Protohistoric period cache (Feature 4664).

Fragmented specimens composed approximately 18 percent of the pestle sample. Given the unique mor-
phological qualities of pestles and the high surface-area-to-volume ratios of the implements, fragmented 
pieces were highly identifiable, suggesting that relatively few of the indeterminate ground stone fragments 
were broken pestles. The relatively low breakage rate of pestles relative to that of grinding stones was likely 
a function of several variables. First, although many of the pestles at Falcon Landing experienced extensive 
pecking on their bodies and ends, cylindrical metamorphic cobbles were more rugged than the tabular rocks 
typically used in grinding tools. The highly developed polish on Type V pestles indicates that many pestles 
required little or no end maintenance. Perhaps more importantly, traditional pounding tools are known to 
have included wooden mortars, which, unlike grinding stones—which typically experienced rock-on-rock 
contact, including resharpening/pecking—would have significantly reduced the risk of pestle breakage, as 
discussed in more detail below. Also, the raw materials preferred for many pestle types may have spared 
them from being repurposed as thermal mass.

Like manos that can be used to crack, crush, and grind plants, animals, and minerals (Adams 2002), 
ancient and contemporary pestle designs graded from long, round-ended pestles designed for pounding to 
short, flat-ended pestles that mashed and ground more like special manos than pestles. These fundamental 
differences in design reflect different spectrums of a pounding-to-grinding process. The 10 various types 
of pestles isolated in the Falcon Landing analysis clearly incorporated use-life and functional variation in 

Characteristics
Early 

Chiricahua
Cienega Pre-Classic Protohistoric Cochisea Cochise to 

Historical
Not Dated Total

Proximal end surface 
length (mm)

Average 36.7 58.3 77.5 — 47.2 52.2 45.6 49.1

SD 17.6 28.4 10.6 26.3 28.6 24.8 26.1

n 3 3 2 13 13 8 43

Distal end surface 
length (mm)

Average 25 41.7 57.5 — 43.9 35.5 39.7 39.7

SD 7.1 15.3 24.7 28.5 16 24.4 21.7

n 2 3 2 13 14 7 42

Weight (g)

Average 2,400 3,488 4,950 3,094 3,046 2,884 2,989 3,016

SD 1,001 492.0 636.4 557.2 1,167 983 1,203 1,075

n 9 8 2 2 27 22 7 77

Recovery Context

Activity area — — — — — 1 — 1

Cache — 2 2 2 1 2 — 9

FAR concentration — — — — 1 — — 1

House-in-pit — — — — 1 — — 1

Nonthermal pit — — — — 3 1 — 4

CBS/mixed 9 6 — — 25 20 18 78

Total 9 8 2 2 31 24 18 94

Key: CBS = culture-bearing sediment; SD = standard deviation.
a Cochise indicates a context directly or indirectly dated to more than one phase of the Cochise chronology or more than one Archaic period.
b Measurements performed on intact specimens only.
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morphology and surface texture, but a minimum of three functional varieties of pestles could be inferred 
based on the obvious design criterion of end shape.

The pestles depicted in Figure 38 can be divided into three coarser groups: (1) round-ended pestles, 
(2) flat-ended pestles, and (3) irregular-ended pestles. The irregular-ended pestles may have functioned in 
any number of ways, but one globular example was discovered paired with a boulder mortar (see Caches 
section). Pestles used in stone mortars can be expected to have slightly irregular, coarse-textured ends and 
indicate the cracking or crushing of hard materials. Flat-ended pestles assumed a wide range of sizes, pre-
sumably for different tasks, and were designed for a somewhat-flat-bottomed mortar. Haury (1950:321) sus-
pected that flat-ended pestles were used in the bedrock mortars found at Ventana Cave. Conical, flat-ended 
pestles, typically made of basalt, are wide and ideal for mashing and stirring, whereas barrel-shaped pestles 
have small, flat ends that concentrated the tool’s mass on a small area, which was better for crushing. Long, 
round-ended pestles with smoothly polished and sometimes beveled ends were suited to pounding soft mate-
rials in a round to conical mortar basin and are generally associated with wooden mortars (Adams 2002:138).

The extensive pecking that covered the bodies of many pestles (62 percent of sample) showed no evidence 
of subsequent grinding. The amount of shaping achieved by pecking the pestles was minimal. Rather, that 
modification is interpreted to have accommodated the prehension of alluvial cobbles. Russell (1908:109–
110) noted that among the Pima, “[t]he pestle varies in size from the small stone the size of one’s finger to 
the great cylinder weighing 20 pounds that requires both hands to wield it. Many of these are obtained from 
the ruins, but some are shaped by pecking. This is not all done at once, but, a suitable stone having been se-
lected, it is shaped little by little, day by day, as the owner has leisure for the work.” The pestles from Falcon 
Landing indicated a similar casual investment in their design and functionality.

The 13:1 ratio of pestles to mortars at Falcon Landing is intuitive evidence that wooden mortars were 
utilized there. Haury (1950:320) also speculated that a wooden-mortar technology explained the disparity 
between pestles and mortars at Ventana Cave and noted that the round-ended pestles there lacked evidence 
of having hit a resistant surface. It is not possible to isolate wood polish, but it is possible to identify the 
damage caused by contact with sand, grit, or rock. 

Select pestles from the Luke Solar project collection were microscopically examined for physical evidence 
of use with a variable-magnification binocular microscope at the University of Arizona School of Anthropol-
ogy Multipurpose Laboratory. The inspected portions of ground stone tools were first soaked in a 1 percent 
solution of hydrochloric acid to remove calcium-carbonate deposits and then rinsed thoroughly and allowed 
to dry. The polished pestles characterized by Types II and V at Falcon Landing (Figure 61) matched Adams’s 
(2002:33–39) description of ground stone surfaces used against pliable materials. Low-power magnification 
did not reveal the gouging and scratches that would be expected if the pestles had been used in combination 
with the large stone mortars at the site. Several implements had a sheen that extended an average of 5 cm up 
the bodies of the implements, indicating habitual contact with the sides of a steep-walled mortar rather than 
expedient use of the ground or a wide, shallow pit. Lastly, a few implements (Type X) evidenced unique pat-
terns of use wear, such as grinding on lateral surfaces or pointed ends with chipping indicative of use as a pick. 

Lukeoliths
As a group, these implements were generally subrectangular to almond shaped and had convex to slightly 
concave faces. Most forms had minimally shaped ends (Type 1) (see Figure 39), but extensively pecked 
specimens (Type 2) were also common. In addition to end wear, approximately 31 percent of the implements 
showed evidence of light to moderate grinding on one or both faces (Type 3). The metric data in Table 33 
reflect a collection that was fairly homogeneous in size. Implement weight, length, and width were all es-
sentially normally distributed about their respective means, but thickness was somewhat more erratic. 

The Lukeolith collection consisted of 68 implements, all from Falcon Landing, many of which were re-
covered from features. Two Lukeoliths were recovered from a structure (Feature 1313), and a small number 
were associated with thermal (n = 2) and nonthermal (n = 5) pits, FAR concentrations (n = 1), and caches 
(n = 5). Essentially, they showed up everywhere at the site and were common implements. The floor of Fea-
ture 1313 contained 2 complete specimens and a separate manuport likely intended for the same purpose 
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(see Chapter 4, Volume 1) but no other tools. Fifty-three Lukeoliths were encountered as isolates in nonfea-
ture contexts (see Table 33). 

A broken and burned specimen of this type found in a thermal pit (Feature 15317) was one of the earliest 
artifacts at Falcon Landing that were directly radiocarbon dated (3340–3030 b.c.). Only 22 examples were 
reasonably well dated, but 18 of them were from early Chiricahua phase deposits. Lukeoliths were also di-
rectly radiocarbon dated to the early San Pedro phase (1270–1110 cal. b.c.) in Feature 11389, included in the 
Cochise group, and were also found in Cienega phase contexts. One example was recovered from Pioneer to 
Classic period sediments (cal. a.d. 610–1220) but was included in the poorly dated group. Lukeoliths may 
have been distinctly common during the Middle Archaic period at Falcon Landing, but they continued to be 
used, if not manufactured, throughout the sequence.

Figure 61. Type V pestles exhibiting use wear, from nonfeature contexts at Falcon Landing: 
(a) schist (Inventory No. 04000C2EF, Cochise) and (b) gneiss (Inventory No. 0400119E1, Cochise 

to Historical period). (Note: “Cochise” indicates a context directly or indirectly dated to more than 
one phase of the Cochise chronology or more than one Archaic period.)
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Table 33. Summary Information Recorded on Lukeoliths, by Temporal Component, Falcon Landing 

Characteristics
Early 

Chiricahua
Cienega Cochisea Cochise to 

Historical
Not Dated Total

Type

Type 1 8 4 8 6 7 33

Type 2 4 — 3 1 2 10

Type 3 6 — 10 1 4 21

Indeterminate — — 2 1 1 4

Number of specimens 18 4 23 9 14 68

Condition

Complete 16 3 21 6 4 50

Fragment 2 1 2 3 10 18

Material Texture

Nonvesicular 11 2 16 3 11 43

Vesicular 7 2 7 6 3 25

Thermally Altered

No 16 3 21 5 13 58

Yes 2 1 2 4 1 10

Residue

No 17 4 17 9 13 60

Yes 1 –– 6 –– 1 8

Manufacturing Investment

High 13 4 19 8 8 52

Low 5 — 4 1 5 15

Indeterminate — — — — 1 1

Metrics

Length (mm)

Average 350 305 314.6 280.4 315 305.7

SD 56.5 21.8 40.6 62 42.3 42.7

n 8 3 8 5 5 53

Width (mm)

Average 149.4 139.5 138.6 131.8 150 139.8

SD 18 5.3 15.6 23.8 13.4 18.3

n 8 4 8 6 6 62

Thickness (mm)

Average 50.6 52.8 55.9 60 50.5 54

SD 14.3 9 7.6 11.7 7 9.8

n 8 4 8 5 6 60

Weight (g)

Average 3,727 2,850 3,628 3,015 3,431 3,434

SD 543 260 723 704 672 732

n 8 3 8 5 4 50

Proximal End Wear Length (mm)

Average 52.5 55 37.5 70 55 46.7

SD 16.5 18 21.2 28.1 28.1 21.7

n 8 3 8 5 6 51

continued on next page
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Lukeoliths were executed on a diverse array of raw materials, including a variety of volcanic, plutonic, 
and nonfoliated metamorphic rocks (Table 34). Secondary water-wear cortex was present on most speci-
mens, suggesting that the raw materials for Lukeoliths were invariably drawn from alluvial-cobble sources. 
The recovery of a number of manuports very similar in form to Lukeoliths indicates the selection of raw 
materials that required little modification. There was a pronounced preference for volcanic materials with 
naturally coarse surfaces. Vesicular-basalt items were particularly prevalent in the collection (32 percent), 
and basalt of all types composed just over half the collection of complete specimens. Most of the andesites, 
dacites, and rhyolites were nonvesicular and aphanitic but coarse textured. A limited number of granite, 

Characteristics
Early 

Chiricahua
Cienega Cochisea Cochise to 

Historical
Not Dated Total

Distal End Wear Length (mm)

Average 46.3 42.5 40.6 52.5 49 44.3

SD 16.2 8.7 24.3 33.3 10.2 17.8

n 8 4 8 6 5 50

Proximal End Wear 

Heavy 4 1 6 3 5 19

Light 7 — 6 — 2 15

Moderate 5 2 5 3 2 17

Unused — — 5 1 3 9

Indeterminate 2 1 1 2 2 8

Distal End Wear

Heavy 6 2 7 1 7 23

Light 3 — 3 2 — 8

Moderate 6 1 8 2 — 17

Unused 2 — 3 2 1 8

Indeterminate 1 1 2 2 6 12

Face 1 Wear

Heavy 3 — 3 1 1 8

Light — — 5 — 1 6

Moderate 5 1 5 2 3 16

Unused 9 3 10 5 9 36

Indeterminate 1 — — 1 — 2

Face 2 Wear

Heavy 1 — — — 1 2

Light — — 2 — — 2

Moderate — 1 1 — — 2

Unused 17 3 20 8 12 60

Indeterminate –– — — 1 1 2

Recovery Context

Cache — — 1 4 — 5

FAR concentration 1 — — — — 1

House-in-pit — — 2 — — 2

Nonthermal pit — 1 3 1 — 5

Thermal pit 1 — 1 — — 2

CBS/mixed 16 3 16 4 14 53

Total 18 4 23 9 14 68

Key: CBS = culture-bearing sediment; n/a = not applicable; SD = standard deviation.
a Cochise indicates a context directly or indirectly dated to more than one phase of the Cochise chronology or more than one Archaic 
period.
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porphyritic-andesite, quartzite, and nonvesicular-basalt specimens had smooth surface textures, but their 
surfaces were invariably roughened/pecked. 

Eighteen of the 68 recorded Lukeoliths were fragments. Because the surfaces of most Lukeoliths were 
not necessarily diagnostic of the type, many fragments were likely classified as indeterminate ground stone. 
All of the fragmented specimens were volcanic, with a predominance of basalt. Half the fragmented assem-
blage had been thermally altered, but only 3 pieces were recovered from thermal pits or FAR concentrations 
(see Table 33). The high heat-retention capacity of volcanic rocks, and basalt in particular, likely made many 
Lukeoliths common for use in thermal features. It is also possible that vesicular-basalt tools were maintained 
longer and broke more often than other tools, increasing the likelihood of recycling.

Several of the better Lukeolith examples from the reference collection, almost exclusively recovered 
from nonfeature contexts, were digitally enhanced to show their wear patterns (Figures 62–66), which is 
sometimes hidden on proximal and distal tool edges. The ubiquity of use wear on various surfaces precludes 
the possibility that these forms represent trade blanks or preforms for some other implements—one of the 
many interpretations of the photographs sent out for peer review by SRI (see Lukeoliths section, above). 
Use wear on Lukeoliths always included end polish or pecking and sometimes included grinding on one or 
both faces. In other words, the implement alternated in function between a top stone and a bottom stone—
the height of multifunctionality among typical ground stone tools.

The end wear on Lukeoliths extended a short distance up the faces but often progressed much higher 
on the margins. The height of margin wear was not always symmetrical from margin to margin on a given 
tool. This indicates that the tools came in contact with the sides of a bottom implement and often made con-
tact with one side. No evidence of gyration was observed on the specimens. As noted above, end pecking of 
nonvolcanic specimens included pecked ends that had been subsequently polished and pecked bodies that 
received no use. Based on overlapping pecking and polishing, end pecking was clearly related to tool main-
tenance; body roughening, again, may have related to prehension.

The morphology and use wear of pestles and Lukeoliths indicate that they were closely related. The aver-
age extents of use wear up the shafts and margins were nearly identical, at 4.5 cm (Figure 67), and there was 
a steep drop-off in wear heights at around 7 cm. To further evaluate the relationship, samples of Lukeoliths 
and pestles with highly polished surfaces were compared at the University of Arizona School of Anthropology 
Multipurpose Laboratory, using the methods described for pestles. The smooth, shallow rounding and polish 
typical of many pestles could not be distinguished from the wear on the sampled Lukeoliths. Vesicular-basalt 
specimens with visibly heavy polish showed wear that rounded but did not crush high crystals and extended 
a short distance into vesicles without affecting the sharp, crystalline edges visible in some vesicle bottoms 
(Figure 68a and b). Some nonvesicular Lukeoliths showed pecked ends with high crystals that were rounded 
from minor use (Figure 69a). An unusual Type 3 example from a nonthermal pit (Feature 18368) exhibited 
a pecked and polished end and a lightly ground face with ocher and soot staining but no shaping of the natu-
ral cobble form (see Figure 69b). The limited penetration of use wear into vesicles is taken as evidence that 
the contact material was wood or bone rather than hide (Adams 2002:37–39). The most parsimonious ex-
planation is that Lukeoliths represent a distinct variety of pestle that was used to process mesquite in large 
wooden mortars. A handful of ethnohistoric images have shown the use of flat pestles (Kroeber 1953:Plate 
45; Hrdlička 1906:Plate VIII; Felger 1977:157) with bedrock, wooden, and earthen mortars.

Eight additional Lukeoliths retained residues consisting of red ocher and/or black soot on one or both 
faces. Pigment processing is typically associated with lapstones and palettes in later contexts (Adams 
2002:116). Pigment stained between 36 and 44 percent of the San Pedro phase ground stone artifacts from 
southern Arizona surveyed by Adams (2005:108). It signals a wide range of socially important customs and 
is ubiquitous in the archaeological record. Traditional use of pigment entailed the production of pigment 
“cakes” for trade and transport (Eiselt et al. 2011); so, it is possible that pigment was not processed at Fal-
con Landing but was reconstituted from cake stocks. Based on its association with soot, it may have been 
heated, perhaps using embers—a commonplace practice for controlling the color of iron oxides.
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Figure 62. Type 1 Lukeoliths from early Chiricahua phase nonfeature contexts at 
Falcon Landing: (a) granite (Inventory No. 040011972) and (b) basalt (Inventory No. 

04000FC24).

Figure 63. A Type 2 basalt Lukeolith from 
an undated nonfeature context at Falcon 

Landing (Inventory No. 04000C374).
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Figure 64. Type 1 and 2 Lukeoliths from nonfeature contexts at Falcon Landing. Type 1: (a) 
vesicular basalt (Inventory No. 04000C261, Cienega phase). Type 2: (b) vesicular basalt (Inventory 

No. 04000C015, Cienega phase) and (c) basalt (Inventory No. 04000FDFA, not dated).
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Figure 65. Type 2 and 3 Lukeoliths from early Chiricahua phase nonfeature contexts at Falcon 
Landing. Type 2: (a) vesicular basalt (Inventory No. 04000ED50). Type 3: (b) rhyolite (Inventory No. 
04000E3EF), (c) rhyolite (Inventory No. 040010012), and (d) andesite (Inventory No. 040010019).
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Figure 66. Type 2 and 3 Lukeoliths from Cochise contexts at Falcon Landing. Type 2: (a) vesicular 
basalt, from a nonfeature context (Inventory No. 04000C264); (b) vesicular basalt, from a 

nonfeature context (Inventory No. 04000C25C); and (c) andesite, from Feature 1313, a structure 
(Inventory No. 04000C6C5). Type 3: (d) rhyolite, from a nonfeature context (Inventory No. 

04000C037). (Note: “Cochise” indicates a context directly or indirectly dated to more than one 
phase of the Cochise chronology or more than one Archaic period.)
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Figure 67. Heights of use wear on pestle shafts and Lukeolith margins (Pestle sample: n = 83; 
mean = 44.8 mm; standard deviation = 24.5. Lukeolith sample: n = 101; mean = 45.5 mm; standard 

deviation = 20).
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Figure 68. Use wear on vesicular-basalt Lukeoliths from nonfeature contexts at Falcon Landing: 
(a) Type 2 (Inventory No. 04000E3F9, early Chiricahua phase) and (b) Type 1 (Inventory No. 

04000ED50, not dated). Magnification at 75×.
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Figure 69. Use wear on granite Lukeoliths from Falcon Landing: (a) Type 1, from a nonfeature 
context (Inventory No. 040011972, early Chiricahua phase), and (b) Type 3, from Feature 18368, 

a nonthermal pit (Inventory No. 040010793, Cochise). Magnification at 75×. (Note: “Cochise” 
indicates a context directly or indirectly dated to more than one phase of the Cochise chronology 

or more than one Archaic period.)
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Netherstones
This category included 43 items that were characterized by their moderate size (an average weight of 7,156 g) 
and having had little or no manufacturing investment (pecking). Metric observations of netherstone sizes are 
provided in Table 35. Length and width axes were fairly normally distributed. Thickness had a nearly uni-
form distribution. These patterns informed the sizes and shapes of objects considered by the analysts to be 
netherstones. They were generally informal bottom stones that probably fulfilled an assortment of common 
tasks—chief among them, grinding. Single netherstones were recovered from several extramural contexts 
(see Table 35), but multiple netherstones were limited to a cache (n = 2) and a small number of thermal pits 
(n = 6). In total, 31 netherstones were discovered as isolated artifacts in extramural spaces. Netherstones 
were probably in use throughout the occupational history of the site. Limiting ages were available for only 
9 specimens dating to the early Chiricahua phase and 5 specimens dating to the Cienega phase.

A diverse range of raw materials was employed in the production of netherstones (Table 36). Volcanic 
materials of highly variable chemical composition and texture were the most common rocks. Foliated meta-
morphic rocks and plutonic rocks were approximately equally represented, followed by a few rare quartzite 
implements. There was no apparent patterning between implement form or function and material type. Items 
described as netherstones were complete, as opposed to fragmented, by a ratio of nearly 3:1. The predomi-
nance of complete pieces was probably a reflection of the fact that netherstones rarely show evidence of 
substantial use, decreasing the likelihood that fragmented pieces will be recognized as tools during analysis.

Netherstones did not experience the common uses experienced by metates or pestles, but they did not 
show specialized use. Four specimens retained some ocher or soot residue, but that did not set them apart 
from other tool classes. There was no evidence that other implements had been manufactured using nether-
stones. Some of the netherstones may represent early-stage metates that were deemed too small or otherwise 
insufficient. The netherstones at Falcon Landing provided grinding/working surfaces, but it is impossible 
to know whether they were transported to the site for such purposes or opportunistically used in those ways 
when they did not suit formal tasks. 

Indeterminate Ground Stone
The indeterminate ground stone pieces recovered from Falcon Landing included 537 fragments recovered 
from every recorded context (Table 37). The largest excavated samples were collected from thermal pits 
(n = 133), structures (n = 122), nonthermal pits (n = 118), and FAR concentrations (n = 48). Not surpris-
ingly, nearly 83 percent of the indeterminate ground stone from the site had been fire affected, indicating 
that most of it had been derived from ground stone tools that were recycled as thermal mass. Many of the 
implements experienced formal use before breaking or being broken as FAR, based on the high number 
of shaped pieces. Indeterminate ground stone was underrepresented in the Chiricahua phase midden (Fea-
ture 14587), indicating that recycling was intensive.

The average size of indeterminate ground stone was small, about one-quarter as large as the typical mano, 
but the total weight of the collection was 82,285 g (roughly 180 pounds). That is equivalent to about five or 
six respectable Chiricahua phase metates in mass but certainly represents many times more, because only a 
portion of a complete metate is a grinding surface, but all indeterminate fragments possessed grinding sur-
faces. The fracturing of ground stone tools made from natural cobbles would have led to many pieces that 
would be unidentifiable as ground stone during analysis. A significant portion of the FAR collection was 
likely composed of such specimens. 

The indeterminate ground stone at Falcon Landing was just that: fragments, mostly of metates and neth-
erstones. The percentage of vesicular basalt in the indeterminate ground stone was nearly identical to that 
of broken and complete metates at the site, around 20 percent.

Manuports
In total, 121 manuports were recovered from Falcon Landing, mostly from structures (n = 10) and thermal 
pits (n = 7). Eighty-six manuports were located in extramural spaces (Table 38). Only a small number of 
specimens were dated, including 20 items from early Chiricahua phase features and sediments. The intended 
functions of the manuports were sometimes evident based on raw material, size, and shape, such as a small 
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Table 35. Summary Information Recorded on Netherstones, by Temporal Component, Falcon Landing 

Characteristics Early Chiricahua Cienega Cochisea Cochise to 
Historical

Not Dated Total

Number of specimens 9 5 11 8 10 43

Condition

Complete 5 5 6 8 7 31

Fragment 4 — 5 — 3 12

Material Texture

Other 8 5 9 8 9 39

Vesicular 1 — 2 — 1 4

Thermally Altered

No 6 5 6 8 9 34

Yes 3 — 5 — 1 9

Residue

No 9 5 10 8 7 39

Yes — — 1 — 3 4

Manufacturing Investment

High 2 — — — — 2

Low 7 5 11 8 10 41

Surface Count

1 9 5 10 8 9 41

2 — — 1 — 1 2

Primary Surface Texture

Coarse/resharpened — — 1 — — 1

Smooth 9 5 10 8 10 42

Metrics

Length (mm)

Average 294 283 269.3 355 306.1 304.9

SD 55 83.9 70.6 114.2 69.4 83.8

n 5 5 7 8 9 34

Width (mm)

Average 221 181 169.3 233.8 225.6 208.2

SD 34.4 77.3 40.4 78 57 62.9

n 5 5 7 8 8 33

Thickness (mm)

Average 70.2 68 70.6 68.8 90 74.9

SD 28.7 31.7 31.8 23 33.8 29.7

n 5 5 7 8 9 34

Surface length (mm)

Average 216.7 183 154.3 203.8 202.8 192.9

SD 57.2 57.8 34.1 37.9 44 48.0

n 6 5 7 8 9 35

Surface width (mm)

Average 155 135 105.7 141.3 136.9 133.8

SD 20.6 50.2 27 16.2 37.9 33.7

n 5 5 7 8 8 33

continued on next page
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Characteristics Early Chiricahua Cienega Cochisea Cochise to 
Historical

Not Dated Total

Surface depth (mm)

Average 1.2 0 4 0 3.9 5.6

SD 2.7 0 5.7 0 4.5 4.0

n 5 5 4 8 8 8

Weight (g)

Average 6,097 6,863 4,500 9,886 7,280 7,156

SD 1,388 4,328 2,916 8,820 3,105 5,278

n 5 5 6 8 7 31

Recovery Context

Cache — — 2 — — 2

FAR concentration — — 1 — — 1

Nonthermal pit — — 1 — — 1

Nonthermal pit (bell shaped) 1 — — — — 1

Posthole 1 — — — — 1

Thermal pit 2 — 4 — — 6

CBS/mixed 5 5 3 8 10 31

Total 9 5 11 8 10 43

Key: CBS = culture-bearing sediment; SD = standard deviation.
a Cochise indicates a context directly or indirectly dated to more than one phase of the Cochise chronology or more than one Archaic 
period.
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Table 37. Summary Information Recorded on Indeterminate Ground Stone, by Temporal Component, 
Falcon Landing

Characteristics
Early 

Chiricahua
Late 

Chiricahua
San  

Pedro
Cienega

Red 
Mountain

Cochisea Cochise to 
Historical

Not  
Dated

Total

Number of specimens 220 8 17 11 4 113 90 74 537

Material Texture

Nonvesicular 161 7 17 9 4 92 78 69 437

Vesicular 59 1 — 2 21 12 5 100

Thermally Altered

No 45 — 1 2 — 2 5 38 93

Yes 175 8 16 9 4 111 85 36 444

Manufacturing Investment

High 32 — — 2 — 11 12 4 61

Indeterminate 156 4 13 8 4 88 69 68 410

Low 32 4 4 1 — 14 9 2 66

Weightb

Average (g) 272 64 127 168 176 142 157 224 205

SD 509 48 116 177 89 123 115 414 360

n 144 8 11 11 4 102 62 59 401

Recovery Context

Activity area 3 — — — — 12 — — 15

Charcoal/ash lens — — — — — 2 1 — 3

FAR concentration 1 — — — — 17 30 — 48

House-in-pit 90 5 11 — 3 6 5 — 120

Midden 3 — 1 — — — — 4

Nonthermal pit 6 3 4 1 1 61 39 — 115

Nonthermal pit (bell 
shaped)

1 — — 2 — — — — 3

Posthole 8 — 1 — — — — — 9

Surface structure — — — 2 — — — — 2

Thermal pit 104 — — 1 — 14 14 — 133

CBS/mixed 4 — — 5 — 1 1 24 35

Site surface — — — — — — — 50 50

Total 220 8 17 11 4 113 90 74 537

Raw Material

Andesite 3 — 1 1 1 4 2 2 14

Andesite (porphyritic) 2 — — — — 3 — 2 7

Aplite 1 — — — — 1 1 — 3

Basalt 53 3 5 2 1 13 13 25 115

Basalt (vesicular) 59 1 — 2 — 16 12 5 95

Dacite — — — 2 — 3 11 2 18

Diorite 1 — — — — — — 1 2

Gabbro 1 — — — — — — 2 3

Gneiss 2 — — — — 2 3 — 7

Granite 29 2 1 1 — 4 11 3 51

Granodiorite 1 — — — — — 1 — 2

Igneous (fine grained) 2 — — — — — — — 2

Indeterminate — — — — — — — 15 15

Metamorphic 
(indeterminate)

— 1 1 — — 5 1 — 8
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number of Lukeolith-shaped rocks. The material-type frequencies also suggest provisioning for manos or 
hammerstones (quartzite) and grinding slabs (foliated metamorphic). However, weight data indicated that 
large metate blanks were not included in the manuport sample. The presence of unmodified rocks shows a 
heavy investment in the provisioning of raw materials at Falcon Landing. One incomplete cobble manuport 
in the collection was collected from the wall of TR 10065, in a nonsite area of the APE.

FAR
FAR was by far the most ubiquitous artifact class recovered from Falcon Landing. In total, 10,192 pieces of 
FAR, a small sample, were collected from select features and analyzed. Raw material was determined for 
approximately 44 percent (n = 4,460) of the sample. A significant number (n = 948) were from one feature 
and were very small pieces. Removing those from the sample, 38 percent of the collection was analyzed. 
The FAR collection from controlled excavations of dated features (n = 1,866) is summarized in Table 39.

Of the FAR-bearing features included in Table 39, nearly 45 percent contained ground stone fragments. 
Again, the FAR at Falcon Landing was probably composed almost exclusively of recycled ground stone tools, 
but that assertion is impossible to test. The largest concentrations of FAR were collected from nonthermal 
pits, thermal pits, structures, and the Chiricahua phase midden (Feature 14587). Figure 70 shows the total 
number of pieces of FAR per feature class as well as the total per feature class divided by the number of 
excavated features. FAR is expected in its places of use (in roasting pits or hearths) and as secondary refuse 
(in abandoned pits or middens). At Falcon Landing, some nonthermal pits contained more FAR per feature 
than FAR concentrations did and nearly as much FAR per feature as did thermal pits, suggesting that FAR 
was occasionally managed in piles and pits for site organization and cleanliness or in anticipation of future 
needs, rather than transferred to a midden or allowed to scatter.

A comparison of the distributions of material types in the FAR and the ground stone indicated substantial 
differences. Both plutonic rocks and rhyolite were far overrepresented in the FAR collection, but basalt was 
significantly underrepresented relative to other material types. That relationship is surprising, considering that 
basalt’s thermal properties exceed those of rhyolite, and it may reflect the greater durability of basalt tools.

Tray
One ground stone object from an undated and unassociated context was classified as a tray. It was a frag-
ment of a highly shaped implement that likely served as a bottom stone for grinding small amounts of mate-
rials, but the implement was incomplete, and its complete size is unknown. The fragment measured 12 cm 
in width, 10 cm in length (incomplete), and approximately 3 cm in thickness. The diminutive size and the 
thinness of the basin indicated that it did not serve the same function as other grinding stones in the collec-
tion. It was executed on a pink quartzite and was concave in profile. The preparation of pigment or some 

Characteristics
Early 

Chiricahua
Late 

Chiricahua
San  

Pedro
Cienega

Red 
Mountain

Cochisea Cochise to 
Historical

Not  
Dated

Total

Phyllite 3 — — — — — — — 3

Quartz — — — — — — 1 — 1

Quartzite (meta) 11 2 1 1 9 9 3 36

Rhyolite 32 1 3 — 1 32 15 8 92

Rhyolite (porphyritic) 13 — — — — 2 4 — 19

Rhyolite (vesicular) — — — — — 5 — — 5

Sandstone — — 2 — — 3 2 1 8

Schist 4 — 2 2 — 9 4 4 25

Tuff 3 — — — — 2 — 1 6

Total 220 8 17 11 4 113 90 74 537

Key: CBS = culture-bearing sediment; SD = standard deviation.
a Cochise indicates a context directly or indirectly dated to more than one phase of the Cochise chronology or more than one Archaic 
period.
b Not all specimens had weight recorded, therefore only a sample is included in this category.
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Table 38. Summary Information Recorded on Manuports, by Temporal Component, Falcon Landing

Characteristics
Early 

Chiricahua
Cienega Cochisea Cochise to 

Historical
Not Dated Total

Type

Cobble manuport 16 3 7 5 69 100

Tabular manuport 2 1 — 1 11 15

Indeterminate 2 — 3 — 1 6

Number of specimens 20 4 10 6 81 121

Weight (g)b

Average 450 1,926 1,053 2,137 2,904 2,481

SD 453 1,490 1,074 516 3,732 3,374

n 8 4 8 4 74 98

Recovery Context

Activity area — — 2 — — 2

Cache — — 1 — — 1

FAR concentration 3 — — 2 — 5

House-in-pit 9 — 1 — — 10

Nonthermal pit 1 — 4 — — 5

Nonthermal pit (bell shaped) 1 1 — — — 2

Thermal pit 3 2 — 2 — 7

Thermal pit (bell shaped) 1 — — — — 1

CBS/mixed 2 1 2 2 79 86

Site surface — — — — 2 2

Total 20 4 10 6 81 121

Raw Material

Andesite — — — — 6 6

Andesite (porphyritic) — — — 1 — 1

Basalt 2 — 1 — 10 13

Basalt (vesicular) 2 — — — 2 4

Dacite — 1 — — 1 2

Diorite — — — — 1 1

Gabbro 1 — — — 1 2

Gneiss — 1 1 — 10 12

Granite 6 — 1 — 1 8

Granodiorite — — — 1 — 1

Metamorphic (indeterminate) — — 1 — — 1

Phyllite 2 — — 1 — 3

Quartzite (meta) 3 — 2 — 26 31

Rhyolite 3 1 3 — 11 18

Rhyolite (vesicular) — — 1 — — 1

Schist 1 1 — 3 10 15

Tuff — — — — 2 2

Total 20 4 10 6 81 121

Key: CBS = culture-bearing sediment; SD = standard deviation.
a Cochise indicates a context directly or indirectly dated to more than one phase of the Cochise chronology or more than one Archaic 
period.
b Not all specimens had weight recorded, therefore only a sample is included in this category.
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other material prepared only in small quantities is the most intuitive functional explanation, but there was 
no use wear or residue to provide a more informed assessment of its use.

Polisher
One artifact showed clear signs of having been used as a polisher or having developed a polish from some 
other use. Recovered from Feature 14906, a Chiricahua–San Pedro phase thermal pit, the quartzite cobble 
measured 5 cm in diameter, exhibited a ubiquitous physical or chemical sheen, and was stained with soot. 
No equally large polished items were recovered from the site, and the tool’s function is unknown.

Donut Stone
A “donut stone” made from basalt was recovered from an Archaic period nonfeature context. The implement 
was not highly symmetrical and had a diameter that varied between 7.5 and 8.4 cm. The stone measured 2 cm 
thick, and the small perforation was approximately 0.5 cm in diameter (Figure 71). There was no evident use 
wear in the perforated area. The functions imagined for donut stones are numerous, but digging-stick stone, 
net weight, spindle whorl, and sling stone are common analogs. They are found broken, but typically do 
not show wear patterns indicative of their use. Koerper et al. (2010) distinguished formal, magico-religious 
donut stones from utilitarian digging-stick stones at mostly Late period sites in California. Although com-
monplace at archaeological sites in southern Arizona (Adams 2002), the function of so-called donut stones is 
a mystery. Their antiquity is likewise poorly documented. Haury (1950:332) only reported two donut stones 
from the top level at Ventana Cave, but Adams (2002:112) described one found in an undated intramural 
pit at Los Pozos and mentioned their presence during Cienega phase occupations in the middle Santa Cruz 
River valley. The presence of a single donut stone at Falcon Landing indicates that donut stones were rarely 
used and lost at the site, but that is typical of the type.

Figure 70. Absolute and relative frequencies of FAR from various recovery contexts, 
based on a subsample (n = 1,866).
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Disk Beads
Thirteen stone-disk beads were found intermingled with 249 Olivella-shell beads in Feature 18880, an ex-
tramural pit (see Chapter 4, Volume 1). The beads were made from a slightly glossy white stone, possibly 
steatite (Figure 72). The stone beads were the same color as the shell beads, but the shell colors may have 
faded over time. The stone beads were all complete and had central, cylindrically drilled perforations. With the 
shell beads, they may represent a single artifact, such as a long necklace, or several smaller pieces. Grinding 
striations were visible on the edges, but few other manufacturing traces remained. The beads were standard in 
size and shape, and there was very little variation in their overall diameters. The 13 beads ranged from 10.3 
to 10.7 mm across and were very even in overall shape; when laid one on top of the other, the edges matched 
one another closely. There was slightly more variation in thickness, with a range of 3.3–5.4 mm (Table 40), 
and the perforations ranged from 4.4 to 5.5 mm across. No stone-bead-manufacturing debris was identified. 

In an overview of San Pedro phase technologies, Mabry (2008) suggested that although larger stone disks 
have been found in Late Archaic/Early Agricultural period contexts, stone-disk beads were uncommon in 
that time period. Bone and tortoise-shell disk beads and beads of other shapes made of bone, tortoise shell, 
marine shell, mica disks, and fired clay were present. Drilled stone pendants and other stone ornaments have 
been found in low numbers (Ferg 1998), but stone does not appear to have been the preferred material for 
most personal ornaments in the Late Archaic/Early Agricultural period. Preferences in ornaments change 
over time. Bone beads and drilled bones have occasionally been found in Middle Archaic period contexts 
(Bayham 1986a; see also Chapter 4). A single shell bead was recovered from a Middle Archaic period con-
text at Falcon Landing, and a tubular bone bead was also found at the site (see Chapter 4). Shell beads were 
common in the Early Agricultural period, but shell bracelets were more popular in later periods (Vokes 2003), 
and stone-disk beads also seem to have become more common in later times. 

Figure 71. A basalt donut stone from a nonfeature Cochise 
context at Falcon Landing (Inventory No. 04000C363). (Note: 
“Cochise” indicates a context directly or indirectly dated to 

more than one phase of the Cochise chronology or more than 
one Archaic period.)
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Table 40. Summary Information on Stone Beads from Feature 18880, Falcon Landing 

Level Context Length (mm) Width (mm) Thickness (mm)
Perforation Diameter 

(mm)
Weight (g)

1 fill 10.4 10.3 4.6 4.4 0.7

10.4 10.3 3.8 5 0.5

10.7 10.5 3.7 5.5 0.5

10.3 10.3 4.2 4.6 0.7

10.6 10.5 3.5 5 0.5

10.4 10.3 3.3 4.7 0.5

2 fill 10.4 10.3 4.6 4.8 0.7

10.6 10.6 4.7 4.7 0.7

10.7 10.6 4.7 5 0.8

3 mixed 10.4 10.4 3.9 4.5 0.6

  10.4 10.4 4.6 4.5 0.7

5 mixed 10.5 10.4 5.4 4.5 0.8

10.3 10.2 4.7 4.8 0.6

Figure 72. Steatite stone beads from Cochise 
Feature 18880, a nonthermal pit at Falcon Landing 
(Inventory Nos. 04001008C, 0400102F7, 040010806, 

040010B8E, 0400124DF, 0400125DB, and 
0400125E3–0400125E9. (Note: “Cochise” indicates 
a context directly or indirectly dated to more than 
one phase of the Cochise chronology or more than 

one Archaic period.)
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Stone disk beads were recovered at Snaketown from all contexts but increased in frequencies from the 
Estrella phase to the Sacaton phase (Gladwin et al. 1965; Haury 1976). The Snaketown beads ranged in 
size from 0.1 to 1.9 cm. Steatite ornaments from Snaketown were dated mostly to the Sacaton phase, but 
the material appeared to be dark gray or bright green, rather than the white that was found at Falcon Land-
ing. Disk beads were identified at sites excavated during the Tonto Creek Archaeological Project (TCAP) 
(Vokes 2001a). The beads had been made from several materials and were found in a variety of contexts, but 
most were found in mortuary contexts. Vokes found that the TCAP beads fell into two size ranges. Beads 
found in groups tended to be smaller than those found individually (including one group associated with 
shell-disk beads). The beads from Falcon Landing were more in line with the larger individual beads than 
the smaller beads. Stone ornaments from the Early Ceramic period were entirely absent from the Roosevelt 
Community Development Study (Adams and Elson 1995). The highest proportion of disk beads from that 
project was from the Sedentary period, and the proportion of disk beads decreased again during the Classic 
period. Farther to the south of the Luke Solar project area, one disk bead, a square bead, and a disk-bead 
blank made from turquoise were recovered from Tortolita phase contexts at the Valencia Vieja site in the 
Tucson Basin (Vokes 2003). 

Disk beads are not limited to the Hohokam area, and excavations at the Mogollon Tla Kii Ruin, For-
estdale, produced finished beads and debitage of black steatite showing stages of manufacture (Haury 
1985:120). At that site, manufacturing began by incising squares into one face of a sheet of steatite. Haury 
suggested that after the incised sheets were broken into square blanks, the blanks were drilled and rounded, 
strung together, and ground into final shape on a grooved abrader. Bead manufacture observed during the 
TCAP was consistent with that described by Haury (Vokes 2001a), and researchers have suggested that a 
stone whorl in a feature interpreted as a bead-manufacturing location may have been part of a pump drill. 
If the beads from Falcon Landing were manufactured using processes similar to those described by Haury, 
and the beads were strung together before being ground into final shape, then that would account for the 
extremely even shape of the beads and would also suggest that the 13 stone beads were made at the same 
time and obtained from one source.

As noted above, stone-disk beads are generally associated with later times. Most of the shell beads from 
Feature 18880 were the simple spire-lopped Olivella-shell beads found in quantities from the Late Archaic/
Early Agricultural period and later times, but three Olivella-shell barrel beads were also identified (see Chap-
ter 4). Barrel beads are more often found at Sedentary through Classic period sites (Vokes 2001b). In addi-
tion, nine shell beads were made from Olivella fletcherae, a species usually found in contexts representing 
later times (see Chapter 4). Together, these various observations may indicate that the composite artifact or 
artifacts from Feature 18880 may belong to a later time than many of the surrounding features or that Middle 
Archaic period sites have been poorly sampled for rare exchange items.

Pipe
A stone pipe was recovered from Feature 4370, a nonthermal pit (Figure 73) dating to the San Pedro phase. 
The pipe was conical and nearly complete and had breakage along one side of its wider end. It measured 
9.7 cm in length and 2 cm in width and had an interior-hole diameter of just over 1 cm that tapered to 0.6 cm 
at the narrow end. It was made from a very fine-grained, light-gray porphyritic tuff and had a clear soot line 
showing where the wide end had been filled and burned. A few lines had been scratched into the surface 
of the smaller end, two of them forming a Y shape (not shown in Figure 73). Two shallower, shorter lines 
may have been present above the Y shape, but they were much harder to see and could have resulted from 
inadvertent scratches or gouges. 

Although conical and/or tubular pipes are often referred to as “cloud blowers” because ethnographic 
studies have described them as having been used to blow smoke clouds during ceremonies, Ferg (1998) rec-
ommended that this term be avoided, because it implies a specific, intended use. Moreover, such an activity 
does not in fact require a specific shape of pipe. In addition, inconsistent use among researchers makes the 
term less useful, because some have used it in reference to conical pipes, others have used it in reference to 
tubular pipes, and for some, it can mean either tubular or conical pipes (Ferg 1998). Therefore, the term is 
avoided in the present discussion.
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Ferg (1998) provided an extensive overview of pipe use among ethnographic accounts and archaeological 
specimens. Soot lines present on the pipe from Falcon Landing and other pipes confirmed that these objects 
likely were smoking equipment, but what exact materials were smoked during the Middle Archaic period is 
unknown, although there are some clues. Tobacco seeds were found in sediments surrounding a stone pipe 
from Cienega phase contexts at the Stone Pipe site and in four other features or subfeatures (L. Huckell 1998). 
Those seeds were tentatively identified as belonging to two species native to Southern Arizona. The bowls of a 
double-ended pipe from Ventana Cave retained material suggested to be tobacco (Haury 1950), but that identi-
fication has been called into question (Ferg 1998). The presence of tobacco at Stone Pipe indicates that tobacco 
use has been practiced since the Cienega phase, but it does not guarantee that the pipe from Falcon Landing 
was a tobacco pipe. During the Historical period, people of the U.S. Southwest smoked the stems, seeds, and 
leaves of many other plants and even smoked some nonplant materials (Ferg and Mead 1993; L. Huckell 1998; 
Jones 1944; Rainey and Adams 1994), and any of these could have been mixed with tobacco or smoked alone. 

Ferg (1998) found that most stone pipes from the Archaic and Early Agricultural periods in the U.S. 
Southwest have dated to the Cienega phase, although a few Middle Archaic period specimens have been 
found in California, and one pipe from Ventana cave was assigned to Chiricahua–Amargosa II. He noted 
that Middle Archaic period pipes tend to be short, large mouthed, and conical, but by the Cienega phase, 
pipes had become much more variable in form. Since the time of Ferg’s summary, conical stone and clay 
pipes and bulbous pipes with bone stems have been seen in San Pedro phase contexts at Las Capas (Mabry 
2008). SWCA archaeologists recovered a fragmentary conical argillite pipe from an early San Pedro phase 
context (Hesse 2010). Although many of the known pipes from the Late Archaic/Early Agricultural period 
were recovered in the Tucson Basin, one fragmentary pipe was recovered northwest of Phoenix, at AZ T:2:1 
(ASU) (Rice and Dobbins 1981). Two conical vesicular-basalt pipes were also found in Cienega and Red 
Mountain phase inhumations at Finch Camp (Ballenger et al. 2011). The pipe from Falcon Landing was 
long and slender and, when compared to pipes illustrated in Ferg’s overview (1998:589–599), was most 
like one from the Wetlands site (Ferg 1998). It was shorter than the pipe from Stone Pipe but longer than 
the pipes from Finch Camp (Ballenger et al. 2011) and Cienega Creek and the measurable pieces from the 
SU site (Ferg 1998). Pipes seem to have been more common in the Early Agricultural period, but few have 
been found at Hohokam sites (Ferg 1998; Haury 1976), and Haury (1976) suggested that the dearth of pipes 
at Hohokam sites indicates that tobacco was consumed in cane-cigarette form. 

Caches

Caches were previously defined as concentrations containing complete, serviceable stone tools (see Chapter 4, 
Volume 1). Most caches containing large pieces of ground stone were easily detected. Other probable caches 
were encountered as extramural artifacts that were usually partially exposed by mechanical excavations and 
not in a discernible pit. These extramural artifacts were typically collected without a formal excavation pro-
cess and therefore were never assigned feature numbers. During Phase 2 fieldwork, several concentrations 

Figure 73. A tuff stone pipe from San Pedro phase Feature 4370, a nonthermal pit at 
Falcon Landing (Inventory No. 04000C2B9).
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of ground stone items were excavated as formal features. In total, 19 such caches were identified and exca-
vated at Falcon Landing (see Chapter 4, Volume 1). Two of the caches (Features 3598 and 3611) reported in 
Volume 1, however, were poor candidates for caches. For example, Feature 3598 contained a single metate, 
but it was fragmented into nine pieces that appeared to have been fire affected. Feature 3611 only contained 
one hammerstone and one mano fragment. These two features are not considered in this discussion.

The stone-artifact analysis provided an opportunity to reevaluate concentrations of ground stone items 
that were not identified as cache features in the field. In all, 36 possible caches were recognized at Falcon 
Landing: 17 of the cache features described in Volume 1, 13 additional extramural caches recovered from 
MSUs and not assigned feature numbers, and 6 features that contained possible caches but were assigned 
to different feature types (i.e., nonthermal pit, thermal pit, or FAR concentration). The caches identified 
in Figure 74 are discussed in more detail below, but the distribution of caches relative to manos, metates, 
pestles, and mortars shows that caches generally were found in contexts similar to those of isolated, extra-
mural tools: within clusters and as isolates. Collapsing all time onto one plane, the distributions of tools and 
caches included obvious concentrations of multiple tools, concentrations of specific tools, and open spaces 
containing no isolates or caches. The spatial arrangement of plant-food-processing tools reflected the loca-
tions of former plants and other people, among other things, and the integrity of the clusters bears witness 
to long-term ecological and historical circumstances that gradually imparted structure to the site.

Nearly 100 tools were represented in these caches (Table 41), ranging from 2 to 6 objects per cache. 
Combinations of tools in the caches included multiple variations, and mano and metate groups occurred 
most frequently (n = 10). Multiple metates and Lukeoliths were also common (n = 7). Five caches contained 
only manos, and five caches consisted of pairs of pestles. Only one mortar-and-pestle pair was recovered. 
Caches that did not have feature numbers assigned in the field are identified here by their provenience-des-
ignation (PD) numbers.

PD 1391
PD 1391 was a large mortar-and-pestle pair (Figure 75a) at the southern end of Falcon Landing. The artifacts 
were stratigraphically dated to the Cienega phase. The vesicular-basalt boulder mortar had been shaped by 
pecking and grinding. Immediately adjacent to the mortar was a Type I pestle of the same material that had 
been minimally shaped by grinding and showed very light use wear.

PD 1532
PD 1532 was an Early to Late Archaic period artifact cluster in the southeastern part of the site. The cache 
consisted of two quartzite cobble manos. Both had been completely shaped by pecking and grinding.

Feature 3074
Feature 3074 was a possible cache of ground and flaked stone artifacts dating to the Late Archaic to Proto-
historic period. The cache was located in the southern portion of the site and contained two complete ground 
stone artifacts: a shaped Lukeolith stacked on a gneiss grinding slab. A schist grinding-slab fragment and a 
basalt cobble-mano fragment were also in the pit. The flaked stone artifacts included a piece of basalt shat-
ter and a rhyolite biface fragment. 

Feature 3190
Feature 3190 was a possible Middle Archaic to Pioneer period cache located in the southwestern portion 
of the site. Feature 3190 contained one complete dacite flat/concave metate that had been placed vertically 
within the center of a nonthermal pit.

Feature 3330
Feature 3330 was a possible ground stone cache and a nonthermal pit on the eastern edge of Falcon Land-
ing. The feature dated to the Pioneer to Classic period and included a cache of four complete ground stone 
artifacts. A face-down, flat andesite metate and an andesite cobble mano were immediately next to each 
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Figure 74. Map showing the distributions of complete ground stone manos, metates, mortars, and 
pestles in relation to caches at Falcon Landing.
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Figure 75. Caches at Falcon Landing: (a) a cache containing a vesicular-basalt mortar (Inventory 
No. 04000BFFF) and a basalt pestle (Inventory No. 04000C031) found in a nonfeature context, 

PD 1391 (Cienega phase); (b) a reconstructed cache containing two granite netherstones 
(Inventory Nos. 04000F4A6 [smaller] and 04000F4A3 [larger]) and a granite Lukeolith (Inventory 
No. 04000AB42) that were stacked within Feature 5185 (Cochise); (c) a cache containing a small 

basalt mortar and a quartzite mano (Inventory No. 04000E740 and Inventory No. 040011B2C, 
Cochise to Historical period); and (d) a cache containing a schist metate (Inventory No. 

04000F2A3) and a quartzite pestle (Inventory No. 04000F203) (no feature number, Cochise to 
Historical period). (Note: “Cochise” indicates a context directly or indirectly dated to more than 

one phase of the Cochise chronology or more than one Archaic period.)
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other. Two quartzite manos were displaced during mechanical stripping and were not relocated. The ground 
stone was immediately adjacent to a possibly unrelated nonthermal pit.

Feature 3372
Feature 3372 was a possible artifact cache located in the eastern-central portion of Falcon Landing (see Chap-
ter 4, Volume 1). Ground stone artifacts in the cache were two large, complete pestles lying next to each other 
at the base of a pit (see Figure 142, Volume 1). The Type X rhyolite pestle had been completely shaped by 
pecking and grinding and had a concave, ground lateral surface. The Type II pestle was porphyritic andesite 
and had been minimally altered by grinding. The only other artifact in the pit was a rhyolite core flake. A 
piece of charred mesquite wood from the feature was radiocarbon dated to a.d. 650–770. 

Feature 3547
Feature 3547 was a possible Early to Late Archaic period FAR concentration located in the southern portion 
of the site. Three complete cobble manos were clustered together; two were granite, one was quartzite. All 
had been minimally altered. A fragment of basalt debitage was also recovered from the feature.

Feature 3733
Feature 3733 was a possible post–Late Archaic period cache in the southeastern part of the site. A broken 
basalt metate was located next to a quartzite mano. The metate was an indeterminate-basin type and was 
nearly exhausted. The cobble mano had been pecked and ground into shape. 

Feature 3775
Feature 3775 was a possible Cienega phase ground stone cache in the southern portion of the site. The cache 
consisted of two complete pestles: a Type V pestle of schist and a Type VI pestle of basalt. Both pestles had 
been completely shaped by pecking and grinding. A pollen sample obtained from the fill next to the pestles 
contained pollens of mesquite, cheno-am, sunflower, grass, Indianwheat, globemallow, spiderling, and eve-
ning primrose. 

Feature 3792
Feature 3792 was a possible Late Archaic to Protohistoric period cache of three ground stone artifacts in the 
southern end of the site (see Chapter 4, Volume 1). It consisted of a complete gneiss grinding slab stacked 
on a rhyolite closed-basin metate. A basalt cobble mano was a few centimeters to the west (see Figure 140, 
Volume 1). Both the metate and the mano had been shaped. A pollen sample was recovered from beneath 
the lower metate and included pollens of cheno-am, sunflower, and large pine. 

Feature 3802
Feature 3802 was a possible ground stone cache in the southern portion of the site. The feature dated to the 
Late Archaic to Protohistoric period. The cache contained two complete pestles, both of which had been 
shaped by pecking and grinding. One was a Type VI quartzite pestle; the other was a Type VII pestle of ve-
sicular basalt. 

Feature 3817
Feature 3817 was a possible Late Archaic to Protohistoric period artifact cache in the southern part of the 
site. The cache contained a large (>170-mm), multidirectional rhyolite core; a rhyolite cobble uniface; and 
an andesite hammerstone with desert varnish. The multidirectional core and the uniface were next to each 
other; the hammerstone was about 20 cm away. 

Feature 3894
Feature 3894 was a possible Middle Archaic to Protohistoric period Lukeolith cache in the southern/central 
portion of the site. One complete and two incomplete Lukeoliths were clustered together. 
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Feature 3902
Feature 3902 was a possible Middle to Late Archaic period ground stone cache located in the central por-
tion of the site. The cache contained a schist grinding slab, upright on its side, with a complete gneiss cobble 
mano next to it, at the base of the pit. Other artifacts in the pit fill included a long-bone-shaft fragment from 
a small mammal and a long-bone-shaft fragment and a phalanx from a medium-sized mammal.

Feature 3993
Feature 3993 was a possible artifact cache from the Middle to Late Archaic period located in the southern 
portion of the site. The cached ground stone artifacts included a quartzite cobble mano that had been mini-
mally altered by pecking and a Type IX pestle of granodiorite that had been completely shaped by pecking 
and grinding. A quartzite cobble manuport and a basalt core were also in the feature. Five pieces of faunal 
bone were recovered, including a metapodial fragment, two metatarsal fragments, and one tarsal from a 
jackrabbit, as well as one long-bone-shaft fragment from a medium-sized mammal. 

Feature 4664
Feature 4664 was a possible Pioneer to Classic period cache in the northern portion of the site. Two com-
plete pestles were next to each other within a nonthermal pit. The pestles were a Type V vesicular-basalt 
pestle that had been completely shaped by pecking and grinding and a minimally shaped Type I gneiss pestle.

Feature 5185
Feature 5185 was a stack of three complete ground stone artifacts in the central portion of the site. The fea-
ture dated to the Middle to Late Archaic period and consisted of a granite Lukeolith stacked on two granite 
netherstones (see Figure 75b). The Lukeolith had been completely shaped by pecking and had flaking along 
one margin and both black and ocher residue on two faces. The two netherstones had been shaped by peck-
ing; the bottom netherstone had been minimally shaped. 

Feature 5945
Feature 5945 was a possible Early to Late Archaic period cache in the southern portion of the site (see Chap-
ter 4, Volume 1). It contained three complete ground stone artifacts: a schist closed-basin metate and two 
quartzite cobble manos. The metate was situated face-up, with the manos at one end (see Figure 138, Vol-
ume 1). Nine pieces of debitage and five faunal specimens were also recovered from the feature. The fau-
nal items were two long-bone fragments from medium-size mammals (one burned), a metapodial fragment 
from a medium-sized mammal, a burned jackrabbit-radius fragment, and a jackrabbit-humerus fragment. 

Feature 10931
Feature 10931 was a possible Pioneer to Classic period ground stone cache in the northern portion of the 
site. The cache contained a granite flat/concave metate and a schist cobble mano.

Feature 10934
Feature 10934 was a possible Late Archaic to Pioneer period ground stone cache in the northern part of the 
site. Three complete artifacts were in the feature. An aplite cobble mano and a minimally altered quartzite 
cobble mano were located along one edge of a flat-lying flat/concave granite metate.

PDs 11375 and 11376
PDs 11375 and 11376 were located in the southwestern portion of the site and dated to the Late Cienega to Red 
Mountain phase. The artifacts were a rhyolite basin metate and a quartzite cobble mano located 0.5 m apart.

PD 11379
PD 11379 was a possible Late Cienega to Red Mountain phase cache of two complete pestles in the south-
western part of the site. Both were Type VII pestles that had been pecked into shape; one was quartzite, and 
the other was rhyolitic tuff.
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PD 11433
PD 11433 was a possible Early Archaic to Pioneer period cache in the southwestern corner of the site. It 
consisted of a well-shaped andesite flat/concave metate and a vesicular-basalt Lukeolith. A rhyolite cobble-
mano fragment was also present.

PD 11456
PD 11456 was an Early Archaic to Pioneer period ground stone cache in the southwestern portion of the site. 
The artifacts included a formal, small vesicular-basalt mortar that had been pecked and ground into shape 
and a quartzite cobble mano that had been well shaped by pecking and grinding. The mano articulated with 
the orifice and basin of the mortar and may have broken it during use (see Figure 75c).

PD 11463
PD 11463 was a ground stone cache in the south-central part of the site that dated to the post–Middle Ar-
chaic period. The artifacts were four complete cobble manos, one each of andesite, quartzite, basalt, and 
schist. The andesite and quartzite manos had been shaped by pecking and grinding, and the basalt and schist 
manos had been shaped by grinding.

PD 14550
PD 14550 was a Chiricahua phase Lukeolith cache in the northern part of the site. The artifacts were a da-
cite Lukeolith that had been completely shaped by pecking and a vesicular-basalt Lukeolith that had been 
completely shaped by pecking and grinding.

Feature 14920
Feature 14920 was a Late Cienega to Red Mountain phase FAR concentration in the southwestern portion 
of the site. Artifacts recovered from the feature included seven pieces of FAR, five pieces of flaked stone 
debitage, one EMF, one indeterminate ground stone fragment, and a bone fragment from a medium-sized 
mammal. The flaked stone consisted of one rhyolite core flake, four large chalcedony core flakes, and one 
large chalcedony EMF. The five chalcedony flakes were all between 50 and 90 mm in length and had prob-
ably been removed from the same core.

Feature 14938
Feature 14938 was a Middle to Late Archaic period extramural pit on the eastern edge of the site. It consisted 
of a vesicular dacite Lukeolith that had been pecked into shape and a small basalt cobble hammerstone. A 
piece of quartzite microdebitage was also collected. 

PD 15093
PD 15093 was a Late Archaic to Pioneer period ground stone cache in the center of the site. It consisted of 
a gneiss netherstone that had been ground into shape and a fragment of a basalt basin metate that had been 
shaped by pecking and grinding.

Feature 15139
Feature 15139 was a Late Archaic to Pioneer period cache in the central portion of the site. Three complete 
ground stone artifacts were displaced from their original locations by mechanical stripping but appeared to 
have been stacked. They included a rhyolite flat metate with two faces, an andesite closed-basin metate, and 
a quartzite cobble mano. All had been completely shaped by pecking and grinding. 

PD 15158
PD 15158 was a Middle to Late Archaic period cache located near the center of the site. The cache consisted 
of two complete quartzite cobble manos that had been shaped by pecking and grinding.
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PDs 15251 and 15252
This pestle-and-metate set was an extramural ground stone cache in the southern portion of the site. Located 
less than 1 m from each other, they appeared to have been used together (see Figure 75d). The pestle was a 
Type IX quartzite pestle. The metate was a schist closed-basin metate. Both artifacts had been completely 
shaped by pecking and grinding. The artifacts dated to the Middle Archaic to Protohistoric period.

Feature 15317
Feature 15317 was a Chiricahua phase thermal feature on the western side of the site. Three complete pieces 
of ground stone were recovered from this thermal pit, among other artifacts. The ground stone included a 
basalt closed-basin metate, a dacite flat/concave metate, and a schist cobble mano. The pit also contained a 
basalt Lukeolith fragment, 24 pieces of debitage, and 2 burned bone fragments from medium-sized mam-
mals. Pollen samples were collected from under the metates, both of which were upside-down near the base 
of the pit. Pollens in the metate samples included cheno-am, sunflower, grass, globemallow, spiderling, 
and small pine. Control pollen samples taken from within the pit were identified as palo verde, mesquite, 
cheno-am, sunflower, grass, Indianwheat, pea, evening primrose, and large pine. A burned Trianthema sp. 
seed was also recovered from the fill. 

Feature 16663
Feature 16663 was a Chiricahua phase nonthermal pit in the northern portion of the site. The feature contained 
six complete ground stone tools, among other lithic artifacts. The ground stone included a metaquartzite 
cobble mano, three complete granite cobble manos, one basalt cobble mano, and one gneiss cobble mano. 
The pit also contained a basalt hammerstone fragment, a basalt metate fragment, and eight pieces of FAR.

PD 18185
PD 18185 was a Chiricahua phase ground stone cache on the western edge of the site. The cache consisted 
of two complete Lukeoliths, one basalt and one granite. The basalt Lukeolith had flaking along the margins 
and had been shaped by pecking and grinding. The granite Lukeolith had been shaped by pecking. 

PD 18341
PD 18341 was a Middle to Late Archaic period cache located in the southeastern portion of the site. The 
cache consisted of one dacite Lukeolith and one basalt hammerstone. The Lukeolith had been heavily pecked 
on the planar surface and showed evidence of end modification.

Site 423

Limited numbers of lithic artifacts were recovered from Site 423, a small cluster of features and artifacts 
utilized between the Early Archaic period and the Classic period (see Chapter 6, Volume 1). Site 423 was an 
extension of the small, dispersed occupations throughout much of Falcon Landing. Features at the site included 
three nonthermal pits and one FAR concentration. The flaked-stone-tool collection included 2 cores: 1 basalt 
multidirectional core and 1 rhyolite unidirectional core, both from the site surface. Fifty-six pieces of flaked 
stone debitage were also collected from the surface (Table 42). The FAR collection numbered 9 fragments. 

Site 437

Site 437 was another extension of the activities recorded at Falcon Landing. Features at the site consisted of 
17 nonthermal pits and 1 FAR concentration (see Chapter 7, Volume 1). The lithic-artifact sample included 
two pieces of FAR, two flakes, and one multidirectional core from features and five pieces of FAR, five 
flakes, and two unidirectional cores from nonfeature contexts. The two cores were both made on basalt. No 
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stone artifacts were associated with the Sulphur Spring phase feature at Site 437 (Feature 10307). The at-
tributes and variables recorded for the site collection are presented in Table 43.

Site 68

Site 68 also indicated a continuation of the Middle Archaic to possible Protohistoric period foraging activi-
ties adjacent to Falcon Landing (see Chapter 5, Volume 1). SRI investigated 33 nonthermal pits, 1 Middle to 
Late Archaic period structure (Feature 88), 1 Snaketown phase structure (Feature 13), 1 cache (Feature 82), 
and 1 human burial (Feature 106). No lithic artifacts were associated with the structures. The cache included 
one mano, five pieces of indeterminate ground stone, and one flake. Artifacts not associated with features 
included three pieces of debitage, two informal cores, two basin metates, two cobble manos, and a piece of 
indeterminate ground stone (see Appendix 3.2).

At maximum, five projectile points were located in the immediate vicinity of the disturbed burial (Fea-
ture 106) (see Chapter 5, Volume 1). The projectile points included multiple types, and the collection likely 
included the contents of mixed deposits. It was difficult to determine the precise number of specimens rep-
resented. The fragments included one Elko Corner-notched point base, one obsidian side-notched San Pedro 

Table 43. Summary Information on Flaked Stone Debitage Collected from Site 437

Characteristics
Material Type

Total
Basalt 2 Rhyolite Rhyolite 6

Portion

Complete 1 — — 1

Indeterminate 2 2 2 6

Total number of specimens 3 2 2 7

Size Class (mm)a

40–49 1 — — 1

Not recorded 2 2 2 6

Total 3 2 2 7

Flake Type

Core flake 1 — — 1

Shatter 2 2 2 6

Total 3 2 2 7

Cortex

Noncortical — 1 — 1

Not applicable 3 1 2 6

Total 3 2 2 7

Platform Type

Absent 2 1 — 3

Cortical 1 — — 1

Not applicable — 1 2 3

Total 3 2 2 7

Recovery Context

Nonthermal pit (Cochiseb) — — 2 2

CBS (not dated) 3 2 — 5

Total 3 2 2 7

Key: CBS = culture-bearing sediment.
a Complete flakes only.
b Cochise indicates a context directly or indirectly dated to more than one phase of the Cochise chronology or more 
than one Archaic period.
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point in four pieces, the midsection and base of an indeterminate lanceolate point, a portion of a possible 
synoptic-series-point base, an indeterminate dart-point tip, and an indeterminate, small basal fragment (Ta-
ble 44). These items were described by John Hall, who examined the artifacts at LAFB. The side-notched  
San Pedro example was the only projectile point in the Luke Solar Project collection that was made from 
obsidian. Other tools possibly associated with Feature 106 were a complete basalt side scraper and an in-
complete cobble mano. A field analysis of the debitage associated with Feature 106 is presented in Table 45 
and shows the collection to have been dominated by basalt microflakes and shatter debris; there was also a 
small sample of chert but no obsidian.

Discussion

The amount of information provided by the lithic collection is substantial on multiple levels. This is true 
despite the fact that some portions of the collection are numerically insignificant, and still fewer are pre-
cisely dated. One of the major goals of the project was to measure cultural and adaptive change through 
time. Special attention was afforded to the middle of the Chiricahua phase, around 2100 b.c., as marking 
the early widespread availability of maize. Unfortunately, the stone tools from Falcon Landing did not lend 
themselves to time-resolved, quantitative analysis, because only a small number of artifacts were found at 
the site, and too few of them were precisely dated. Additionally, compelling evidence for the use of maize 
was not found at the site (see Chapter 6).

The research questions asked of the stone tools were demanding of them, but whatever the collection 
lacked in size or chronological resolution, it made up for in eloquence. It was not a bewildering assortment 
of different times and technologies. Rather, the redeeming value of the site collection is its low diversity—an 
attribute that ultimately speaks to the long-term, behaviorally redundant, and highly focused activities there, 
independent of changes in occupational intensity and other social dynamics. This section discusses the Luke 
Solar project collection, especially from Falcon Landing, in the context of the project research questions 
posed in Chapter 2, Volume 1 and outlined in this chapter.

Chronology

Chronology was identified as the project’s primary research theme. The stone-tool collection is of little 
chronological value, because the number of temporally sensitive artifacts collected from Falcon Landing 
was fewer than the number of radiocarbon-dated features there, and features bearing temporally sensitive 
artifacts were selectively radiocarbon dated (see Chapter 2). However, two aspects of the lithic collection 
do warrant mention in regard to the site’s occupational and cultural chronology. First among them is the fact 
that the frequencies of artifacts dated to between the Chiricahua phase and the pre-Classic period did not 
concord with the frequency distribution of radiocarbon-dated features. The radiocarbon sample indicated 
continued episodes of intense use after the Chiricahua phase (see Chapters 2 and 10), but those occupations 
appear to have been underrepresented in the stone-tool sample.

Figure 76 shows the frequencies of features, all flaked stone artifacts, and all ground stone artifacts at 
Falcon Landing, in each age group between the Chiricahua phase and the pre-Classic period, scaled to the 
amount of time represented by each age group. For example, for the Chiricahua phase, between approximately 
3300 and 1200 b.c., the frequency of features was roughly 0.4 per year, as it happened to be for flaked stone 
and ground stone artifacts. The graph represents a first look at the occupational intensity and major lithic 
industries at the site through time, tabulated from the perspective of the lithic artifacts. 

As highlighted in the debitage analysis, the flaked stone collection from the site was mainly derived 
from features, whereas the ground stone sample was collected mostly independent of features; so, all things 
being equal, flaked stone artifacts and features should have co-varied in numbers, but ground stone arti-
facts should not have. Figure 76 shows that the opposite was the case. The frequencies of both features and 
ground stone artifacts decreased to less than 0.07 per year during the San Pedro phase, but flaked stone 
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values increased to greater than 1 artifact per year. These data might be used to argue that the site witnessed 
“intense” occupation by hunters and plant gatherers during the Chiricahua phase but was only sporadically 
occupied by hunters thereafter. That interpretation would find support (Bayham 1982; Szuter and Bayham 
1989) and may be correct, but the strength of the evidence in favor of it presented in Figure 76 is possibly 
spurious. The flaked stone sample per feature was skewed by a small number of rich features (and the num-
bers of flakes sampled from nonfeature test pits), and the Chiricahua phase ground stone artifacts from the 
Unit I/II boundary were more readily dated using stratigraphic correlation than were those from shallower, 
thinner, discontinuous units (see Chapter 2). Many of the undated or loosely dated features and artifacts 
were probably post–Chiricahua phase, and the true relationship of time, features, and technology is probably 
somewhere between the extremes portrayed in Figure 76. The topics of occupational intensity and duration 
are discussed in more detail in the following sections.

One of the questions asked about the Middle and Late Archaic periods is whether there was continu-
ity between them. Mabry (2005a:62) pointed out that with the possible exception of Ventana Cave and Bat 
Cave, San Pedro points do not directly overlie Chiricahua phase occupations. A second contribution of the 
Luke Solar project on the topic of chronology is in the direct radiocarbon dates on type-quality projectile 
points. A date on a Chiricahua phase point (see Figure 48i) from a nonthermal pit (Feature 1334) extended 
the style to as late as 1440–1310 b.c. The San Pedro phase, as marked by a side-notched point (see Fig-
ure 48k) in a nonthermal pit (Feature 14755), began by 1260–1050 b.c. The latest San Pedro point, found 
in a structure (Feature 17908), was no younger than about a.d. 330. These dates provide important new 
chronological reference points for the respective types, and they close the gap between Chiricahua points 
and the beginning of the San Pedro phase at 1200 b.c. to a matter of generations (between about 100 and 
200 calendar years).

Figure 76. Relative frequency of features and flaked stone and ground stone 
artifacts in the Falcon Landing collection, by time period.
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Site Function

Descriptions of site function rely on a typology to indicate the major activities, duration, and social organiza-
tion of a site. Mabry (1998a:111) outlined a dozen site types that capture the expected range of site activities 
between the Paleoindian and Late Archaic/Early Agricultural periods. At the short-term end of the scale are 
lithic-quarry sites, kill/butchering sites, and plant-gathering/-processing sites. Habitation-site types orga-
nized according to occupational duration and the diversity of activities performed there include single-use 
sites, short-term base camps, seasonal settlements, multiseasonal settlements, and permanent settlements. 
Within this construct, the prehistoric sites investigated during the Luke Solar project certainly included 
“plant-gathering/–processing sites.” However, the presence of ephemeral structures and possible storage pits 
at Falcon Landing indicate habitation, as well. Falcon Landing corrupts the typology, because the chronol-
ogy and archaeology show that it was more than a single-use campsite but was possibly not a base camp or 
a short-term “settlement.” The “function” of Falcon Landing can be explored from many directions, but this 
summary focuses on the major activities indicated by the stone tools and debris.

The Falcon Landing lithic collection showed three major activities: (1) plant processing, (2) the pro-
duction of small bifaces, and (3) cooking and roasting. If FAR were considered a “tool,” then cooking and 
roasting would appear to be much more important than biface manufacture (cooking technologies at Fal-
con Landing are discussed by Vanderpot in Chapter 9). Evidence that plant collecting and processing were 
the primary reasons for the site’s location, and therefore its primary functions, was provided by the ground 
stone tools, which were emplaced and used at the location of a former plant community (see Chapters 6 
and 7). The ground and battered stone collection represented two basic modes of plant processing: pound-
ing and grinding. Pounding was represented by nearly 100 pestles or fragments as well as many additional 
Lukeoliths. The diversity of pounding tools, including irregular, round-bottomed, and flat-bottomed pestles 
of various sizes, indicates that multiple steps were involved in the food recipes prepared at the site. Flaked 
stone industries at the site were almost entirely dedicated to biface manufacture and tool retouch.

Major components of the food-pounding technology, wooden mortars, were presumed to be missing 
because of decay or transport. Knowledge about prehistoric wooden mortars is essentially nonexistent in 
the archaeological literature, although their popular use in history and prehistory is widely acknowledged 
(Adams 2002:140; Hayden 1976:284). The ethnographic record of wooden mortars is rich with details, how-
ever, that provide a foundation for discussing the function of Falcon Landing.

Wooden Mortars, Mesquite, and Labor

Mortars and pestles constitute a universal and ancient household technology, and in the U.S. Southwest, they 
have played an iconic role in ethnographic and ethnohistoric accounts of women’s activities. Stone mortars 
are extremely rare in the archaeological record. Heilen and Vanderpot (2013a:5.120) reported the occur-
rence of stone mortars at less than 1 percent of more than 1,300 sites across more than 200,000 acres on the 
Barry M. Goldwater Range (BMGR) East. O’odham ethnographies, however, have provided many references 
to wooden mortars and their primary function. Castetter and Bell (1942:198) documented that mesquite was 
ground in wooden mortars with wooden pestles, as were parched cotton seeds. Russell (1908:75) likewise 
noted that mesquite beans were prepared in a stone mortar with a stone pestle or, if a large quantity was re-
quired, in a wooden mortar.2 Rea (1997) documented that both mesquite and cottonwood were suitable ma-
terials for wooden mortars and were required for mesquite-pod grinding, to avoid breaking the undesired 
hard seeds. Pfefferkorn (1949:72), a contact-period Jesuit, reported that roasted mesquite was ground using 
stone-stone systems, whereas unroasted pods were ground using wood-stone systems.

Spier (1978:79) noted that wooden mortars were present among the Yuman tribes of the Gila River but 
were utilized far less than stone metates for processing mesquite pods. Mesquite trunks were preferred for 

2 Russell does not specify “mortar”; we assume he was not describing a large wooden pestle.
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their hardness, but cottonwood was considered suitable (Spier 1978:128). Both were manufactured by burn-
ing a cavity in a log, usually in the end. The large wooden mortars maintained at settlements were up to 
16 inches in diameter by 20 inches in length, with roughly 6 inches sunk into the ground for stabilization. 
The working cavity was approximately 9 inches wide by 4.5 inches deep, and accompanying pestles were 
10–16 inches in length (Spier 1978:128). Field processing at mesquite-collection sites utilized no more than 
a hole excavated into the soil and fortified with the sticky hulls of the processed mesquite (Spier 1978:128). 
A transportable mortar made of arrowweed fastened in a conical form and utilized in an excavated pit was 
also manufactured for use at collection sites (Spier 1978:129). Similar uses of wooden mortars for mesquite 
have been described for lower Colorado River Yuman groups (see Hodgson 2001).

Wooden mortars were also utilized by the Northern Paiute to process both mesquite and the stalks of 
Phragmites, a type of reed (Kroeber 1953:592). The Cahuilla used a system very similar to that described by 
Spier along the Gila. A deep wooden mortar was sunk into the ground to process mesquite and “other foods” 
(Kroeber 1953:697; see also Barrows 1900). This system required a slender stone pestle up to 2 feet in length. 
The Mohave also utilized wooden pestles with both stone and wooden mortars to process mesquite (Kroe-
ber 1953:736–737; Stewart 1965), as did the Southern Paiute (Fowler 1995). Schneider (1996:303) showed 
a Mohave family equipped with a deep cottonwood mortar and a stone pestle. Mesquite harvests were so 
valuable to the Mohave that individual trees were considered private property; in other cases, yields were 
often claimed in advance of maturity with a marker hung in the tree (Kroeber 1953:737). References for 
wooden mortars and mesquite use can be found as far south as the Sonoran Central Coast, among the Com-
caac (Felger and Moser 1971, 1985). To the east, Prewitt (1981) documented a Late Archaic period wooden 
mortar from the Trans-Pecos region. 

The range of plants processed at Falcon Landing is unknown. The metates were likely used to process 
small seeds from a relatively narrow range of local edible plants, compared to the ranges in the adjacent 
floodplains and the upper bajada (Chapters 6 and 7). The principal activity was mesquite processing, which 
was underway at the site by the early Chiricahua phase. “Gyratory crushers,” assumed to have functioned as 
part of an ancient and specialized mesquite-processing system (Hayden 1969), were not located at Falcon 
Landing. The mesquite-processing activities at Falcon Landing were summer labor; so, heavy work may 
have been scheduled to avoid the heat of the afternoon.

Mortars and pestles happen to be famously poor examples of gender-coding artifacts, because in prehis-
toric coastal California, they have been found with both male and female burials (Buonasera 2012:132; Hole 
and Heizer 1973:397); however, the ethnographic link between women, mesquite, and mortars is strong in 
the U.S. Southwest. Roth (2006:518) reviewed ethnographic descriptions of a strong division of labor ac-
cording to sex and age in which Tohono O’odham women were committed to harvesting maize before gath-
ering and processing large quantities of late-summer mesquite for storage. The increases in food process-
ing that characterize the Middle Archaic period signal a change in labor investment toward female-oriented 
subsistence contributions. Ground stone technologies were among the earliest artifacts to show up at mul-
ticomponent sites that supported foraging populations for thousands of years thereafter, and they played an 
important role in the creation of places by mapping tools onto resources (Basso 1996). Russell (1908:110) 
noted the Historical period O’odham practice of retrieving stone pestles from archaeological sites for reuse. 
Gatherers and hunters alike have emplaced knowledge on the landscape in the form of traditional technolo-
gies (Zedeño et al. 2014). The ethnographically documented practice of Native Americans’ “scavenging” 
of ground stone tools from archaeological and historical sites is testimony to multigenerational connections 
linking specific tools to specific places. 

The antiquity and distribution of the mortar-and-pestle use in the U.S. Southwest are important because 
it is considered diagnostic of the Middle Archaic period (Sayles 1983:114). Spier (1978:179) noted that the 
Yuman terms for mano and pestle were derived from the term for mortar, perhaps suggesting that it was 
the progenitor form of all seed-grinding technologies. Glassow (1996:20) commented that the basin-metate 
shape of Chiricahua phase mortars and the use of manos as pestles reflect the creation of an in situ tech-
nological development; however, mortars and pestles were probably situational rather than developmental. 
The distribution of pestles at Middle and Late Archaic/Early Agricultural period sites shows a strong east–
west gradient. Ventana Cave contained a total of 114 pestles (Haury 1950:321), and the late Cienega phase 
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component at Los Pozos included 24 pestles (Adams 2005:Table 4.3), but pestles have been “conspicuously 
absent” from Archaic period sites in the Chihuahuan Desert of southeastern Arizona (Whalen 1971:191).

Site function is intimately connected not only to the activities performed at a site but also to the site’s 
place in a web of seasonal resources exploited by foragers. Because the mobility of individuals varied ac-
cording to age and sex (Kelly 1992), male and female technologies at the site offer a chance to examine 
variation in forager tools that is related to differences in individual mobility.

Land Use

Because well-documented Middle Archaic period sites are extremely rare, land-use studies have tradition-
ally relied on a small number of anecdotal sites to verify or refute generic models of seasonal transhumance 
between upland and riverine environments. The Late Archaic period has been represented by more sites but 
is not drastically better understood away from the floodplains. Falcon Landing informed on the socioeco-
nomic structure and settlement patterns of foragers extending back to the Middle Archaic period, but the 
“landscape” perspective provided by any one site is tenuous, and the amount of information gleaned from 
site typologies is often trivial at the level of individual sites. 

One way to get at the prehistoric landscape from the perspective of Falcon Landing is to ask a series of 
questions about the movement of people to and from the site. The questions of where people arrived from, 
where they were going to, how far they went, and if and when they planned to return to Falcon Landing lead 
to several important pieces of information about how hunter-gatherers organized themselves around the en-
vironment. For example, the stone tools at Falcon Landing had a strongly local quality. The river cobbles 
suggested that people were intimately connected to the Agua Fria River. There is no evidence that upper-
bajada succulents or game was routinely brought to the site (see Chapters 4, 6, and 7). The biface technol-
ogy informed on where some people were planning to go next. Hunting preparations indicated movement 
into the upper piedmonts and mountains, where hunting opportunities could be anticipated (Roth and Free-
man 2008). Whether or not we can predict where people went from Falcon Landing and whether or not we 
can reconstruct the information at hand in terms of the settlement organization and mobility of prehistoric 
groups who visited Falcon Landing are issues discussed within a framework of technological organization 
and provisioning strategies.

Male and Female Curation Strategies

Curated tools are modeled after long-distance excursions by men and are defined as tools that were trans-
ported and maintained in anticipation of use (Binford 1977, 1980). Several attributes contributed to a curated 
tool’s usefulness, but primary among them were transportability and maintainability (Bleed 1986; M. Nelson 
1991). Expedient tools were made, used, and abandoned in their places of use and are modeled after settle-
ments. They had no physical requirements other than to be useful at a place and time. The risk or energy 
trade-offs between curated and expedient tools correlated to resource structure and mobility (Binford 1977) 
and raw-material availability (Bamforth 1986), but they also obviously correlated to use, which occurred 
during the performance of a task, which required labor. Sassaman (1998) suggested that the sexual division 
of labor distinguishes curated and expedient core technologies. In that context, expedient tools were not “un-
planned,” but they demanded more guarantees than curated tools, such as the availability of suitable materi-
als or the time and labor needed to obtain raw materials, if none were available. Expedient tools therefore 
favored well-provisioned places. In well-provisioned environments, expedient tools would have accumulated 
in proportion to activities and would quickly have overshadowed the labor dedicated to curated tools (Kuhn 
1995; Parry and Kelly 1987; Surovell 2009). 

Falcon Landing showed a range of more- and less-curated tools that reflect the mobility of group mem-
bers, raw-material availability, and future place needs. Disk/biface cores (see Figure 47b) represent the apex 
of “mobile” tools (Kelly 1988), and they were found in relatively small numbers at the site. In the middle 
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of the spectrum were cobble unifaces (see Figure 40b), elongated cobbles that were reduced in a systematic 
manner to create wide flakes. Another set of cores was made up of informal unidirectional and multidirec-
tional cores. Basalt and rhyolites probably obtained a minimum of 7 km away from the site overwhelm-
ingly dominated the core sample. Cobbles and finished tools alike were transported to Falcon Landing. The 
question of which forager carried a core and which forager carried a tool was posed by Kuhn (1994), who 
argued that if efficiency was the goal, then it would always have made better sense to carry a small, finished 
tool or a blank rather than a core, because the core always included waste. This is a useful statement for 
evaluating the rocks transported to Falcon Landing, but not without first clarifying that provisioning strate-
gies represent a range of options rather than mutually exclusive choices (Kuhn 1995:26). That is, the people 
who arrived with disk/biface cores and finished points were the same people who transported bulky cobbles 
to the site and the same people who winnowed down a set of mobile disk/biface cores, finished points, and 
tool blanks at the site before they departed. The procurement strategies of hunter-gatherers can be expected 
to have followed some general principles (Bamforth 2006; Binford 1979) that can be used to model how 
raw materials arrived at Falcon Landing.

Lithic-procurement strategies occurred along a continuum between lower-cost embedded strategies and 
higher-cost direct procurement. Embedded procurement minimized energy investments by incorporating mul-
tiple resources into one effort. Direct procurement strategies incurred an independent cost (Bamforth 2006). 
The cores at Falcon Landing may reflect the acquisition of river cobbles en route to the site (embedded) or 
a logistical back-and-forth (direct) movement between Falcon Landing and the river. Surovell (2009:131) 
showed that when resources are close to a site, direct procurement is most expensive, and embedded pro-
curement is least expensive. It is possible that residential foragers or logistical task groups arrived at Falcon 
Landing short-handed and made back-and-forth logistical trips to the Agua Fria River, but it is more rea-
sonable to expect that people arrived at Falcon Landing with the raw materials and tools they needed. The 
distance to the Agua Fria River is inexpensive by forager standards, but rocks are heavy, and some of the 
ground stone tools were too large to have been casually picked up and transported. Whether the groups who 
frequented Falcon Landing were entire families or special-task groups, getting there was a logistical operation.

The flaked stone artifacts at Falcon Landing indicated that some of the cobbles were made into disk/
biface cores, some were systematically reduced to create wide flakes, and others were opportunistically re-
duced into informal cores. Importantly, Falcon Landing did not have an expedient-flake-tool collection suf-
ficient to account for the nearly 100 informal cores left at the site; rather, the collection was dominated by 
small biface-thinning flakes. This pattern was extended across the site collection: large flakes were under-
represented relative to the number of cores at the site. Three inferences can be drawn from this information. 
First, men did not enjoy appreciably greater mobility than women while at the site. Second, if women were 
responsible for creating the informal cores, then they generally did not use them in an expedient-flake-tool 
technology at the site. Third, foragers arrived at the site with tools, mobile cores, and potential cores but 
departed with refurbished tools, new tools, and mobile cores. 

Preceramic women’s technologies were organic based, and the expressive basketry and other tools that 
would have been responsive to environmental and social dynamics were missing from the site, including 
wooden mortars, the fate of which are unknown. However, the ground stone tools “curated” at the site showed 
a disregard for transport costs that might have been associated with quarry sites or permanent habitation sites 
(Beck et al. 2002). As pointed out by Buonasera (2012:33), however, the incredible utility of ground stone 
tools always made it worthwhile to invest in their procurement, manufacture, and design functions. Ground 
stone utility (surface area) scales differently than flaked stone utility (available edge), making ground stone 
tools inherently heavy. The curated tools of men were generally short-term investments compared to those 
of women, and the energy dedicated to emplacing ground stone equipment provided strong motivation for 
site reuse. Other objects that would have seen frequent use by women are the hammerstones used to peck 
the various tools identified in the analysis. The flaked stone debitage was mostly biface-reduction debris 
that was probably created using wooden or antler billets. 
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Provisioning Strategies and Mobility

The tools at Falcon Landing represent a solution to the incongruence between resources and tools. The 
bulky cores and grinding tools left behind at Falcon Landing and the lightweight tools manufactured and 
transported away from the site signal the economic distinction between the provisioning of places and the 
provisioning of individuals (Kuhn 1995). The provisioning of places is expected for logistically organized 
groups, whereas the provisioning of individuals is expected for situations of increased residential mobility. 
The beginnings of the occupations at Falcon Landing were logistical operations dedicated to provisioning 
the place. Downtime at the site was focused on provisioning the individual. Unexpectedly, the well-provi-
sioned Falcon Landing site did not produce a recognizable flake technology (see Parry and Kelly 1987), as 
evidenced by retouch or macroscopic use-wear. Routine daily tasks should have generated more informal 
edge tools than we found in the collection. A major distinction between Falcon Landing and the Chiricahua 
and Chiricahua–Amargosa II type sites is the enormous number and variety of formal and informal scrap-
ers and informal edge tools at the latter sites (Haury 1950; Sayles and Antevs 1941). One of the qualities 
expected of provisioned places is time for expedient tools to accumulate, however, and the work tempo and 
duration of stays at Falcon Landing may have cut short the demand for expedient tools. 

The expectations Kuhn (1995) outlined for provisioned places included the procurement of local raw 
materials; informal, large cores; expedient core and tool use; and the discard of tools before they became 
unserviceable. Setting aside the lack of expedient tools, Falcon Landing lived up to all of those expectations 
but the last one. The extreme amount of resharpening observed on a few of the Chiricahua phase projectile 
points (see Figure 48e–h) would be interesting if they were isolated occurrences, but the phenomenon has 
been well documented (Bayham et al. 1986:429; Dick 1965:30; Lorentzen 1998:146; Sayles 1983:75). There 
was no evidence that the projectile points were used at the site, and it is reasonable to assume that they ar-
rived at the site in that condition. None of the San Pedro projectile points had been extensively resharpened. 

What did Chiricahua phase groups do differently from San Pedro groups? Conventional archaeological 
theory says that their projectile points were heavily curated, and therefore, they must have been foragers, 
whereas the later San Pedro phase groups were collectors who were quicker to discard projectile points that 
showed wear and tear (Kuhn 1989:42). The Chiricahua and San Pedro phase assemblages were difficult to 
compare beyond the projectile points, but core-decortication and biface-production percentages were both 
highest in the San Pedro phase sample (see Figure 43). Regardless, Chiricahua and San Pedro phase groups 
had comparable raw-material diversities (see Figure 45), and they appear to have performed the same tasks 
at Falcon Landing. 

Site Furniture and Caches

Falcon Landing contained large numbers of complete ground stone artifacts and large ground stone blanks 
as well as 183 cores. Binford (1978) distinguished “site furniture” as site-specific facilities characterized 
by long use lives. Site furniture was emplaced to be a component of a site and may have been communal 
(e.g., a hearth) or intended for a single user (e.g., a metate) (Torrence 1989). Site furniture differed from 
caches in that it was intended for immediate use at its location, whereas caches were stored away, often far 
away, for future use. And site furniture is made up of visible, isolated facilities, whereas caches are found 
in concealed, tight clusters. Surovell (2009:117) argued that stockpiling is not expected in situations of high 
mobility and brief site occupation, but it became affordable as occupation span increased. Though not nec-
essarily “stockpiles,” the tools at Falcon Landing occasionally were found in small piles, and they showed 
that site-provisioning efforts were more intense than is typically expected of mobile groups. In total, 442 in-
dividual and complete ground stone tools were found during mechanical stripping. The number of ground 
stone tools found in extramural spaces was dramatically higher for the Chiricahua phase deposits, but cach-
ing persisted until the Classic/Protohistoric period. The Cienega and Red Mountain phase deposits also con-
tained moderate amounts of extramural ground stone. 
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Caches and other concentrations of resources play an important role in the interpretation of land-use 
and provisioning strategies but also reveal concepts of property and ritual. An impressive ritual display was 
uncovered in a Late Archaic period structure at Los Pozos in the Tucson Basin (Gregory 2001). The fea-
ture was described by Gregory (2001:Appendix B) as a floor assemblage array that included 13 projectile 
points, 2 large pieces of basalt, a fossil horse tooth, a mammoth vertebra, 2 polished pebbles, 6 stone balls, 
a marekanite, a hematite concretion, 3 flakes, and 3 geode fragments. Gregory compared the arrangement 
to Archaic period–style rock-art motifs, suggesting that it embodied a symbolic representation of Archaic 
period ritual practices. Possible ritual material culture at the Luke Solar project sites was limited to a bro-
ken conical stone pipe from a San Pedro phase nonthermal feature at Falcon Landing (Feature 4370). Also, 
a death assemblage probably associated with an Elko Corner-notched point and a San Pedro side-notched 
point (Feature 106) was recovered from Site 68.

Several Late Archaic period utilitarian caches were identified at the Fairchild site, located along White-
water Draw in southeastern Arizona (Windmiller 1973). The Fairchild site caches included 8 pit features 
containing manos associated with various other tools, including metates, a pestle, an abrader, and 2 scrap-
ers. Four Late Archaic period caches were identified at Las Capas, located in the Tucson Basin (Whittlesey 
et al. 2010), and consisted of bell-shaped pits containing overturned, upright, or broken metates. One of the 
metates covered a concentration of Chenopodium seeds at the base of the pit. Another cache contained a 
metate covered with pigment that overlay a polished-clay spinning weight (Lascaux et al. 2010:153). Halbirt 
and Henderson (1993) found several caches at Coffee Camp, a Late Archaic period site located along the 
lower Santa Cruz River flats. The 29 caches identified at Coffee Camp contained 90 artifacts, primarily ma-
nos, metates, pestles, grinding slabs, and hammerstones. Other cached items included 5 cores, a stone ball, 
a San Pedro projectile point, and an antler fragment. Halbirt et al. (1993:94) interpreted the Coffee Camp 
caches as “insurance gear,” places where Late Archaic period groups intentionally stored useful ground stone 
tools for intended reuse.

Large flaked stone caches containing bifaces or cores represent the provisioning of a place, but they are 
temporary, and the places are unpredictable. Large Archaic period flaked stone caches have not been reported 
in the U.S. Southwest. Falcon Landing contained only two small caches. Feature 3817, not dated, contained 
a large (>170-mm) multidirectional core and a large (>100-mm) cobble uniface, both made of rhyolite, and 
a hammerstone. Another cache (Feature 14920) represented a late Cienega to Red Mountain phase collec-
tion of large (50–90-mm) chalcedony core flakes. The large chalcedony flakes had cortex that appeared to 
be from a primary geologic source that was likely not the Agua Fria River drainage, unlike most of the stone 
artifacts recovered from Falcon Landing. It may have been a source favored by Chiricahua-point-using groups, 
based on two extensively resharpened points. The flaked stone pieces from Features 3817 and 14920 were 
big, and they had not been struck with the intent of making bifaces from them. 

Property ownership was actively suppressed in many small-scale hunter-gatherer societies (Lee 1979; 
Woodburn 1982). Small, mixed assemblages containing ground stone tools and occasional flaked stone tools 
appear to have been common during the Late Archaic period. Large riverine habitations and foraging sites 
alike are known for having intramural and extramural caches. Whether caching happened everywhere on 
the landscape is an interesting question in the context of arid lands, common-pool resource use, and terri-
toriality (Bayman 2007). The cache inventory in Table 41 shows that many of the ground stone tools found 
at Falcon Landing occurred as small tool combinations, including some unpaired tools, but the caching of 
large, complete tools was not a common practice. This is important, because the point of hiding a large rock 
in the middle of the desert was not to protect the rock, necessarily, but to deny passers-by the technology 
to harvest a resource. 

It is not known whether competition for staple resources, such as mesquite, was fierce during the Middle 
Archaic period or any time thereafter at the site, but ground stone tools were personal objects by Middle Ar-
chaic period times and were occasionally concealed in pits and structures (see Chapter 4, Volume 1). This 
was a rare practice at Falcon Landing, but houses were also rare at the site. More often, large, complete 
tools were left in the open. Figure 76 shows the complete ground stone artifacts of all ages that were found 
in clusters and lines and as isolates in open space—patterns that certainly reflect the long-term locations of 
trees, washes, and the emplaced facilities, themselves. The distributions of pestles, metates, and manos did 
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not suggest that the tools had been used in separate pursuits. The number of Middle Archaic period ground 
stone artifacts emplaced at the site is impressive, but site furniture does not necessarily correlate to occu-
pational intensity (Torrence 1989).

Occupational Intensity and Duration

Based on ethnographic accounts of mesquite-collecting forays by Maricopa, Mohave, Yuma, and Cocopa 
groups in western Arizona, site occupations may have been limited to a matter of days. Roth (2006:519) 
summarized that women would occasionally camp for several days at mesquite-gathering locales. Men 
would sometimes accompany them, as protection, and would hunt rabbits. Importantly, the mesquite beans 
were taken to the village in large nets, were processed by women using mortars and pestles, and were then 
stored. Mesquite pods were evidently processed at Falcon Landing and would have required longer site oc-
cupations, but archaeological correlates for occupational duration indicated brief stays.

One of the things that make Falcon Landing interesting is the “discard” of ground stone tools as rocks for 
hearths and roasting pits. More than 80 percent of features containing FAR included recycled ground stone 
tools, mostly metates and manos (see Table 39). This indicates that the level of rock consumption was high. 
The utility of complete metates was curiously similar through time (see Table 26) and showed that com-
plete basin metates had about 70 percent of their maximum utility (thickness). Even moderately exhausted 
tools were absent from the collection. FAR was recovered from thin middens at Falcon Landing, but it was 
densest in structures and thermal pits (see Figure 70). Schlanger (1991) predicted that short-term, seasonal 
occupations would contain relatively large floor assemblages in relation to the limited number of tools ac-
cumulated in trash fills, whereas more-sedentary occupations would accumulate more debris, which eventu-
ally ended up in trash-filled pits. In other words, when occupations, structures, or work areas lasted longer 
than tools, discarded tools began to accumulate in fill, trash, and other settings and gradually outnumbered 
floor assemblages (Schlanger 1991:467). 

At Falcon Landing, the houses contained more FAR than the middens or other pits, and the floor as-
semblages were located outside, as site furniture and small caches. The radiocarbon and geochronology in-
dicated long-term occupation (see Chapter 2), but the lithic-accumulation rate was extremely low. The most 
“intense” accumulation occurred during the San Pedro phase, when nearly one artifact accumulated per year 
(see Figure 76). However, Falcon Landing occupations did not generate significant occupational debris, for 
the reasons discussed above. Site furniture lasts a long time, usable flakes were curated, and the remaining 
lithic debris included microflakes and small biface-thinning flakes, many of which were probably located 
in extramural space and were undersampled. Potentially, large numbers of people were accommodated at 
the site, assuming that occupations were highly focused and brief.

The topic of artifact repurposing and FAR is of special interest, because it relates to wood. The use of 
rock in cooking features is universal and can serve several functions, but it maximizes the energy of the fuel. 
One of the technologies missing from the Falcon Landing collection was woodworking tools, such as axes 
or planes, although a single broken plane was eventually identified. Even the many large cobble unifaces 
lacked evidence of having been used as chopping tools. That is peculiar, in light of the demand for fuel at 
the site, and it possibly indicates that ample deadwood was available or that, like rocks, wood was trans-
ported to the site. Traditional management practices may have also discouraged the felling of mesquite trees 
at the site (Anderson and Moratto 1996). Consequently, it can also be posited that wooden mortars were not 
manufactured at Falcon Landing and required transport.

Mobility and Interaction

It is not difficult to defend the assertion that human populations expanded drastically during the late Middle 
Archaic period, because it followed a hiatus (Haury 1950; Sayles 1983; Waters 1986), and sites appeared 
everywhere on the landscape (Roth and Freeman 2008; Whalen 1971). One explanation that accounts for the 
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distribution of Late Archaic/Early Agricultural period sites is the presence of logistically organized farmers 
in the river valleys and displaced hunter-gatherers in the surrounding piedmonts and mountains (see Premo 
and Mabry 2003). Falcon Landing indicated a flexible but expensive technological solution whereby hunter-
gatherers provisioned a plant-processing site with large cobbles. Site provisioning is linked to expedient tool 
use, but at Falcon Landing, “expedient” cores were used to fashion portable men’s and women’s tools or 
tool blanks. Although it is difficult to reconstruct what people carried with them when they departed from 
Falcon Landing, it is possible that groups arrived at the site outfitted as low-mobility residential foragers but 
departed with the equipment expected of highly mobile collectors. 

It is possible that Falcon Landing functioned as a springboard for long-distance forays into the moun-
tains. The site was probably not used as a daily foraging site by groups occupying the valley, because suit-
able amounts of mesquite could have been procured closer to home at less cost. The specialized, low-diver-
sity tools at Falcon Landing were also not what one would expect from residential foragers who generally 
pursued a wide range of subsistence options using informal tools. Whether they spent more time organized 
as collectors or foragers, women were among them and processed the food procured from the site, possibly 
to support seasonal movements out of the valley and into winter base camps. 

Jones (1996) predicted that the marriage of Middle Archaic period females would have played an im-
portant part in offsetting local shortfalls in productivity if Middle Archaic period groups were circumscribed 
within defended territories. No evidence for territoriality among Middle and Late Archaic period groups 
has been found in the U.S. Southwest. Rather, Falcon Landing indicated the same Middle and Late Archaic 
period social landscapes as the Cochise-culture “core” in southeastern Arizona, including the extension of 
Cortaro-point-using groups into the Phoenix basin (Huckell 1996:328). The emphasis placed on local vol-
canic materials did not indicate frequent long-distance mobility, and that was supported by the amount, pro-
venience, and provenance of the obsidian left at the site.

The Luke Solar project collection attested to the use of three obsidian sources, although one of them is 
unidentified and was represented by only a single flake. The San Pedro side-notched projectile point attrib-
uted to a disturbed cremation burial (Feature 106) at Site 68 was not subjected to EDXRF analysis. Among 
the other artifacts, the most common source (represented by 17 specimens) was Government Mountain, lo-
cated in the Kaibab National Forest on the Coconino Plateau, approximately 200 km northeast of LAFB. 
The Government Mountain rhyolite domes contain large nodules (up to 30 cm in diameter) suitable for the 
manufacture of any flaked stone tool; Government Mountain is one of the best-known obsidian sources in 
the U.S. Southwest (Shackley 2005:32). Vulture obsidian was represented by only 9 specimens. The Vulture 
source, located approximately 45 km west of the Luke Solar project area, is also characterized by relatively 
large nodules (up to 10 cm in diameter). These may be found at least 20 km south and east of the source, 
in the Hassayampa Plain and possibly the Gila River valley (Shackley 2005:40). Of the Middle and Late 
Archaic period sites summarized by Shackley (2005:Table 6.3), only the New River site contained obsidian 
from both the Government Mountain and Vulture sources.

Obsidian-provenance studies provide a valuable opportunity to reconstruct Middle and Late Archaic 
period land use in the Sonoran Desert. In contrast to later times, when Classic period Hohokam groups 
capitalized on the use of volcanic glass for the production of projectile points, Archaic period obsidian use 
appears to have been highly opportunistic. Mitchell and Shackley (1995) described this using a distance-
decay model of obsidian procurement and use that showed obsidian rapidly decreasing in abundance with 
increased distance from the respective source. However, Late Archaic/Early Agricultural period groups in 
the vicinity of the Superior obsidian source appeared to have avoided the use of obsidian, despite its close 
proximity (Ballenger and Hall 2011). One reason offered for why obsidian was not highly prized during the 
Archaic period is that Tertiary period marekanites typical of the Sonoran Desert were generally too small 
for Archaic period projectile point production (Shackley 2005:117). The two known obsidian sources rep-
resented at Falcon Landing would have provided appropriately large nodules to make the projectile points 
in the site collection, however; so, that does not explain the low frequency of obsidian at the site. 

Shackley (2005:131) suspected that obsidian procurement was embedded in complex mobility strategies 
focused on social interaction and subsistence pursuits, especially the pursuit of mates and the fall acquisition 
of piñon, deer, elk, and pronghorn from nearby upland environments. If so, obsidian was highly curated at 
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Middle and Late Archaic period sites. The frequency of obsidian has constituted less than 1 percent of Ar-
chaic period flaked stone collections in the Sonoran Desert, and the Falcon Landing collection was equally 
dismal. Less than 0.005 percent of the flaked stone artifacts in the Luke Solar project collection were made 
from obsidian, and the mass of the entire sample was equal to a single typical marekanite.

The technological character of obsidian recovered from Falcon Landing revealed small-biface production 
and retouch, a theme that extended across multiple material types at the site. Based on the source provenance 
of two small-biface fragments, that was true of both Government Mountain and Vulture materials. Impor-
tantly, the majority of the obsidian sample (88 percent) was microdebitage collected from a 50-by-40-m area 
in the southeastern corner of the site. This indicates that (1) the majority of the obsidian sample accumulated 
during a single occupation, (2) obsidian consumption was extremely rare, (3) obsidian tools were highly 
curated, and (4) the lithic footprint of the individual or group was relatively small. By extension, it cannot 
be argued that the site was occupied by groups whose seasonal rounds provided regular access to obsidian.

Roth (2000:311) assumed that obsidian materials were procured directly from their respective sources, but 
it is not possible to distinguish direct procurement from long-distance exchange with any certainty (Shack-
ley 2005:120). If Falcon Landing was used by foragers who regularly visited the Coconino Plateau, then 
we would expect that material to have been more ubiquitously distributed at the site. The rare and episodic 
occurrence of obsidian indicates exchange opportunities rather than direct acquisition. The co-occurrence 
of long-distance and semilocal obsidian in the same possible “tool kit” at Falcon Landing might also have 
taken place because someone who was uniquely fond of the material went out of his (or her) way to obtain 
it, both directly and indirectly.

The Late Archaic/Early Agricultural period is characterized by increased sedentism as agricultural villages 
flourished in the floodplains of southeastern Arizona (Huckell 1995; Mabry 1998a). The obsidian evidence 
of shrinking procurement ranges during the Middle Archaic to Early Agricultural period, as summarized by 
Roth (2000), includes 48 pieces of obsidian collected from nine sites in southeastern Arizona. Middle Archaic 
period sites contained evidence of 8 different obsidian sources, and Late Archaic/Early Agricultural period 
sites contained evidence of 10 separate sources. Roth asserted that these data pointed to a greater diversity 
of raw-material sources during the Middle Archaic period that was possibly related to larger procurement 
ranges and greater residential mobility. That argument is not valid, however, because the Middle Archaic 
period sites in her sample clearly contained obsidian from fewer sources than did Late Archaic/Early Agri-
cultural period sites. The conflict between the interpretation and the data is apparent in Figure 3 of Roth’s 
(2000) report; it appears that the y axis was mislabeled. Shackley’s (2005:125) analysis of the data is more 
compelling. From a sample of three sites located in south-central Arizona, including Hankat Cave, Ventana 
Cave, and the Buried Dune site, Shackley (2005:Figures 6.2, 6.3) showed the use of Mogollon Highlands, 
Sonoran Desert, and Chihuahuan Desert sources during the Middle Archaic period, in contrast to the use 
of only Sonoran Desert sources during the Late Archaic/Early Agricultural period. Shackley (1990:352) ar-
gued that obsidian discarded at the Buried Dune and Arroyo sites revealed that two separate Middle Archaic 
period groups operated in overlapping but different territories. The obsidian sample from Falcon Landing 
showed acquisition of both long-distance and semilocal obsidian, both of which were probably used by one 
individual or a common group. The presence of Elko Corner-notched projectile points may indicate relation-
ships with groups on the southern Colorado Plateau.

Conclusions

The Falcon Landing stone-tool collection represents hunter-gatherer technologies that developed before the 
appearance of maize in the U.S. Southwest and persisted into the Ceramic period. It is compelling evidence 
of long-term continuity in traditional subsistence strategies. Ethnographic comparisons have shown that 
women’s technologies, focused on the processing of mesquite, were used extensively but not intensively 
during brief, laborious occupations, possibly during the late summer, to finance upland hunting forays. The 
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energy invested in women’s technologies and the labor dedicated to using them indicate that large returns 
were anticipated. The Lukeolith and pestle collections point to a highly specialized, cobble-based technol-
ogy paired with large wooden mortars, an assertion that is difficult to make based on negative evidence. 
Contrasted by a strong emphasis on the production of hunting equipment, the Falcon Landing collection 
indicates that a pronounced division of male and female labor was in place by the early Chiricahua phase. 

The Falcon Landing collection reinforces the importance of place in the study of provisioning strategies. 
The emplacement of massive processing tools and the low-level stockpiling of raw materials at the site created 
a special circumstance for evaluating how hunter-gatherers used the full range of “forager” and “collector” 
behaviors to meet the balance between the provisioning of places and the provisioning of people. How that 
strategy changed through time elsewhere on the landscape is in debate, but the available samples indicate that 
it persisted into the Ceramic period at Falcon Landing. However, it is possible that stone-tool inputs dimin-
ished significantly after the San Pedro phase, and the lack of post–San Pedro projectile points is problematic.

Articulating the biface technology with the obvious plant-oriented function of Falcon Landing is an in-
teresting problem. The flaked stone sample had all the vestiges of a “gearing-up” site (Binford 1977). What 
is curious is that “gearing up” was a downtime task that required raw materials. In the case of Falcon Land-
ing, people chose to “gear up” at a labor-intensive food-processing site that had no rocks. Basalt and rhyo-
lite cobbles transported from the Agua Fria River made the largest contributions to the biface-thinning-flake 
sample (see Figure 44). The emphasis placed on working bifaces from local volcanic gravels transported 
several kilometers to the site indicates that ample opportunities for biface manufacture were ensured. By 
the same token, Russell (1908:109–110) showed an association between ground stone shaping and wom-
en’s downtime. The ground stone items at Falcon Landing had, in some cases, been extensively pecked, but 
those modifications were mostly surficial and appeared to relate to prehension and immediate functional 
requirements. In other words, the ground stone collection suggests that the function of the site was to har-
vest and process mesquite, but the flaked stone collection suggests that not everyone functioned equally to 
accomplish that task.
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C H A P T E R  4

Faunal Remains and Bone and Shell Artifacts

Janet L. Griffitts, Robert M. Wegener, and Karen R. Swope

The Luke Solar project recovered 4,732 faunal bones, mollusk shells, and bone and shell artifacts from 
four sites with contexts dating from the Early Archaic period to the early twentieth century (Table 46). The 
vertebrate fauna included 4,445 specimens assigned to 4 classes and 12 orders; 3 orders were represented 
among the invertebrate fauna, including both local land snails and imported marine shell (Table 47). Analy-
sis focused on identifying taxa; recording any traces relevant to butchering, food processing, or other human 
activities; identifying taphonomic processes; and documenting any temporal changes in the use of faunal 
resources. Most of the faunal bone (99 percent) was recovered from one site, AZ T:7:419 (ASM); only a 
few specimens were found at AZ T:7:68 (ASM), AZ T:7:423 (ASM), and AZ T:7:437 (ASM) (hereafter re-
ferred to as Falcon Landing, and Sites 68, 423, and 437, respectively). An additional 635 fragments of bone 
and land snails were recovered from flotation samples from Falcon Landing, but these specimens did not 
undergo detailed analysis. 

The Middle and Late Archaic period deposits are especially important because they provide much-needed 
data for understanding Archaic period subsistence practices on the lower bajada of the Phoenix Basin. In 
all, nearly 45 percent of the faunal bone was recovered from Archaic contexts. Some bone could be securely 
dated to the Chiricahua phase or the San Pedro or Cienega phases, but the dates of others spanned the transi-
tion between the Chiricahua phase and the San Pedro phase. Others could only be assigned to broader time 
ranges extending across periods, such as the Early to Middle Archaic, or the Early to Late Archaic. Those 
Archaic period specimens that could not be assigned to a specific phase were classified as Cochise in accor-
dance with the project culture history presented in Chapter 2 of Volume 1. Less than 2 percent of the faunal 
bone was recovered from contexts dated to the pre-Classic or Classic periods.

Although faunal analysis generally focuses on identifying human subsistence patterns, careful examina-
tion of animal remains can also provide insights on other important aspects of past life. For example, faunal 
remains can potentially provide information on past environments. Certain taxa are restricted to specific 
environments and can therefore aid environmental reconstruction. Faunal analysis can also provide clues 
on land use and how prehistoric peoples exploited local and nonlocal resources over time. The analysis of 
faunal remains can also help inform on more-recent times. Over a third of the bone was recovered from a 
single Historical period pit, Feature 1664. This feature provided a glimpse into a sometimes-forgotten aspect 
of early-twentieth-century farming and ranching in southern Arizona, when human and leporid interests and 
land use competed and collided.

This chapter begins with a brief discussion of the principal research themes for this study and follows 
with a summary of methods used to analyze and record information on the vertebrate faunal material. This is 
followed by a description of the identified vertebrate taxa, including aspects of their life history and known 
ethnographic importance. The next section discusses terrestrial and marine shell, the former providing in-
formation on environmental conditions and the latter on prehistoric trade. Following the discussion of shell 
is a detailed discussion of the bone artifacts. Two historical-period features contained faunal remains; these 
are discussed in the next section. A brief overview of the vertebrate material from each site follows this sec-
tion, including summary information on the kinds and amounts of taxa recovered from each temporal con-
text and feature. The resultant taxonomic and distributional data are then used to infer and discuss butchery, 
transport, and processing, comparing data over time with a particular focus on the bone and shell recovered 
from Middle and Late Archaic period contexts. Additional data concerning taxon, element, taphonomy, and 
dating can be found in Appendix 4.1 (on CD). 
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Research Goals

Analysis of animal remains can help reconstruct diet and past subsistence strategies, including hunting prac-
tices and changing patterns of resource use and processing. Faunal analysis can also provide information 
on environmental zones. The following discussion focuses most heavily on the Middle and Late Archaic 
period, because, as noted above, the greatest proportion of the prehistoric bone was recovered from Archaic 
period contexts. The large proportion of bone from this period is unusual in southern Arizona, where faunal 
collections from Middle Archaic period sites are often quite sparse. The large collection from the Middle 
Archaic period contexts at Falcon Landing therefore provides an exceptional opportunity to examine animal 
use during this poorly understood period.

Archaic period sites are known in Paradise Valley (Hackbarth 1998), north and east of our project area, 
but most tend to be surface lithic scatters, and even the extensively investigated Last Ditch site (Hackbarth 
1998; Phillips et al. 2001, 2009) yielded only a few faunal bones. Consequently, the faunal data from the 
Luke Solar project contribute significantly toward understanding Middle and Late Archaic period resource 
use in a lower-bajada setting in the Phoenix Basin and, by extension, southern Arizona. 

Additionally, the presence, abundance, or absence of certain taxa in an archaeological collection can assist 
reconstruction of past anthropogenic and natural landscapes. For example, certain taxa of land snail recovered 
in prehistoric contexts may provide information on the duration and chemistry of available moisture. Nearly 
all vertebrate taxa of the Sonoran Desert have specific environmental requirements that must be met in order 
to sustain a flourishing population. Ratios of jackrabbits (Lepus) to cottontails (Sylvilagus) and ratios of ar-
tiodactyls to leporids have been used to examine hunting patterns and changes in the landscape (Szuter and 
Bayham 1996). Bone and antler artifacts can provide indirect evidence on economic or other pursuits. For 
example, use wear on well-preserved tool surfaces may indicate if a tool was used for processing hide, making 
baskets, or other tasks. Bone and antler ornaments or gaming pieces can provide clues to social behaviors; and 
bone artifacts, or even unaltered animal remains, can reflect ritual life. For example, the O’odham accorded 
special treatment to certain taxa because of their symbolic value (Rea 1998, 2007). Skulls, horns, and hides 
of bighorn sheep (Ovis canadensis) required specific storage and disposal practices (Castetter and Bell 1942; 
Nabhan 1993; Rea 1998), sometimes resulting in large piles of skulls and horns (Hayden 1985). A number of 
birds were ethnographically important in the U.S. Southwest (Ferg 2007). Some, such as hawks and eagles 
(Accipitridae) were native, others had origins outside the region and can potentially provide information on 
exchange and interpersonal contacts. McKusick (2007a, b) documents trade in Mexican macaws (Ara) and 
turkeys (Meleagris gallopavo) in the Casas Grandes area, and in the early eighteenth century, Tohono O’odham 
near Tucson raised macaws for their feathers (Ferg 2007). Marine shells were traded throughout the U.S. 
Southwest for use as ornaments and tools and therefore can provide clues to participation in the prehistoric 
trade networks linking the Gulf of California and/or the Pacific Coast to the Sonoran Desert.

Previous Research 

Humans are known to have occupied southern Arizona for at least 12,000 years. Much of our current knowl-
edge of Paleoindian lifeways in southern Arizona stems from several intensively studied Clovis sites in the 
San Pedro Valley (Hall et al. 2011). These sites suggest a hunter-gatherer lifestyle that included very large 
game, although the degree to which the Clovis people truly relied on large game is debated (Faught and 
Freeman 1998). Clovis projectile points found near the LAFB indicate some presence in the area. The Pa-
leoindian period was followed by the Archaic period, a time of climate change and corresponding changes 
in human adaptation, beginning around 10,000 years ago. The Archaic period, in particular the Middle Ar-
chaic, is of special interest for the present study because this is where the data from the Luke Solar project 
can potentially make the greatest contribution. 
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The Early Archaic is poorly understood in southern Arizona (Huckell 1996), but an increase in grind-
ing stones and fire-affected rock (FAR) suggests changes in subsistence as the Paleoindian period drew to 
a close. In the present project, only a few faunal remains were identified as belonging to the Early Archaic 
Sulphur Spring phase at Site 437, but they were too few to contribute substantially to our knowledge of this 
time (see Table 46). 

Among the few Middle Archaic sites with more than a few bones are the Middle Archaic components at 
Los Pozos (Gregory 1999; Wöcherl 1999) and El Taller (Dean 2007a), both in the Tucson Basin. Other sites 
include Tator Hills (Halbirt and Henderson 1993) in the Santa Cruz Flats; the Lookout site in Harquahala 
Valley (Bostwick and Hatch 1988); Ventana Cave (Bayham 1982) and the Buried Dune, Arroyo, and Gate 
sites in the Picacho Reservoir area (Bayham et al. 1986); and the Fairchild site in the Sulphur Spring Valley 
(Windmiller 1973). Small, fragmentary faunal collections were recovered at the Last Ditch site, the site geo-
graphically closest to the Luke Solar project area of all previously excavated and reported Middle Archaic 
sites (Phillips et al. 2001; Rogge 2009) (Figure 77). Other Middle Archaic sites are known in southern Arizona 
and in the Phoenix Basin, but many lack faunal collections, and our knowledge of Middle Archaic foodways 
is therefore limited. The documented faunal remains indicate a reliance on jackrabbits, cottontails, and other 
small taxa, with few, if any, bones from deer-sized mammals. Because of this dearth of faunal material, the 
bone from the Luke Solar project provides an opportunity to greatly increase our understanding of Middle 
Archaic foodways. 

The Late Archaic period is better known, especially in riverine sites in the Tucson Basin. More Late 
Archaic period sites have been identified, and several have been intensively studied. Our understanding of 
the Late Archaic/Early Agricultural period has greatly increased over the last several decades as a result of 
extensive research conducted on large Early Agricultural period riverine sites in the Tucson Basin, includ-
ing Las Capas and Los Pozos (Gregory 1999; Mabry, ed. 1998a), and other sites, such as La Paloma (Dart 
1986), Santa Cruz Bend (Mabry, ed. 1998a). Faunal remains from these sites indicate a primary focus on 
leporids with much lower emphasis on artiodactyls. Late Archaic period sites have been identified outsided 
the Tucson Basin, but generally, less is known regarding Late Archaic subsistence outside the Tucson Basin 
and in more-arid environments, and therefore, the materials recovered from San Pedro and Cienega phase 
contexts in the present project area will help increase our knowledge of the Late Archaic in the Phoenix Ba-
sin and in nonriverine environments. 

Taxonomic and Skeletal Identification

All specimens were identified to the smallest taxonomic level possible, and their attributes were entered 
into SRI’s custom database system. The bones were analyzed at SRI’s Tucson laboratory, using a collection 
of comparative specimens and the comparative collections in the Arizona State Museum (ASM). Published 
osteological references were also consulted (Gilbert 1980; Gilbert et al. 1985; Hillson 1992, 2005; Lawrence 
1951; Olsen 1964, 1968, 1979; Schmid 1972; Zweifel 1994). The primary analytical unit used in this analy-
sis was the number of identified specimens (NISP). Each specimen was included in the NISP calculation. If 
specimens were recently broken and could be refit to other fragments, then the reassembled specimen was 
counted as one. Mollusk shell identifications were made using published resources (Cheatum and Fullington 
1971; Keen 1971) and were confirmed by Arthur Vokes of the Arizona State Museum.

Fauna recovered from flotation samples mostly consisted of very small, carbonate-covered, minimally 
identifiable fragments. Initially, all material from flotation samples was analyzed, but it became apparent 
that little additional information would be gained by in-depth analyses, and therefore the fauna from flota-
tion samples were only briefly examined in order to identify (1) taxa not previously identified in the proj-
ect collection and (2) exemplary specimens such as small bone or shell beads or ornament fragments. The 
unanalyzed specimens were not included in NISP counts in the tables and figures accompanying this chapter. 



 238

F
ig

ur
e 

77
. L

o
ca

ti
o
ns

 o
f 

si
te

s 
w

it
h 

fa
un

al
 r

em
ai

ns
 d

is
cu

ss
ed

 in
 t

he
 t

ex
t.



 239

The most minimal level of identification was animal-size class. All specimens were assigned to general size 
classes based on those proposed by Thomas (1969:393) and Wegener (2009). Very small animals are those that 
weigh less than 100 g, such as pocket mice (Perognathus). Small mammals weigh between 100 and 700 g, such 
as wood rats (Neotoma) and many squirrels. Medium-sized mammals weigh between 700 g and 5 kg. Most 
medium-sized mammals identified in this study were leporids, specifically jackrabbits and cottontails. Ani-
mals weighing between 5 and 25 kg were classified as large mammals. Examples of animals in this size class 
include coyotes (Canis latrans) or bobcats (Lynx rufus). Very large mammals are those weighing over 25 kg 
such as deer (Odocoileus), pronghorn (Antilocapra), or sheep (Ovis). Finally, extra-large mammals are those 
animals the size of a cow (Bos), horse (Equus), or elk/wapiti (Cervus). Only a few bird bones were recovered 
in this project, and they tended to fall into two size classes: medium-sized birds that are the size of a hawk or a 
duck (Anatidae) and small birds, a classification that holds all smaller birds. Specimens that were too fragmen-
tary or were too covered with carbonate to determine size class were assigned to an indeterminate size class. 

This analysis did not include multiple-size groupings such as small to medium, or medium to large, and 
therefore bones that were unidentifiable to taxon were placed in the smallest possible size class. For ex-
ample, if a fragment could have belonged to a larger squirrel-sized mammal (usually in the small mammal 
class) or a small leporid (medium-sized mammal) but was otherwise unidentifiable, it was assigned to the 
smaller size classification as a small mammal. There were exceptions to the classification system described 
above. Kit foxes (Vulpes macrotis) are tiny carnivores (members of Carnivora) weighing less than 5 kg, but 
they are behaviorally much more like the larger gray fox (Urocyon cinereoargenteus) and other larger car-
nivores than they are like the rabbits and hares that make up the bulk of the medium-sized mammals in this 
collection. Similarly, the upper weight range of the antelope jackrabbit (Lepus alleni) is over 5 kg, but these 
large hares were placed in the same size class as other rabbits rather than included with the small carnivores.

Bones and fragments were counted and identified to skeletal element, portion, and side when possible. 
Fragments were counted individually unless they could be refitted to one another. Several methods were 
employed to examine element representation. Specimens were placed in categories based on element por-
tion (Wegener 2009). Long bones were identified as NISP/whole, NISP/shafts, or NISP/ends. Cranial and 
other axial bones, innominates, scapulae, and carpals and tarsals were assigned to NISP/flat. These catego-
ries were used to examine breakage patterns, in particular among long bones. 

Minimum number of elements (MNE) was calculated using two systems. The first is outlined by Stiner 
(1994:240–242), the second by Waters (2002:764). Elements were grouped into anatomical regions. Stiner 
proposes 9 regions: horns and antlers, head, neck (cervical vertebrae), axial (thoracic and lumbar vertebrae, 
sacrum, sternum, ribs, and pelvis), upper front (scapula and humerus), upper hind (femur), lower front (ra-
dius, ulna, carpals, and metacarpals), lower hind (patella, tibia, fibula, tarsals, and metatarsals), and feet 
(phalanges). Waters (2002) uses only four regions: cranial, axial, upper leg (scapula, innominate, humerus, 
femur, and tibia), and lower leg (radius, ulna, metapodial, carpals, tarsals, and phalanges). These various 
systems are useful for looking at general patterns in processing and discarding carcasses, and they facilitate 
comparisons with published data.

Faunal specimens can potentially be identified as belonging to adult, subadult, neonatal, or fetal individuals 
based on the presence or absence of age indicators. Such indicators include unfused, partially fused, or fused 
epiphyses, erupting or heavily worn teeth, presence of antler (an indicator of gender as well as age in most 
cervids), or spongy fetal-appearing bone. Some species have strongly seasonal birth patterns, and therefore 
the presence of juveniles of these taxa can potentially provide information on seasonality of site occupations. 

Bone pathologies include broken and healed bones or certain diseases. A single pathological specimen 
was recovered in this project; this consisted of four snake vertebrae that had fused together, likely as a re-
sult of some injury. Unfortunately, heavy carbonate deposits on many specimens in this collection limited 
visibility, and other pathologies, if present, may have gone unrecorded.

Because 99 percent of the faunal remains were recovered from Falcon Landing (see Tables 46 and 47), 
in the following discussion, features can be assumed to be from Falcon Landing unless specified otherwise. 
All radiocarbon dates in this chapter are presented in 2σ calibrated ranges. Dates for features and nonfeature 
units are presented in Appendix 4.2. 
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Taphonomic Processes

The bones recovered during the Luke Solar project had been subjected to both cultural and noncultural for-
mation processes. A carbonate coating covered many bones. Sometimes it was patchy and thin, but often 
it was too thick to identify any but the most obvious features on a bone surface, and in some cases, bones 
were so thickly covered that it was difficult to identify the element or even if the specimen was indeed bone. 
Carbonate is the result of precipitation of calcium carbonate salts “where moisture is insufficient to flush the 
salts from the sedimentary matrix” (Lyman 1994:420). Carbonate deposits were noted on 26 percent of all 
bone, or 45 percent of the bone excluding the early-twentieth-century Feature 1664. A reddish brown stain 
was noted on 452 specimens (17 percent of all bone excluding Feature 1664). This staining was most often 
noted on the interiors of broken bones that also had some carbonate buildup. If the specimen was completely 
coated with carbonate, it was impossible to tell if there was staining. In addition, it was at times difficult to 
determine if a dark-brown specimen was lightly burned or stained. 

The weathering stage records the degree of bone destruction due to exposure to changes in temperature, 
moisture, and other physical and chemical agents (Lyman 1994). Bones dry out over time, with corresponding 
changes beginning at the outermost surface and extending inwards as time goes by and weathering increases. 
If bone is continually exposed or is repeatedly reexposed to the elements, the weathering progresses deeper 
into the bone. Bone surfaces crack, the cracks become rounded, the surface becomes rough and fibrous, and 
then cracks progress deeper until the bone begins to splinter and finally falls apart.

Weathering was recorded using the six-stage classification system used by other researchers (Andrews 
1990; Behrensmeyer 1978; Lyman 1994). When possible, each specimen was classified based on degree 
of surface alteration. The categories vary slightly between larger and smaller mammals. Bone weather-
ing stages begin at Stage 0: smooth, unblemished, and still greasy, but no bones were assigned to Stage 0. 
Stage 1 bones from large mammals have begun to dry out and may have some longitudinal cracking with 
mosaic cracking on the articular surfaces. Bone and teeth from small mammals begin to split during Stage 1 
(Lyman 1994:355). Stage 2 bones have begun to exfoliate and cracking continues, and in smaller mammals 
the teeth chip and split. The classification system was modified to incorporate specimens that seemed to be 
halfway between stages, introducing Stages 1.5 and 2.5. In Stage 3, the edges of cracks become rounded, and 
weathering penetrates up to 1–1.5 mm into the bone surface. Most bones were not highly weathered and the 
majority fell into Stage 1 (64 percent). No bones were placed in weathering stages over Stage 3. It was not 
possible to identify weathering on many of the carbonate-coated bones (34 percent), although, occasionally 
a gap between carbonate patches revealed enough surface to assess the state of the bone. 

Root etching is indicated by round-bottomed grooves etched onto a bone surface and is produced by ac-
ids in plant roots or by fungi (Lyman 1994). Etching on bones suggests that plants must have been present 
at some time. Root etching was recorded on a few specimens (n = 36), but as with many other taphonomic 
observations, the carbonate coating on many bones made root etching impossible to detect. Rodent and car-
nivore gnawing were also noted on a few bone surfaces, but both were recorded in very low frequencies. 
Gnawing was seen on only 11 bones, all from Falcon Landing. Rodent tooth marks were noted on 7 speci-
mens, carnivore tooth marks on 3 specimens, and an indeterminate tooth mark on 1 bone. The low frequen-
cies may reflect poor visibility of bone surfaces rather than actual presence and absence of these traits.

Cultural formation processes include cut marks, butchery, and burning. Burning can provide informa-
tion on carcass processing and discard, as well as certain cooking practices. Four burning stages were re-
corded: unburned, partial, blackened, and calcined. Identification of burning was based on color. Calcined 
bone, bone heated to above ca. 600°C (Lyman 1994:386–389), becomes blue-gray to white. Bone recorded 
as blackened is charred black, or dark brown, a condition indicating that the bone has been heated to about 
400°C. This seemingly straightforward observation was complicated greatly in this analysis because thick 
layers of carbonate covered many bones and fragments. In addition, mineral staining was at times difficult 
to distinguish from burned bone. Burning was observed on only 25 percent of the bone, but because of poor 
visibility, simple comparisons of presence and absence are not meaningful.
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Although it is tempting to interpret burned bone as evidence of cooking, burning can result from either 
cultural or noncultural processes (Schiffer 1987). Humans burn bone in a variety of ways, including discard-
ing waste in fire, periodically burning trash, or using bone as fuel. Burning is not, in fact, reliable evidence 
of cooking because bones encased by muscle are protected from the heat to a certain extent, and usually the 
goal of cooking is to heat and soften meat, not to burn it so badly that the bone contained within is charred 
or calcined. This is not to say that bone never burns during cooking. Parts of the bone where muscle is thin 
(and therefore less protected) may burn during cooking. For example, around the turn of the century, Akimel 
O’odham would place pocket gophers (Thomomys) directly on coals to cook (Russell 1908). Cooking small 
mammals or birds in this way could result in charring the foot bones, crania, or other skeletal elements cov-
ered with little soft tissue, but the meatier proximal femur and proximal humerus would have been less likely 
to burn unless the carcass was left too long on the fire. Uniformly charred bone was rarely the desired effect 
of cooking. Additionally, burning is not necessarily exclusive to human activity. Wildfires, lightning strikes, 
or underground proximity to hearths can all inadvertently expose bones to heat and burning.

Crushing and impact marks, breakage, cut marks, and other signs of butchery can provide clues to human 
behavior. The maximum dimension of each specimen was recorded using seven ordinal categories (follow-
ing Wegener 2011): 0–5 mm, 6–15 mm, 16–25 mm, 26–35 mm, 36–50 mm, 51–100 mm, and greater than 
100 mm. These ordinal size classes provide information on fragmentation which in turn can reflect decisions 
made during meat processing. Fragmentation can also provide evidence regarding postdepositional processes, 
such as the formation history of feature fill and the extent of transformation (Schiffer 1987). When possible 
patterning was detected, average fragment size was calculated by determining the midpoint of each size 
range (e.g., the midpoint of 0–5 mm is 2.5), multiplying the midpoint by the number of observations, and 
then dividing by number of specimens (Thomas 1986). This technique is somewhat imprecise but served to 
provide a general idea of the overall size of bone from a given collection.

In sum, when possible, burning, weathering, and other taphonomic processes were recorded, but the 
heavy layers of carbonate made such recording impossible on many specimens. Therefore, any comparisons 
of burning or other taphonomic observations can only focus on presence, not absence. 

Vertebrate Fauna 

Faunal remains were recovered from all four sites in the project area, but the vast majority was from Falcon 
Landing (see Tables 46 and 47). Mammal bones were more common than those from any other vertebrates; 
mammals were followed, in order of abundance, by reptile, bird, bird/mammal, amphibian, and reptile/
amphibian bones. Very small fragments unidentifiable below the level of phylum contributed 27 percent of 
the vertebrate collection. Leporids and bone from indeterminate rabbit-sized mammals made up the bulk of 
the collection in both prehistoric and Historical period contexts, including black-tailed (Lepus californicus) 
and antelope jackrabbits and cottontails. Rodent bones included ground squirrels (Spermophilus), antelope 
ground squirrels (Ammospermophilus), white-footed or deer mice (Peromyscus), pocket gopher, pocket 
mice, kangaroo rats (Dipodomys), wood rats, and cotton rats (Sigmodon). Artiodactyls and bone from artio-
dactyl-sized taxa were only occasionally recovered, and very few specimens were large enough to identify 
to taxon. Included in the few identifiable pieces were antler assigned to the deer family and deer bone. Two 
sheep/goat (Ovis/Capra) elements were found in a Historical period pit (Feature 1664), with a single bone 
from a cow-sized artiodactyl. 

Amphibians

No amphibians could be positively identified below the level of Anura, the order that includes frogs and 
toads (see Table 47). Many amphibian long bones were broken and were missing ends, leaving the distinc-
tive bifurcated long bones indicating their class, but little else. None were burned. Eighteen of the 23 speci-
mens were recovered from an early-twentieth-century pit (Feature 1664), and these tended to be slightly 
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more recognizable than bones from older features, although even in this case, the identifications were far 
from certain. Two of these more-recent specimens looked more like spadefoot toads (Spea) than any other 
amphibians in the ASM comparative collections, but they lacked strongly diagnostic characteristics. Two 
others were more like southern toad (Anaxyrus terrestris), but none of the identifications could be made 
with confidence. Anura bones represented individuals of several sizes. In addition to the Historical period 
pit, frog or toad bone was also found in prehistoric contexts, including a possible structure (Feature 2622) 
from the early Chiricahua phase (2560–2460 cal b.c.), a thermal pit (Feature 18027) dating to the Cochise 
(2570–790 cal b.c.), and in test-pit excavations (PD 8250) dated to the Cienega phase (720–200 cal b.c.). 
Anura bones were also recovered in poorly dated and undated contexts.

Reptiles

In most cases, reptile bones were unidentifiable beyond distinguishing between lizards (Squamata), snakes 
(Serpentes), and turtles or tortoises (Testudines), but a few genera were recognized. Carbonate deposits and 
fragmentation limited the identifiability of the bones, as did the very small size of some complete or nearly 
complete specimens. Among the 76 reptile bones was a collared lizard (Crotaphytus) mandible from a His-
torical period pit (Feature 1664), and unidentified members of Iguanidae recovered from a nonthermal pit 
(Feature 4370) dated to Cochise and nonfeature context (see Table 47). Rattlesnake (Crotalus) vertebrae were 
recovered from a Historical period pit at Falcon Landing and a posthole in a Snaketown phase structure at 
Site 68 (Feature 13, Subfeature 240). Four snake vertebrae were fused together by bone growth, suggesting 
that the snake had been injured but survived long enough for the bones to grow together. The fused bones, 
recovered from a poorly dated noncultural context, were light colored, unweathered, and had no carbonate, 
staining, or root etching. Therefore, they were likely intrusive. Other snake and lizard bones were found 
in feature and nonfeature locations. Although many snakes and lizards in archaeological sites are probably 
intrusive, some may have been deliberately brought to human settlements. Russell (1908:86) reported that 
during the Historical period, Akimel O’odham villagers captured lizards to feed the captive eagles and hawks 
they kept for feathers, and the same practice occurred among the Yumans (Castetter and Underhill 1935:43). 
Some snakes may have been drawn to the site at the time it was occupied. Human activity attracts rodents, 
and increased rodent populations, in turn, can attract snakes. Once there, depending on cultural attitudes and 
the type of snake, they may have been tolerated for pest control, killed and disposed of, killed and eaten, or 
even used for ceremonial purposes.

A few turtle or tortoise shells were recovered. Two specimens were found in a Cochise (Middle to Late 
Archaic) nonthermal pit (Feature 4329). Two other specimens were found in nonfeature contexts, one dating 
to the Cienega phase (PD 8231) and the other undated. Two sizes were represented. The carapace fragment 
from the undated context belonged to a large individual with a thick, domed shell, possibly a desert tortoise 
(Gopherus agassizii). The other specimens belonged to much smaller individuals. According to Castetter and 
Underhill (1935:43), the Tohono O’odham did not go out to hunt these slow-moving reptiles, but they would 
gather tortoises when they encountered them. Desert tortoises were prepared by first removing the entrails, 
then placing hot pebbles in the body cavity and roasting them on ashes (Castetter and Underhill 1935:47). 
This cooking method could result in burned shell exteriors, as the shell in this case served as a handy con-
tainer for the meat within. The two fragments from Feature 4329 were not burned; the large, domed cara-
pace fragment was burned; and the remaining shell fragment from the Cienega phase was too covered with 
carbonate to identify presence or absence of burning. 

Birds 

Nearly equal numbers of bird and reptile bones were identified. In all, 70 bones represented birds, and an 
additional 47 fragments were either birds or mammals (see Table 47). Of the 70 bird bones, 45 were recov-
ered from one Historical period pit feature (Feature 1664) (see Appendix 4.1), along with 27 mammal/bird 
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bones. Twelve bird bones were found in Feature 1361, a bell-shaped nonthermal pit dating to the Cienega 
phase; none could be identified to order. The remaining bird bones were recovered in small amounts, with 
1, 2, or occasionally 3 pieces found per feature, but most could not be identified beyond size and class. The 
relative lack of bird bone—and the low identification rate of the bird bone that was found—may reflect 
poor preservation. Other bird bone may have been so encased in carbonate that it was unidentifiable or too 
fragmentary to be identified even to class. The only birds from prehistoric contexts that were identifiable to 
genus were crested quails (Callipepla), represented by 3 bones. Two of these, from a poorly dated natural 
deposit, originally interpreted as a midden (Feature 10118), may have been intrusive based on the pale color 
and unblemished condition of the bone. The third was from an excavation unit (Unit 8265) into nonfeature 
Cienega phase deposits. Other bird bone was recovered from at least six features and two nonfeatures, but 
the bone could not be identified below the level of class and general body size. When compared to the bird 
collection at the ASM, 2 carbonate-covered bones were most similar to roadrunner (Geococcyx), but both 
bones were so encased that no positive identification was possible. One of these carbonate-encrusted pos-
sible roadrunner bones was a mandible found in Feature 1361 (noted above); the other, a right coracoid, was 
recovered from a thermal pit dating to the Cochise (Feature 4272). No burning was seen on any bird bone, 
but some specimens were too encased by carbonate to tell if they were burned or stained. Twenty eggshell 
fragments were found in feature and nonfeature contexts.

The quail bones included an innominate and left humerus from Feature 10118; a left carpometacarpus 
and right humerus from Historical period Feature 1664; and another left carpometacarpus from a nonfea-
ture context. These little birds are common today, and during our excavations, quails were frequently seen 
running about the site. Among the O’odham, Gambel’s quails (Callipepla gambelii) were hunted with bows 
and arrows, trapped, or dispatched with branches (Rea 2007). Yumans trapped quail and other small birds 
with fiber nets, shot them with arrows, or captured them by hand (Castetter and Bell 1951:215–216). Some 
Yumans also trapped quails in cages made of saguaro ribs (Castetter and Underhill 1935:43). The average 
clutch size for quail is 10–12 eggs (Thomson 2001), so one or two nests would have supplied quite a few 
eggs. Quail eggs were boiled or buried in warm ashes in a small pit. Among the Akimel O’odham, there 
were certain restrictions concerning quail and quail eggs, lest quail sickness, sore eyes, or blindness strike 
(Rea 2007; Russell 1908). Touching the quail’s topknot was taboo among O’odham groups, so it was cus-
tomary to first pull off the heads before processing further to avoid touching the topknot (Rea 2007). If this 
belief extends deeply into the past, then one might expect to find quail heads and upper vertebrae missing. 

The following birds were found only in Historical period contexts and so their Native American uses 
are not described here. One bone was identified as the left coracoid of a possible sapsucker (Sphyrapicus) or 
small woodpecker (Picidae). Several sapsuckers make their homes in the area, including the yellow-bellied 
(S. varius), red-naped (S. nuchalis), and red-breasted sapsuckers (S. ruber) (Arizona Bird Committee 2012). 
The red-naped sapsucker is a visitor to Arizona, the other two nest here. The presence of additional bird 
species is also possible; for example, the left coracoid might represent a Williamson’s sapsucker (S. thyroi-
deus), a bird that winters in Mexico (Peterson 1990) and may pass through the Luke Solar project area, or 
the bone could represent some other small woodpecker. Another left coracoid was identified as a possible 
robin (Turdus) bone. The American robin (T. migratorius) breeds in Arizona, and the rufous-backed robin 
(T. rufopalliatus), though native to Mexico, is a winter visitor (Peterson 1990). Two third phalanges and a 
synsacrum were identified to Accipitridae, which includes eagles, hawks, and kites. Many Accipitridae live 
in or pass through Arizona. The three bones recovered in Falcon Landing were from a bird or birds the size 
of a western marsh harrier (Circus aeruginosus).

Mammals

The bulk of the identifiable fauna was assigned to mammalian taxa. In all, the mammalian specimens repre-
sented at least 4 orders and 14 genera, and they included animals of a range of size and dietary preferences 
(see Table 47). Among mammalian orders, lagomorphs made up the greatest proportion, with rodents tak-
ing a distant second place. 
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Rodents

Recovered rodent bone included a variety of mice, rats, and squirrels (Heteromyidae, Muridae, and Sciuri-
dae). Some may have been deliberately hunted by humans, some attracted to human activities, and some 
were likely intrusive. In all, 158 specimens were identified as rodent bone, and of these, 80 were found in 
an early-twentieth-century pit feature. Members of Heteromyidae and Muridae were most numerous of the 
identified rodents. In all, 32 specimens were assigned to Heteromyidae, which includes pocket mice and 
kangaroo rats (see Table 47). Kangaroo rats and pocket mice are nocturnal, seed-eating, desert-adapted bur-
rowing rodents. All stash gathered seeds in cheek pouches to carry away and cache in their burrows. Al-
though several species and subspecies of both heteromyid genera live in the project area, many distinguishing 
characteristics only are found in soft tissue and so the specimens in this study were only identified to genus. 
Pocket mice are small rodents, seed eaters with fur-lined cheek pouches, small ears, long tails, cusped and 
rooted teeth. Several species live in Arizona, and no attempt was made to identify these rodents by species. 
The pocket mice recorded in Maricopa County (Hoffmeister 1986) range in size from the aptly named little 
pocket mouse (Perognathus longimembris), weighing only 6–9 g, to the much larger Bailey’s pocket mouse 
(P. baileyi), which at 17–42 g (Reid 2006), overlaps with smaller kangaroo rats. Some species of pocket 
mouse are known to reuse the abandoned burrows of kangaroo rats and pocket gophers or the abandoned 
nests of wood rats (Best and Skupski 1994), and some kangaroo rats and pocket mice have been observed 
sharing burrows. Pocket mice will also dig into the soft soil surrounding pocket gopher burrows and are 
often found associated with Merriam’s kangaroo rat (Dipodomys merriami) (Burt and Grossenheider 1980; 
Hoffmeister 1986). Isolated specimens of pocket mice were recovered from both prehistoric and twentieth-
century contexts, including thermal (Feature 11290) and nonthermal pits (Features 1664, 10774, 15191, and 
15334); a reservoir (Feature 10278); a structure (Feature 17908); an activity surface (Feature 15119); and a 
natural deposit, originally identified as a feature (Feature 10118), but other very small mammal and rodent 
bones from these features may also have been from this taxon. Three specimens, although recovered from 
prehistoric contexts (Features 11290, 17908, and 15119), were likely intrusive, based on bone condition. 
One calcined femur from a pocket mouse was collected from poorly dated test-pit excavations within the 
general site sediments.

Kangaroo rats in the project area are most likely to have been Merriam’s kangaroo rat, a small rodent 
weighing only 25–53 g (Reid 2006:261), or the desert kangaroo rat (Dipodomys deserti) weighing 73–148 g 
(Hoffmeister 1986; Reid 2006:270). As such, they potentially occupy both the very small and the small size 
classes. For consistency, because kangaroo rats could only be identified to genus, all were placed in the very 
small size class. Kangaroo rats were identified in nonthermal pit and nonfeature contexts in both prehistoric 
and Historical period contexts. Only one kangaroo rat bone was burned. This bone, a complete calcined cal-
caneus, was the only bone recovered from Feature 10278, a San Pedro phase reservoir. A second kangaroo 
rat bone recovered from a nonthermal pit (Feature 15191) dated to the Cochise, and the rest of the kangaroo 
rat bones were found in Historical period contexts. 

Rea (1998) was told that O’odham would leave kangaroo rats alone and was unable to find anyone 
who considered kangaroo rats to be edible. Castetter and Underhill (1935:42) noted that among the Tohono 
O’odham, kangaroo rat consumption was limited to times of extreme need. Pocket mice, too, were eaten only 
during times of scarcity—“the hungry time” (Castetter and Underhill 1935:42). No cut marks or butchery 
marks were seen on any heteromyid remains, although this was not surprising. Very little butchery would be 
needed on such tiny mammals and processing them for food might well destroy the bones. 

Muridae includes a variety of rats and mice. Muridae identified in the Luke Solar project included cot-
ton rats (Sigmodon sp.), wood rats (Neotoma sp.), and white-footed or deer mice (Peromyscus sp.). Several 
species of cotton rat inhabit Arizona, and seven specimens could be identified to these thick-bodied, short-
eared rodents (see Table 47). Cotton rats weigh about 159 g (Rea 1998) and are found in a variety of habitats. 
Some are xeric-adapted desert dwellers (Hoffmeister 1986), but most are especially attracted to riparian areas 
and irrigated fields (Merlin and Siminski 2000). They are vegetarian, feeding on green plants and grasses. 
Cotton rats are active during the day and night, running through grasses along protected trails or runways.
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In the early 1960s, Rea (1998) was told that cotton rats were a favorite food of the Akimel O’odham, 
who reported that the round little rodents tasted like pork and that they were not fatty but good flavored. 
Cotton rats had to be gutted soon after death or the meat would spoil. They were roasted directly on coals, 
or skewered on a stick, and were roasted until they could be peeled, then roasted again until brown (a prac-
tice that could potentially expose bones to more direct heat and burning). Cotton rats were also stewed, and 
in more recent times, fried. One or two rats served for a meal (Rea 1998:177). Cotton rats were hunted us-
ing fire drives and surrounds, poked out of their holes, killed when disturbed in grain piles, and in recent 
times, Akimel O’odham men working in alfalfa fields would sometimes catch and cook them for lunch. 
Bones of cotton rat were identified in a Historical period pit (Feature 1664) and in two prehistoric contexts 
(Feature 3693 and Feature 10118 [later determined to be a natural deposit]), but those from the prehistoric 
contexts were likely intrusive based on bone condition. None were burned. 

In all, 34 bones were identified as wood rat (see Table 47). Wood rats, commonly known as pack rats, 
are relatively large-bodied nocturnal rodents. Southern Arizona species weigh around 157g (Rea 1998). 
They feed on cactus, mesquite beans, creosote bush flowers and stems, and other plants, but they will also 
eat meat (Hoffmeister 1986). Their distinctive nests are a familiar sight to many southern Arizona residents. 
The nests are constructed of sticks, cholla, prickly pear or other cactus parts, and other debris, and these 
prickly outside nests surround smaller nests made from fine, soft materials where the young are reared. Nests 
are often built around bushes, trees, cacti, or sheltering rocks (Merlin and Siminski 2000; Reid 2006), or in 
modern times and urban areas, beneath houses or in automobiles. Their habit of collecting bits and pieces 
of attractive debris gives them their more common name: pack rat.

Wood rats were identified in nonthermal pits (Features 148, 1664, 4234, and 11168), a bell-shaped non-
thermal pit (Feature 1361), structures (Features 2529, 2602, and 4349), thermal pits (Features 4272 and 11974), 
an FAR concentration (Feature 4625), a charcoal/ash concentration (Feature 3693), and an activity area (Fea-
ture 14729). They were also recovered from nonfeature and noncultural contexts. Only 1 of the 34 bone frag-
ments was burned, although 4 other specimens were either burned or stained; all 4 of these were covered with 
thick carbonate layers that reduced visibility. Both adult and juvenile individuals were represented. 

Some wood-rat bones probably represented intrusive individuals, but others may have been come to the 
site while it was occupied, attracted by changes in vegetation; discarded refuse on the surface, in pits, or aban-
doned structures; or by stored seeds. Humans may have hunted some of these rats. For example, Rea (1998) 
noted that in the Historical period, the O’odham considered wood rats probably the second-most-important 
rodent game animal after cotton rats. They were among the animals taken in drives (Rea 1998:182) or were 
pulled from their nests by tangling sticks in the wood rat’s fur. Russell (1908:80) reported that the Akimel 
O’odham ate a rat but he did not identify the species, and Castetter and Bell (1942) also reported that wood 
rats were consumed by the Tohono O’odham.

To the south of the project area, the Tepehuan trapped wood rats and mice using an upside-down bowl 
set up over bait (Pennington 1969). Castetter and Underhill (1935) reported that the Tohono O’odham pre-
ferred to hunt smaller animals with bow and arrow, and cooked unidentified rats and birds in ashes, leaving 
the skin on to protect the meat. The Tohono O’odham also reportedly burned nests to chase out the occupants 
(Rea 1998), as did the Cocopah (Castetter and Bell 1951). Underhill (1979:39) noted that Tohono O’odham 
boys hit rats with sticks to kill them and then skewered and roasted them. The Chiricahua used two methods 
to hunt wood rats (Opler 1996:325): in pairs and individually. When two men were hunting rats, one drove 
the rat from its nest by poking it with a stick, and the second shot it with a wood pointed arrow. At other 
times, a single person drove the rat out and hit it with a stick. The Cocopa pounded the bones of wood rats 
and ate them (Castetter and Bell 1951). Not only were wood rats eaten, but occasionally humans raided their 
cached stores of mesquite beans (Rea 1998), although this is reported to have been discouraged among the 
O’odham. Castetter and Bell (1951:182), too, wrote that Yumans raided rodent nests for their seeds.

Three mouse bones were identified only to the genus Peromyscus, white-footed and deer mice. Several 
species of these tiny rodents live in the Sonoran Desert, including the cactus mouse (P. eremicus), Merri-
am’s mouse (P. merriami), and the canyon mouse (P. crinitus). These little mice have large ears; large eyes; 
thick, long tails; and are nocturnal (Reid 2006). Two bones were recovered from a Historical period feature 
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(Feature 1664), and one carbonate-covered specimen was found in a nonthermal pit (Feature 148, Site 68) 
dated to the Cochise period. 

Members of Sciuridae (squirrels, chipmunks, and marmots) were the third most common rodents iden-
tified in our project (see Table 47). Squirrels native to Arizona include a variety of ground squirrels, ante-
lope ground squirrels, tree squirrels (Sciurus), prairie dogs (Cynomys), and even chipmunks (Tamias), but 
the most likely to be found in Maricopa County and the Luke Solar project area are the round-tailed ground 
squirrel (Xerospermophilus tereticaudus), antelope ground squirrel (Ammospermophilus), and rock squir-
rel (Otospermophilus variegatus) (Hoffmeister 1986; Maricopa County Parks and Recreation n.d.; Merlin 
and Siminski 2000). 

Round-tailed ground squirrels are social, diurnal, desert-adapted burrowers living in colonies. They eat 
seeds, cacti, and green plants, and may rely more heavily on green plants than antelope ground squirrels. 
Round-tailed ground squirrels may hibernate October through December (Hoffmeister 1986:185), and so, 
if their remains are interpreted as nonintrusive in cultural contexts, their presence may provide some indi-
cations of seasonality. Rock squirrels are the largest of the three squirrels, but they are the least likely to be 
found in the project area. They are most common among the rocks that give them their name, but they are 
found in other habitats across the state, except for the driest portions in the southwestern Arizona deserts. 
Like the antelope ground squirrels, their diets are flexible, including seeds, fruit, nuts, agave, and carrion, 
and they have been observed killing and eating a captive kangaroo rat and catching and eating a robin in the 
wild. It is unknown if rock squirrels truly hibernate, but they become less active in the winter and only ap-
pear occasionally on sunny days (Hoffmeister1986:177).

Antelope ground squirrels are smaller than round-tailed ground squirrels. They are striped squirrels living 
in burrows in saltbush–creosote bush–bursage deserts and are diurnal. They do not appear to hibernate, and 
they have a very varied diet. Like the round-tailed ground squirrel, little antelope squirrels eat fruit, seeds, 
and green plants, but they also eat carrion, and will catch and eat insects and lizards, and in captivity, they 
have been known to kill and eat pocket mice. There are two species in Arizona, with Harris’ antelope squir-
rel (Ammospermophilus harrisii) in the southern portion of the state (Hoffmeister 1986:172). 

Squirrel bone was recovered in prehistoric and Historical period contexts, in house-in-pit, nonthermal pit, 
thermal bell-shaped pit, and nonfeature contexts, and included 15 bones from indeterminate squirrel, ground 
squirrel, and antelope ground squirrel. Two squirrel bones dated to the Cienega phase, both were covered 
with carbonate and had small conical punctures that suggested carnivore gnawing. One of these bones was 
from a nonthermal pit (Feature 1295), and the other was from a nonfeature context. No squirrel bones were 
burned and 7 had carbonate coating. Two of the squirrel bones were from taxa around the size of comparative 
prairie-dog specimens from Colorado (included in the ASM comparative collection); these larger individuals 
could represent rock squirrels. The remaining squirrel bones were from smaller taxa. Antelope ground squir-
rel bone was recovered from Historical period Feature 1664. Additionally, 2 very small carbonate-covered 
squirrel bones were recovered from nonfeature Cienega contexts. These 2 bones likely represent antelope 
ground squirrels as well. Others may be included among the unidentified rodent (squirrel-sized) remains.

The O’odham hunted round-tailed ground squirrels by pouring water into burrows and clubbing or shoot-
ing the fleeing squirrels (Rea 1998), and Russell (1908) reported unidentified ground squirrels were treated 
in the same way. Historically, squirrels were cooked on coals or were fried. Women were not allowed to eat 
ground squirrels because eating ground squirrels was thought to cause nosebleeds or insufficient milk (Rea 
1998). O’odham formerly hunted antelope squirrels with bow and arrow, but Rea (1998:146) was told that 
they were very small and didn’t provide much meat per squirrel. Ground squirrels were a less popular food 
than the larger mammals among the Tohono O’odham (Castetter and Underhill 1935:42).

Only three pocket gopher (Thomomys sp.) bones (two tibiae and a femur) were identified during this 
project, one from a Historical period pit, and the other two from nonfeature test-pit excavations (see Ta-
ble 47). One dated to the early Chiricahua phase and the other was poorly dated. In spite of the paucity of 
identifiable bone, pocket gophers were indeed present at Falcon Landing, at least in more-recent times, as 
indicated by burrows running through site sediments, and the recent carcass of an unfortunate individual 
noted in a backdirt pile during mechanical stripping.
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Pocket gophers follow a vegetarian diet, preferring roots, bulbs, and tubers. They construct extensive 
tunnels marked by mounded backdirt piles. These rodents are the bane of many southern Arizona garden-
ers and archaeologists alike as they burrow into soft garden soil and devour plants from the comfort of the 
burrows safely underground. Pocket gophers excavate into the strata of archaeological sites where they mix 
sediments, shift small objects, and occasionally die in their burrows. Pocket gopher bones are often therefore 
intrusive, but their presence at archaeological sites can also be the result of human activity. Reports differ 
concerning whether Historical period tribes ate pocket gophers. Rea (1998) reported that the pocket gopher is 
an active figure in O’odham emergence tradition and suggests that this may account, at least in part, for why 
they weren’t eaten. People raided gopher caches for tubers, but the animals themselves were not consumed, 
although Rea (1998:158) noted that one man commented that such fat, clean, vegetarian animals likely tasted 
good. Social rules govern their treatment and molesting the animals is said to have serious consequences. 
Russell’s 1908 observations contradict those of Rea. Russell reported that the Akimel O’odham roasted them 
after extracting them from their holes but also noted that gophers were thought to bring sickness. On the other 
hand, the Northern Tepehuan, although O’odham, had no such rules against injuring gophers. Members of 
the Northern Tepehuan killed and ate gophers, cooking them on spits or boiling them (Pennington 1969). 

In summary, several types of rodents were identified in both prehistoric and Historical period contexts. 
Rodent bones may make their way into archaeological sites through a variety of processes. Some were likely 
intrusive, representing individuals who burrowed down through the strata into the archaeological site and 
died there. Some rodents were attracted to human activity by changes in vegetation, stored seeds, or refuse 
in middens and so may have been coresidents with the human inhabitants. These animals may have died of 
natural causes or may have been killed as pests. Russell (1908:92) noted that Akimel O’odham youngsters 
guarded agricultural fields with bows and arrows, and shot birds and rodents drawn to the growing crops. 
Some rodents may have been brought to a settlement as food for other animals; Yumans brought rats and 
lizards to feed captive hawks (Castetter and Underhill 1935:43). Other rodents may have been intentionally 
hunted and brought to the site, as with the cotton rats taken in fire drives. It would be a mistake to automati-
cally class all rodent bones as intrusive or all as cultural, or indeed, all rodents as the same. Some native 
peoples preferred to eat certain rodent taxa, but other rodents may have been viewed as providers of stored 
seeds, some may have been avoided for ritual reasons, and others may have been considered too small to 
be worth the trouble, except in times of famine. None of the rodent genera identified here appears to have 
made an important contribution to human diet in the Luke Solar project area. That place is held by the vari-
ous species of rabbits and hares.

Rabbits and Hares 

Southern Arizona leporids include multiple species of jackrabbits and cottontails. Jackrabbits, cottontails, 
and unidentified members of Leporidae made up the bulk of the identifiable taxa recovered during the Luke 
Solar project. In all, 591 leporid bones were recovered (see Table 47) in a range of contexts, including ac-
tivity surfaces; FAR concentrations; houses; ground stone caches; postholes; thermal, nonthermal, and bell-
shaped pits; middens; and nonfeature locations. They were the most common of any taxa recovered from 
Chiricahua phase through early-twentieth-century contexts. 

Jackrabbits and cottontails are similar in many ways. Their long ears, elongated hind legs, hopping lo-
comotor pattern, and vegetarian diets make them instantly recognizable, but they have different habits and 
prefer different environments (Hoffmeister 1986). Arizona cottontails (Sylvilagus sp.) generally weigh un-
der 1,140 g, and black-tailed jackrabbits (Lepus californicus) in southern Arizona average 2,300 g. Ante-
lope jackrabbits (Lepus alleni) are restricted to south-central Arizona’s deserts and grasslands. These lanky 
hares are larger and have longer ears than their black-tailed compatriots, and white sides that flash as they 
run, giving them their name. Females average 3,629 g and males 3,719 g (Hoffmeister 1986). They are des-
ert adapted; the blood vessels in their long ears dilate in hot weather and help regulate body temperature 
(Whitaker 1980:363). Antelope jackrabbits may be more social than black-tailed jackrabbits. In the 1930s, 
groups of up to 25 antelope jackrabbits were recorded in Pima County, and when in groups they travel in 
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single file (Hoffmeister 1986:144). These aggregated groups might have been a boon to hunters, potentially 
providing a greater return for expended effort; given both the larger size of these animals and their tendency 
to group, it might have been easier to harvest multiple individuals.

Responses to danger vary between the two genera. Cottontails tend to crouch and hide when threatened, 
whereas both jackrabbit species are adapted for flight when threatened. When disturbed, they may leap into 
the air for a better view of their surroundings before fleeing. Jackrabbits prefer habitats that allow them to 
see longer distances, such as deserts, grasslands, and open scrub. Cottontails prefer more vegetation to hide 
beneath and are therefore more often found in brushy areas, hills, and canyons rather than the more-open 
environments preferred by jackrabbits, although the habitats of the two genera overlap. Cottontails give birth 
to naked, blind young in fur- and grass-lined nests where the babies are hidden and protected until more 
developed. Jackrabbit young are born in open fur-lined burrows covered with fur and with eyes open. Jack-
rabbits dig forms, shallow depressions used as resting places (Hoffmeister 1986), and mother jackrabbits 
distribute the members of a litter over several forms to protect them from predation (Whitaker 1980:346; 
Zeveloff 1988). When possible, antelope and black-tailed jackrabbits were distinguished from one another 
based on measurements found in Gillespie (1988), but the carbonate coating on many of the bones limited 
the opportunity to obtain exact measurements. 

Both eastern cottontails (Sylvilagus floridanus) and desert cottontails (S. audubonii) are found in Mari-
copa County, but according to Hoffmeister (1986), eastern cottontails, the larger of the two species, are only 
found in the northern and easternmost edges of the county. If current environmental conditions approximate 
the relevant paleoecology of LAFB, the cottontail remains from LAFB are most likely desert cottontails. In 
addition, a few specimens of much smaller cottontails were recovered. The tooth row measurements of these 
smaller specimens show rabbits as small as the pygmy cottontail, but this species is restricted to sagebrush 
areas (Hoffmeister 1986). It is possible that environmental conditions have changed over the last 5,000 years, 
and the population distributions may have shifted over time. These tiny rabbit specimens may represent a 
subspecies of the desert cottontail, e.g., the smaller Sylvilagus audubonii minor, found in parts of southern 
Arizona today, or a smaller subpopulation within the larger desert cottontails. Alternatively, they may sim-
ply represent smaller, diseased, or nutritionally stressed individuals. Although only a few of these smaller 
cottontails were identified, long-bone fragments from these individuals could have easily been identified as 
large squirrel-sized bones during analysis and gone unrecognized.

Ethnographic accounts of Historical period Akimel O’odham report that there was no designated season 
for rabbit hunting and that they were hunted year-round (Rea 1998:66). Jackrabbits were taken by individu-
als and communally in drives by the Akimel O’odham and Yumans, using bow and arrow, net, or a special 
curved hunting stick (Castetter and Bell 1951:216; Rea 1998; Russell 1908). Fire was sometimes employed in 
the drives, as were nets (Spier 1978); rabbits were also hunted individually using arrows or other projectiles 
(Rea 1998:136). Cottontails were hunted either by individuals using arrows or communally (Rea 1998:132). 
Cottontails also may have been attracted to gardens where they could have been opportunistically hunted. 
When the Akimel O’odham went on raiding parties, they were required to kill game without using bows, 
arrows, or clubs, and so leporids had to be captured and killed by hand. Rabbits killed in this way were only 
slightly cooked (Rea 1998:58), in contrast to those hunted at other times. Small cottontails could be killed 
with blunt arrows (Russell 1908), dug or pulled from their burrows by twisting an arow in their fur (Spier 
1978), and were taken in rabbit drives along with the larger jackrabbits (Russell 1908). Leporids were fond 
of raiding tepary plantings, and so Yumans protected their gardens by setting traps made from a bent willow 
sapling and wild hemp noose (Castetter and Bell 1951:153).

People prefer different leporid genera for eating, and these preferences are often influenced by both 
culture and the environment. For example, Yumans preferred cottontails to jackrabbits, but jackrabbits were 
more common (Castetter and Underhill 1935:42). Among the O’odham, however, many preferred jackrabbits 
to cottontails for their size and flavor (Rea 1998:133). Leporids were roasted in pits, cooked on a stick, or 
stewed (Castetter and Underhill 1935:47; Rea 1998). These different cooking practices potentially result in 
different archaeological patterns. When leporids or rodents are spitted on a stick and cooked over a fire, the 
connective tissue of the small bones of the extremities may burn or loosen, and these small bones may fall 
into the fire and be lost (Szuter 1989:221). In the Historical period, the Akimel O’odham prepared rabbits for 
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roasting by removing the intestines but leaving on the skins; they were then buried in a trench and covered in 
hot ashes and coals (Webb 1959:15). In a recent account of Akimel O’odham roasting jackrabbits in pits, Rea 
(1998:88–89) noted that after the entrails were removed, the fur was singed off, and the carcass was buried 
in hot ashes. The front and back legs were broken to make it lie properly. The broken limbs of the pit-cooked 
rabbit might be recovered, but it would be difficult to identify isolated fractured long bones as having been 
broken for this purpose and not simply for marrow extraction. Burning was recorded on 42 leporid bones, 
but an additional 134 specimens were so coated with carbonate or stained that it was not possible to iden-
tify presence or absence of burning. The meat, skins, and bones were all important. The Northern Tepehuan 
made sleeping mats from rabbit skins (Pennington 1969), and the Yuma and Akimel O’odham cut skins into 
strips and wove them into blankets (Rea 1998:141; Spier 1978). Rabbit long bones were made into beads, 
tubes, whistles, or other artifacts, and their tails were used for curing in O’odham traditions (Rea 1998). 

Carnivores

Carnivores were represented by dog/coyote, kit fox, and indeterminate carnivores (see Table 47). Dogs, 
coyotes, and wolves are all members of the genus Canis, and it is often difficult to identify fragmentary ca-
nid bones to species, and particularly difficult to distinguish between domestic dogs and coyotes. Four dog/
coyote bones were identified, and four canid (a family containing coyote, wolves, dogs, foxes, and jackals. 
although the last is not indigenous to North America) bones were found. Female coyotes in central Arizona 
average from 17.5 pounds (7.94 kg), and males average 21 pounds (9.53 kg) (Hoffmeister 1986:461).
  Most of the coyote diet comes from meat, including rodents, rabbits, carrion, young artiodactyls, 
and birds, but they can and do eat plants as well. They live in many environments, adapting to deserts, grass-
lands, mountains, and to urban environments today. Coyotes are important in O’odham stories and myths, 
and are moiety mascots. Among the O’odham, coyotes could be killed but not eaten, and various elements of 
the carcass were used in curing (Rea 1998:197). Some were kept as pets among Tohono O’odham (Castetter 
and Underhill 1935:43). 

Dog or indeterminate canid burials have been found in various contexts in southern Arizona sites (Wa-
ters 2005a). Dogs served multiple functions, as companions and in assisting hunters. Omnivorous and social 
like their wild relatives, dogs also acted as scavengers around households or villages, gobbling down organic 
waste and keeping areas relatively clean. They also warned villagers of the presence of enemies (Russell 
1908:84). They are important in O’odham creation stories, and they may have had a ritual role (Rea 1998). 

Dog or coyote and indeterminate canid remains were found in nonthermal pits and in nonfeature His-
torical period and prehistoric contexts at LAFB. Four were found in Feature 1664, a Historical period pit. 
One isolated skull of a juvenile dog or coyote was found in a nonfeature location (discussed below). More 
bones from carnivores or coyote-sized mammals were recovered from Chiricahua phase contexts (36 per-
cent) than any other phase or time period, and most of the Chiricahua phase canid specimens were found in 
Feature 4235, a nonthermal pit. This relatively greater quantity of bone may in part be related to the much 
greater time span of the Chiricahua phase (2,300 years) compared to the other phases investigated here. The 
fragmentary carnivore remains included one burned carnassial fragment. This piece matched that of a coy-
ote but was too small to identify with any confidence. The remaining bones were all burned and less than 
15 mm in maximum dimension. A distal phalanx was found, but no other bone could be identified to element 
(beyond long or flat bone), or to taxon. There was other bone in this Chiricahua phase pit; it was assigned to 
rabbit-sized mammals but was highly fragmented and largely unidentifiable beyond the most general catego-
ries. The exception was a single vertebra of a medium-to-large-sized mammal. All but one piece was burned. 
An unidentified canid radius was found in an undated, nonfeature location, and a proximal metacarpal was 
found in Feature 4370, a nonthermal pit dated to the Cochise period. This piece, covered with carbonate 
and mineral stains, was found with a cranial fragment from a similar-sized mammal, along with 98 pieces 
of bone, including cottontail, jackrabbit, Iguanidae, snake, deer-sized mammal, squirrel-sized mammal, and 
indeterminate leporid. A carnivore ulna fragment was found in Feature 14587, a midden dated to the early 
Chiricahua phase. This bone was a close match with a comparative coyote skeleton housed at the ASM, but 
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the fragment was too small and fragmentary to rule out similar-sized carnivores such as bobcats, and so it 
cannot be confidently identified below the level of family with any certainty. 

Kit foxes live in the desert scrub and grasslands. They typically weigh less than 2 kg and are small, 
light-colored foxes that feed on kangaroo rats and other rodents, rabbits, insects, lizards, and birds. They 
dig dens with multiple openings, with bits of fur, bone, and feathers scattered nearby (Hoffmeister 1986). 
Fox bones assigned to the Chiricahua phase were limited to a whole right unburned calcaneus found in Fea-
ture 14764, an early Chiricahua phase FAR concentration. No other faunal remains were in this feature. A 
partially burned left mandible was found in a poorly dated nonthermal pit (Feature 14932). 

Artiodactyls

Three artiodactyl taxa were identified in this project (see Table 47). Two were recovered from Historical pe-
riod contexts, and the third from prehistoric and undated features. Southern Arizona artiodactyls include four 
similarly sized species: mule deer (Odocoileus hemionus), white-tailed deer (O. virginianus), bighorn sheep 
(Ovis canadensis), and pronghorn (Antilocapra americana). Each has preferred habits and habitats (Burt and 
Grossenheider 1980; Merlin and Siminski 2000). Bighorn sheep, denizens of largely inaccessible rocky areas 
in upland settings, would have been available through long-distance hunting, while pronghorns prefer open 
grasslands. No mountain sheep or pronghorn bones were identified. Deer bone and cervid antler were identi-
fied in prehistoric contexts, and sheep/goat and possible cow bone were recovered from Historical period con-
texts. The deer bone was either mule or white-tailed deer. Mule deer live in lower elevations and canyons, and 
white-tailed deer are generally found at elevations above 1,000 m, but their ranges overlap and hybrids have 
been recorded (Hoffmeister 1986). Mule deer migrate seasonally, up and down in elevation to find forage, and 
they are more tolerant of arid conditions than their white-tailed counterparts. They can survive without drink-
ing water for several days (Rea 1998; Wallmo 1972). White-tailed deer are unable to do so and therefore are 
more likely to be found at higher elevations. Adult mule deer average 45.5–52.3 kg (Rea 1998:238). When 
startled, mule deer bound with stiff legs. White-tailed deer run away. Mule deer have branched antlers, and 
those of white-tailed deer have a main beam. Desert white-tailed deer are smaller than mule deer (Rea 1998). 
Mule deer occupy a special place in Akimel O’odham mythology and, like many animals, are thought to cause 
sickness if treated improperly (Rea 1998). 

Only 157 bones from artiodactyls and deer-sized mammals were recovered, and fewer could be identified 
below the level of order. Bone from deer-sized taxa was usually highly fragmented, and only a few pieces 
could be identified to genus. Deer bone was identified exclusively in prehistoric or undated contexts and all 
were from Falcon Landing, although a single unidentifiable fragment of bone from a deer-sized mammal 
was found in Feature 13 (a house-in-pit) at Site 68. Unlike much of the bone from smaller taxa, some of the 
artiodactyl bone may have been curated bone or antler tools, moved from place to place and may not actu-
ally reflect the presence of an animal killed and brought to the site. Shed antler can be picked up and carried 
home to make into tools without the human ever coming into contact with the rest of the deer. A tool handle 
made from a deer metapodial was recovered from nonfeature contexts, an unmodified distal tibia was found 
in Red Mountain phase nonfeature contexts, and a proximal ulna was found in an FAR concentration (Fea-
ture 10773) that dated to the Cochise. No deer bone could be identified to species. In addition to the prehis-
toric deer bone, a proximal metacarpal fragment from a cow-sized artiodactyl and a right tibia and calcaneus 
from sheep were found in a Historical period pit (Feature 1664) at Falcon Landing. 

Invertebrate Fauna

Invertebrate remains included both native land snails and imported marine shell. Land snails likely repre-
sent intrusive individuals or individuals inadvertently brought to the site clinging to vegetation. These tiny 
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mollusks are unlikely to have been sought out as food sources, and the intact condition of their fragile shells 
also suggests that no effort was made to extract the snails from their shells. Marine shells must have been 
brought to the site by humans. Identified marine shells included at least two genera as well as fragmentary, 
unidentifiable specimens.

Land Snails

Thirty-one land-snail shells and shell fragments were recovered from Falcon Landing. Of these, 19 were iden-
tified as Succinea, and the others were unidentifiable fragments (Table 48; see Table 47). The unidentifiable 
fragments could easily represent Succinea, but their shells were too fragmentary to make that determination. 
Succinea are widespread land snails that prefer “moist, well vegetated habitats adjacent to marshes and wa-
tercourses” (Vokes and Miksicek 1987:178). Because of this preference, they can be used as local environ-
mental indicators. Succinea shells were recovered in structures, intramural and extramural nonthermal pits, 
and in nonfeature contexts. Most were found in the northwestern end of Falcon Landing and may have been 
drawn to the increased moisture in or near the paleochannels/swales (Figure 78). As with the overall faunal 
collection, most of the identified specimens of land snails dated to the Middle or Late Archaic periods, in-
cluding the early Chiricahua phase and Cienega phase. Only a few were attributed to the Historical period. 

Table 48. Land Snail Shells from the Luke Solar Project

Feature Subfeature Provenience Feature Type Level Date Taxon Count Faunal Element Notes

AZ T:7:68 (ASM)

80 284 noncultural 1 n/a Mollusca 1 fragment of land snail 
shell, similar to large 
Succenia

87 165 nonthermal pit 1 Cochisea Mollusca 1 fragment of land 
snail shell, similar to 
Succenia

87 165 nonthermal pit 1 Cochise Succinea 1

AZ T:7:419 (ASM)

1664 1677 nonthermal pit 1 Historical 
period

Succinea 1

2529 20308 house-in-pit 1 Red 
Mountain

Succinea. 1

2602 7572 house-in-pit 1 early 
Chiricahua

Succinea 1

2602 7573 house-in-pit 1 early 
Chiricahua

Succinea 1

2602 8430 8431 nonthermal pit 1 early 
Chiricahua

Mollusca 1 fragment of land snail 
shell

2602 8430 8431 nonthermal pit 1 early 
Chiricahua

Succinea 1

2605 7777 7810 nonthermal pit 1 early 
Chiricahua

Mollusca 1 fragment of land snail 
shell

2605 7777 7810 nonthermal pit 1 early 
Chiricahua

Succinea 1

2622 2853 structure - 
possible

1 early 
Chiricahua

Mollusca 1 fragment of land snail 
shell

4647 9765 nonthermal pit 1 early 
Chiricahua

Mollusca 1 fragment of land snail 
shell

continued on next page
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Shell Artifacts 

Shell artifacts and unworked marine shell fragments included 200 Olivella-shell beads, a single fragment 
of Glycymeris, as well as unidentified nacreous shell (Figure 79; Appendix 4.3). All of the marine shell was 
recovered from Falcon Landing. Taxonomic identifications were verified by Mr. Arthur Vokes of the ASM. 
Olivella beads were classified following the typology developed by Bennyhoff and Hughes (1987). 

Beads

By far, the greatest portion of the shell collection from the Luke Solar project consisted of Olivella spp. beads, 
representing at least two species (O. dama and O. fletcherae), as well as indeterminate Olivella. Olivella 
dama live in Gulf of California tide pools, and O. fletcherae reside in the northern Gulf of California (Keen 
1971; Vokes 2001a, personal communication 2013). 

One spire-lopped Olivella bead was found in the floor fill of Feature 4302, a structure dated to the San 
Pedro phase (1130–1000 cal b.c.). The remaining shell artifacts consisted of 250 beads recovered from the fill 
and mixed sediments of a single nonthermal pit (Feature 18880) and adjacent test-pit excavations (TPs 18816 
and 18847). Intermingled with the Feature 18880 shell beads were 13 disk beads cut from white stone (see 
Chapter 3, Volume 2). This feature produced a 2σ calibrated age range of 1260–1040 cal b.c. This bead-filled 
feature also contained a few bones of cottontail and wood rat, and a fragment of a bone artifact (with grind-
ing traces along one edge) that had been made from a long bone of a deer-sized mammal. The Olivella beads 
from Feature 18880 were not standardized in size, taxa, or overall bead shape. Most were identified only as 
Olivella spp.; at least two species were present, including O. dama and the smaller, more slender O. fletcherae. 

Feature Subfeature Provenience Feature Type Level Date Taxon Count Faunal Element Notes

10118 1940 noncultural 2 poorly dated Mollusca 2 fragment of land snail 
shell

10600 14219 nonthermal pit 1 poorly dated Succinea 1  

10951 16585 noncultural 1 early 
Chiricahua

Mollusca 3 fragment of land snail 
shell

10951 16585 noncultural 1 early 
Chiricahua

Mollusca 1 fragment of land snail 
shell

13018 16165 nonthermal pit 1 poorly dated Succinea 1

14765 18865 nonthermal pit 1 Cienega Mollusca 1 fragment of land snail 
shell

15448 20125 nonthermal pit 1 early 
Chiricahua

Succinea 1

18880 18872 nonthermal pit 1 Cochise Succinea 1

18880 18872 nonthermal pit 1 Cochise Succinea 1

18880 18873 nonthermal pit 1 Cochise Succinea 1

18880 18873 nonthermal pit 1 Cochise Succinea 1

18880 18873 nonthermal pit 1 Cochise Succinea 1

18880 18912 nonthermal pit 1 Cochise Succinea 1

18848 1 Cochise Mollusca 1 fragment of land snail 
shell

18848 1 Cochise Succinea 1

18848 1 Cochise Succinea 1

18848 1 Cochise Succinea 1

18848 1 Cochise Succinea 1

a Archaic-aged material that could not be assigned to a specific phase was classified as Cochise.
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Figure 78. Distribution of land snails and channels.
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Most were spire-lopped beads (see Figure 79a–q), manufactured by cutting, grinding, or breaking away 
the pointed spire but leaving the shells otherwise nearly complete. Caution must be applied in reconstruct-
ing the manufacturing stages because the spires of some shells may have broken away before the shells 
were retrieved by humans (Rosenthal 2006). Among the spire-lopped beads were three barrel beads (see 
Figure 79r–t). Spire-lopped beads were modified at only one end, but barrel beads were modified at both 
ends; the spire was removed, and the opposite end was also ground down producing a shorter, wider bead 
compared to the simple spire-lopped beads. One barrel bead was made from an O. dama shell, the other two 
could not be identified to species. The shell and stone beads may have represented a single artifact, such 
as a complete necklace, or several smaller artifacts such as multiple strands. Unfortunately, there was no 
evidence to further identify the type or number of artifacts. The lengths of the spire-lopped beads ranged 
from 6.1 to 19.4 mm, and the lengths of the few barrel beads ranged from 5.9 to 7.9 mm. Interestingly, the 
stone beads from Feature 18880 were much more standardized than the shell; because they were cut from 
stone, the craftsperson may have had more control over bead shape than did the shell worker who was de-
pendent on the size and shape of the animal shell. The shell condition was also quite variable. All of the 
shells from this feature were the same white color as the stone beads, but a few O. dama beads from this 
feature retained faint shadowy traces of their original color and patterning. The natural gloss remained on 
a few shells, providing a surface shine that suggested polishing at first glance, but others were worn, pit-
ted, and eroded and were likely rolled, worn, bleached, and battered by waves, sand, and sun for a time 
before the shell was picked up for human use along the shoreline. There was no evidence for the on-site 
manufacture of shell artifacts.

Other Shell Artifacts

One small Glycymeris shell was recovered from a Cienega phase (720–200 cal b.c.) nonfeature context. 
These bivalves live in the Gulf of California (Vokes 2006), and the Hohokam commonly made them into 
bracelets (Vokes 2006). This piece, however, was broken on all sides and no cut marks or signs of manufac-
ture remained. It could not be determined if this represented an artifact (e.g., a bracelet), unworked shell, 
or manufacturing debris. A few deteriorated, delaminated nacre fragments were recovered from an extra-
mural thermal pit (Feature 10131), which produced a 2σ calibrated age range of 1260–1040 cal b.c. Very 

Figure 79.  Olivella dama spire-lopped beads: (a) Catalog No. 040010BAF, (b) Catalog No. 
040010BAB, (c) Catalog No. 040010BBB, (d) Catalog No. 040010BFA, (e) Catalog No. 040010BAD, 

(f) Catalog No. 040010BBA, (g) Catalog No. 040010BAC, (h) Catalog No. 040010BAE, and (i) Catalog 
No. 040010BAA; O. fletcherae spire-lopped beads: (j) Catalog No. 040010BB2, (k) Catalog 

No. 040010BB3, (l) Catalog No. 040010BE2, (m) Catalog No. 040010AF2, (n) Catalog No. 040010819, 
(o) Catalog No. 04001031A, (p) Catalog No. 040010AE6, and (q) Catalog No. 040010AF3; and barrel 
beads: (r) Catalog No. 04001008E, (s) Catalog No. 0400102F8, and (t) Catalog No. 040010B7E. All 

beads were recovered from Feature 18880, Falcon Landing.
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little can be interpreted from these tiny pieces, and no other fauna was found in this pit. Another, slightly 
larger fragment of nacre was found in the artifact-rich deposits of TP 8230, dating to the Cienega phase 
(720–200 cal b.c.). These fragments could have been either a nacreous marine shell representing Haliotis or 
Anodonta, the local freshwater mussel shell. Prehistoric residents of southern Arizona made artifacts from 
both local and imported taxa (Vokes 2005).

Chronology and Comparison with other Sites 

Shell artifacts are relatively common in the large Late Archaic/Early Agricultural period sites in the Santa 
Cruz floodplain but are found in smaller quantities and with less variety of form in smaller sites. Desert 
Archaeology’s excavation of San Pedro phase contexts at Las Capas produced a collection of 78 marine or 
freshwater shells, artifacts, or fragments, dominated by Laevicardium, Olivella, and unidentified nacreous 
shell, a few Pteria/Pinctada, and one specimen each of Trachycardium, Sonorella, Agaronia, Vermetidae, 
and Anodonta (Vokes 2005). The collection included cut-ring beads, geometric pendants from nacreous 
shell, and Olivella spire-lopped beads. Excavations by SWCA Environmental Consultants (SWCA) at the 
same site recovered 6 Olivella barrel beads dating to the early San Pedro phase, as well as nacreous shell 
beads, and a single piece each of Laevicardium, Trachycardium, and Vermetus (Urban and Whittlesey 2010). 

The Cienega phase deposits at Los Pozos contained 764 shell artifacts. Olivella and Laevicardium shell 
remained common in the Cienega phase at Los Pozos (Vokes 2001c). Vokes (2005) notes that the end of 
the Early Agricultural period brought a number of changes to the shell artifacts in southern Arizona. Late 
Cienega phase shell from Los Pozos included a wider variety of taxa and artifact types than were seen in San 
Pedro phase contexts, and it is in these Late Cienega phase contexts that Glycymeris artifacts are more likely 
to be found, although Glycymeris shell bracelets did not become common until later times (Vokes 2005). 

Vokes (2001c) compared ratios of nacreous to non-nacreous shell in Middle to Late Archaic and Early 
Ceramic period contexts from the Milagro, Wetlands, Santa Cruz Bend, Stone Pipe, and Los Pozos sites and 
found that nacreous shell made up a larger proportion of the shell in the Early Agricultural period compared 
to the Early Ceramic, pre-Classic, and Classic periods. The nacreous shell from these sites, as well as Las 
Capas, were Haliotis from the California coast and Anodonta (Vokes 2001c, 2005). Vokes also observed 
that as the frequency of nacreous shell decreased the frequency of whole-shell beads increased. Overall, the 
use of nacreous shell declined in the Early Ceramic period (Vokes 2005), but it did not completely disap-
pear, and its use continued into the Historical period. In 1700, Father Kino recorded Haliotis shell among 
the Yuma and Cocomaricopa, who reported that they acquired the shell over trade routes linking them with 
the Pacific Coast (Di Peso 1956). The marine shell from Early Agricultural period villages may indicate 
that the people of the Tucson Basin also participated in these, or similar, exchange systems (Vokes 2001c). 
Several other artifact types were recovered at the large Early Agricultural period sites in the Tucson Basin 
but were not found in the Luke Solar project area, including pendants cut from unidentified nacreous shell, 
as well as Laevicardium, Acmaea, and Sonorella (Vokes 2005).

Not surprisingly, shell artifacts are less abundant at smaller sites. The shell artifact collection from El 
Taller is relatively scanty (Vokes 2007). This multicomponent site, located on the middle Santa Cruz flood-
plain in Tucson, produced only one shell artifact: an Olivella dama bead recovered from an early San Pe-
dro–aged pit. An additional 11 shells and shell fragments from San Pedro phase contexts were identified as 
Helisoma, a freshwater snail. 

The quantities of shell ornaments increased over time in sites in the Queen Valley–Queen Creek portion 
of the U.S. 60 project (Griffitts 2011a), with a single specimen dated to the Cienega phase, more dated to 
the Red Mountain phase, and the greatest number dated to the Sacaton phase. Artifacts of Olivella fletcherae 
may also be associated with later time periods in southern Arizona, especially the Classic period (Arthur 
Vokes, personal communication 2013). A few shell beads were found during the U.S. 60 project, including 
spire-lopped beads found in Red Mountain phase and indeterminate prehistoric contexts at Finch Camp. Four 
Olivella barrel-shaped beads and one spire-lopped bead were also found in the fill and floor fill of a Sacaton 



 256

phase structure at Carbonate Copy, another site excavated during the U.S. 60 project (Griffitts 2011a). Shell 
beads also were recovered from Santa Cruz and Sacaton phase contexts at Snaketown (Gladwin et al. 1965). 

The popularity of various types of shell artifacts waxed and waned over time in southern Arizona. Al-
though Olivella spire-lopped beads are found in Late Archaic/Early Agricultural period contexts, other arti-
fact types are often more numerous. Simple spire-lopped Olivella beads, such as those recovered at Falcon 
Landing, made up 18 percent of the shell from San Pedro phase contexts in combined collections from Desert 
Archaeology and SWCA excavations at Las Capas (Vokes 2005), and a spire-lopped O. dama bead was the 
only shell artifact recovered from the San Pedro phase at the El Taller site (Vokes 2007:152). Olivella whole-
shell beads were found in Cienega phase contexts at the Stone Pipe and Santa Cruz Bend sites along the 
middle Santa Cruz River in Tucson (Vokes 1998). But, despite their presence during the Late Archaic/Early 
Agricultural period, Olivella spire-lopped beads by themselves are not time diagnostic in the Tucson Basin. 
They appear early, but are present in varying proportions into the Classic period (Vokes 2001). Olivella bar-
rel beads are more commonly associated with later times, in particular the middle Sedentary through Classic 
periods (Vokes 2001; personal communication 2013). However, fewer whole-shell beads have been found 
in southern Arizona sites outside of the large sites in the Tucson Basin floodplain (Vokes 2005).

Olivella beads are common outside of southern Arizona as well. R. Nelson (1991:58–59) reviewed shell 
collections from 123 sites in his study of Hohokam marine shell. Olivella beads were recovered from between 
77 and 92 sites in the U.S. Southwest and northern Mexico. Although he focused on Hohokam sites, Nelson 
found Olivella beads from Basketmaker II to Pueblo IV contexts across the Colorado Plateau. In southern 
Arizona, he noted Hohokam use of Olivella started during the Vahki phase and persisted into the Civano 
phase but that barrel beads were only recovered from Santa Cruz phase and later contexts. Barrel beads were 
found in 11 sites, and nearly all were found in mortuary contexts. In the middle Santa Cruz River valley, and 
possibly near Gila Bend, the greatest numbers were recovered from Classic period contexts. Spire-lopped 
beads were found at more sites than barrel beads, but there were about four times as many barrel beads as 
spire-lopped. In contrast to the barrel beads, less than half of the spire-lopped beads were found in mortuary 
contexts. Nelson’s comprehensive study, though, focused on sites dating to the Pioneer period or later and, 
moreover, was conducted before many Late Archaic/Early Agricultural and Middle Archaic sites were exca-
vated. Artifacts made from O. fletcherae are uncommon in the Luke Solar project area, and Vokes (2001a:355) 
noted that the 15 shell beads found in the Tonto Creek Archaeological Project excavations marked the first 
identification of this species in the U.S. Southwest. Olivella fletcherae artifacts were identified in Sedentary 
and Classic period contexts by the Tonto Creek Archaeological Project, and at least one O. fletcherae shell 
was found among the beads in a Classic period inhumation (Clark et al. 1998; Vokes 2001a). 

The Olivella and indeterminate nacreous shell from Falcon Landing were consistent with shell from 
the Early Agricultural period sites along the middle Santa Cruz River, although O. fletcherae was an un-
usual species for this time. The few barrel beads from Falcon Landing were also uncommon, although not 
unknown, during earlier periods. The Cienega phase date of the single Glycymeris specimen from Falcon 
Landing was in line with previous observations from the Tucson Basin, where this taxon was more common 
during the Cienega than San Pedro phase. 

The Glycymeris shell fragment from Falcon Landing may indicate participation in the trade routes that 
extended inland from the Pacific Coast (Vokes 2005). The fragments of nacreous shell could represent marine 
taxa, but they could also have been more locally available Anodonta. If it represents the latter, the mobile 
residents of these sites may have harvested the shellfish for food and raw materials from the nearby Agua 
Fria River or other appropriate waterways. Alternatively, such freshwater shell could have been acquired 
by trade. If these nacreous shell fragments represent marine taxa, any meat, unless dried, would have had 
to have been consumed long before the shells reached the Phoenix Basin. In Historical period times, the 
Tohono O’odham and Akimel O’odham travelled to the Gulf of California for salt and shell (Vokes 1998), 
and it is possible that some of the Middle Archaic period occupants of Falcon Landing also made their way 
to the Gulf of California, or the shell may represent participation in a regional exchange network. Whatever 
the means of shell transportation, the marine shell recovered from the Luke Solar project area is evidence 
of some sort of contact between the people of the Sonoran Desert and the Gulf of California or Pacific 
Coast. Even the single bead from Middle Archaic period contexts indicates some connection with the Gulf 
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of California, although whether that connection occurred as person-to-person contact, personal pilgrimages 
or other journeys to the ocean, or through trade is unknown. 

Bone Artifacts 

Bone artifacts from the Middle Archaic period tend to be few and fragmentary, and consequently, use of bone 
tools during this period is poorly documented. When found, collections of bone tools are generally composed 
of a few awl fragments, bead/tubes, and an occasional tip of an antler flaker. During the present project, 12 
bone artifacts were recovered (Figure 80; Table 49), although only a few could be securely dated. Bone arti-
facts were found only at Falcon Landing and included both utilitarian and nonutilitarian artifacts. Use-wear 
analysis was conducted on a few specimens using high-power optical microscopy with an Olympus OHM-J 
metallurgical microscope, but most pieces were too covered with carbonate or otherwise damaged for use-
wear analysis to be productive. In those cases where use-wear analysis could be conducted, patterns seen 
were compared with those on a reference collection of approximately 200 specimens with replicated wear 
patterns and a few ethnographic specimens (for further details, see Griffitts 2006, 2011a).

Beads

Two fragments of tubular bead were recovered, both from poorly dated contexts. Although both were recov-
ered from extramural thermal pits, Features 3109 (920 cal b.c.–cal a.d. 1520) and 18177 (a.d. 610–1220), 
neither was burned. Both were lightly polished. Both were made from mammal bone, but neither could be 
identified to taxon beyond the general size class of squirrel-sized and rabbit-sized mammal (see Table 49). 
One, from Feature 18177, was split lengthwise, but retained both ends, showing that it was originally a short 
wide bead (see Figure 80a). Both ends were beveled and seem to have been ground and rounded, although a 
light, patchy covering of carbonate limited visibility. The other bead was more fragmentary (see Figure 80b). 
The remaining end, too, was beveled, but the edge was sharper and retained the shape left by cutting using 
the groove-and-snap process. Other beads or small artifacts and fragments may have been present but were 
invisible under the heavy layer of carbonate that coated many bones.

Utilitarian Artifacts 

Utilitarian artifacts included three awl tips made from artiodactyl long bones. Two were covered with car-
bonate to the extent that use-wear analysis was impossible. Two had sharp tips and round cross sections. One 
was found in Cochise contexts in activity area Feature 10599 (2570–790 cal b.c.), and another was from a 
nonfeature context dating to the Cienega phase (720–200 cal b.c.) (see Figure 80c, d). The third awl tip, more 
fragmentary than the others, was from Feature 4625, a poorly dated FAR concentration (cal a.d. 1220–1520). 
This piece was split longitudinally so the original cross section could not be determined. It was unburned 
and lacked the heavy carbonate that covered the others, so it was possible to examine it for microwear. Use 
wear was visible at 100× and included fine, long, longitudinal (that is, oriented along the long axis of the 
tool) striations in a light polish. The appearance was somewhat like that formed through contact with softer 
materials such as leather or hide (see Griffitts [2006] for discussion of levels of magnification and identi-
fiability of manufacturing and use traces). Unfortunately, the exact uses of the two more-complete pieces 
could not be determined because they were covered with carbonate. 

A probable flaker made of antler tine was recovered from a charcoal or ash lens (Feature 19503, 
2400 cal b.c.–a.d. 610) (see Figure 80e). This poorly dated piece was unburned but deteriorated, with ro-
dent gnawing crossing the remaining battered and polished cancellous surfaces above the tip. The tip itself 
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Figure 80. Bone and antler artifacts from Falcon Landing: (a) bead fragment 
(Catalog No. 04001016C) from Feature 18177, (b) bead fragment (Catalog 

No. 04000CFD9) from Feature 3109, (c) awl tip (Catalog No. 04000F244) from 
Feature 10599, (d) awl tip (Catalog No. 04000C4AB) PD 5346, (e) probable flaker 
(Catalog No. 04000FABA) from Feature 19503, (f) tool handle and shaft (Catalog 
No. 04000EB54) from Feature 12294, and (g) possibly polished bone fragment 

(Catalog No. 04000C5FA) from Feature 5509.



 259

Table 49. Bone and Antler Artifacts from the Luke Solar Project

Location
Feature Type Period or Phase

Names and Element Artifact Measurements
Tip Measurement 
(5 mm from tip)

Notes
Feature/ 
Subfeature

Provenience Level Scientific Name Common Name Element
Bone Artifact 

Type
Bone Artifact 

Portion
Length 
(mm)

Width (mm)
Thickness 

(mm)
Tip Width 

(mm)
Tip Thickness 

(mm)

2020 Artiodactyla (deer size) deer-sized, even-toed, 
hoofed mammal

metatarsal indeterminate fragment 29.7 6.5 9.0     Cut/sawn on one edge; could be 
shaft/handle or manufacturing 
debris. 

2399 Odocoileus mule- or white-tailed 
deer

metapodial 
condyle

handle base only 25.4 18.9 16.3     Light grinding on edges.

5346 1  Cienega Mammalia (deer size) deer-sized mammal undiagnosed awl tip fragment 17.8 5.7 5.9 3.6 3.6 Covered with carbonate, tapered 
point, round cross section.

Feature 1244/ 
Subfeature 5509

5510 1 bell-shaped non-
thermal pit

late Chiricahua Mammalia (deer size) deer-sized mammal long bone indeterminate fragment 53.4 14.7 2.5     Polish on high points across corti-
cal side, additive “polish” on can-
cellous side; possible tool.

3109 8616 1 thermal pit poorly dated Mammalia/Aves 
(squirrel-size)

squirrel-sized mammal long bone bead fragment 10.5 2.3 5.9     Very thin walled, polished, one 
end is beveled, carbonate present; 
2 pieces fit together,

4625 6869 1 FAR 
concentration

poorly dated Mammalia (deer size) deer-sized mammal long bone awl tip fragment 18.3 3.8 2.6     Fine longitudinal grinding on one 
side, split longitudinally, light car-
bonate deposits, use wear includes 
fine, closely packed longitudinal 
striations visible at 100×; possibly 
used with a soft material.

10599 16913 1 activity surface Cochisea Mammalia (deer size) deer-sized mammal long bone awl tip fragment 33.2 6.4 5.9 2.6 2.6 Awl tip, fine point, tapered tip, 
round cross section, covered with 
carbonate; exact measurements not 
possible. 

12294 16220 1 thermal pit poorly dated Mammalia (deer size) deer-sized mammal long bone handle/shaft medial only 81.9 7.4 10.8     Groove and snap along one side, 
too much carbonate to see other 
manufacturing traces, shaft/ han-
dle, tapers slightly to broken end; 
likely awl or narrow spatulate tool.

18177 20982 1 thermal pit poorly dated Mammalia (rabbit size) rabbit-sized mammal long bone bead fragment 10.1 7.2 3.6     Short tubular bead, split in half 
longitudinally but both ends 
present.

18203 20806 1 nonthermal pit poorly dated Mammalia (deer size) deer-sized mammal long bone indeterminate fragment 13.5 4.3 2.6     Fragment is burned and shiny but 
retains a few longitudinal grinding 
marks.

18880 18873 3 nonthermal pit Cochise Mammalia (deer size) deer-sized mammal long bone indeterminate, 
possible awl 

fragment 12.3 2 1.8     Grinding patches, one area of 
longitudinal striations and polish 
visible at 100×, carbonate present 
in patches.

19503 19522 1 charcoal/ash lens poorly dated Cervidae (deer size) deer family antler flaking tool tip 21.3 4.8 7.8 4.8 4.2 Probable flaker tip, rodent gnaw-
ing present, more or less round 
cross section. 

Key: FAR = fire-affected rock
a Archaic-aged material that could not be assigned to a specific phase was classified as Cochise.
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was largely undamaged, as were a few patches above the tip. When viewed under magnification, the tip was 
gouged, with large, wide, shallow, sharp-edge striations running irregularly longitudinally and diagonally, 
and with flat-edge gouges at the end of the tip similar to those produced by flaking. Deer use their antlers 
for a variety of tasks and can create battered, broken ends as well (Olsen 1989), but the pattern seen on the 
archaeological specimen strongly suggested pressure flaking. The piece was too small and damaged for a 
definitive interpretation, so the identification remains tentative.

A few other fragmentary artifacts were recovered. One was probably an awl handle and shaft, or perhaps 
the handle/shaft of a very narrow spatulate tool (see Figure 80f). Although other studies have shown that the 
shafts of many awls received some use, the carbonate covering this piece precluded use-wear examination. 
A second fragment was too small to identify the original shape but it retained slight lipping from groove-
and-snap cutting along one side and a few longitudinal grinding traces. This piece was recovered from an 
undated nonfeature context. An artiodactyl metapodial condyle, also from an undated nonfeature context, 
was slightly ground on one edge and was probably the handle end of a tool. Two more pieces had to be scru-
tinized closely to identify that they had been shaped. A small burned fragment from Feature 18203 (a poorly 
dated nonthermal pit, 2400 cal b.c.–cal a.d. 610) was identified as a probable artifact, retaining very faint 
grinding traces along one side. Another fragment had a few small patches of grinding that were visible be-
tween areas of carbonate and one polished area with longitudinal striations visible at 100×. This piece may 
have been a fragment of an awl tip and was recovered from Feature 18880, which produced a 2σ calibrated 
age range of 1260–1040 cal b.c. It was associated with more than 200 shell beads. 

Finally, an intriguing but ultimately baffling specimen was recovered from Subfeature 5509, a bell-
shaped intramural pit from a late Chiricahua phase structure (Feature 1244) that produced a 2σ calibrated 
age range of 1390–1210 cal b.c. (see Figure 80g). This specimen consisted of a flat-sided, broken section of 
long bone, possibly a tibia, with what appeared to be “polish” on high points of the cortical surface, edges, 
and over much of the cancellous surface. No definite cutting, grinding, or other signs of manufacture were 
visible. The polish differed in appearance under magnification. In some areas, it appeared to be much like 
heavy use wear, with striations running transverse in some areas, in particular near the wider end, and lon-
gitudinally in others. But, over much of the object, the polish consisted of a thick, shiny additive substance. 
The additive quality of this polish was apparent under magnification where it could be seen to fill in cracks 
in the bone. The coating was noted also during excavation. Longitudinal and diagonal striations appeared 
on top of the additive polish. Heavy additive coatings were produced experimentally during tasks involving 
juicy silica-rich plants, such as husking fresh corn and then leaving the tools to dry without washing. Under 
magnification, this bone surface was similar to such coatings. It could be that the site’s residents used this 
bone for some task involving juicy plants or plant sap. But, it is unknown whether such deposits would have 
preserved through centuries underground. It is unlikely to represent a gaming piece, based on the lack of 
manufacturing marks. No effort was made to scrub away the coating in the field, and in fact, it was wrapped 
in cotton and placed in a vial for protection. The bone was stained on the cortical side and the two ends, 
although more heavily stained on the narrower, beveled end. This could have been an artifact, or it is pos-
sible that some unknown noncultural formation process deposited the coating on the bone. At this time, the 
identification remains unknown. No other faunal bones were recovered from this feature. 

Archaic Period Bone Artifacts

The use of bone tools during the Middle Archaic period is poorly understood. As noted above, evidence 
of bone technology has been found only rarely, and when found, the collections tend to be small and frag-
mentary. Unfortunately, during the present project, only one artifact, an indeterminate tool fragment with 
a strange additive polish could be securely dated to the Chiricahua phase, although most of the other bone 
artifacts fell into time ranges that included both the Middle and Late Archaic. A few bone tools have been 
found in the Tucson Basin, and seven bone tools were recovered from the Middle Archaic components at 
Los Pozos (Gregory et al. 1999), including three indeterminate fragments, two tool midsections, an awl tip, 
and a possible antler flaker. A few bone artifacts were also found in Middle Archaic contexts at Las Capas 
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(Chapin-Pyritz 2007:311), including one awl and one indeterminate bone artifact recovered from Middle 
Preceramic contexts, and another awl found in Middle Preceramic/early San Pedro deposits. 

Even less is known about the use of bone tools during the Archaic period in the Phoenix Basin. Exca-
vations at the Archaic sites nearest to the Luke Solar project area have generally produced fewer bone arti-
facts than the larger excavations at the Early Agricultural period sites along the middle Santa Cruz River in 
the Tucson Basin. No bone artifacts were reported in the highly fragmented bone from the Middle and Late 
Archaic period and Red Mountain phase deposits of the Last Ditch site (Hunter 1998; Phillips et al. 2001; 
Rogge 2009). The Last Ditch site is interpreted as a plant-processing camp located on the lower bajada of 
Paradise Valley in the Phoenix Basin. Nor were bone artifacts reported at site AZ T:4:122 (ASM) (Potter 
2000; Potter and Fox 2000), located on Deadman Wash about 19 km (12 miles) north of Glendale, Arizona. 
This site contained Archaic/Red Mountain phase and Hohokam components. As with Falcon Landing, 
ground stone artifacts were common, and the site is interpreted as a campsite where people procured and 
processed plant resources. Site AZ T:11:94 (ASM), located near the confluence of the Salt and Gila Rivers 
in the Phoenix Basin, contained Early Archaic period and Hohokam components, and it is also interpreted 
as a locale for collecting and processing plant foods. A few faunal bones and three Glycymeris shells were 
found, but no bone artifacts were recovered (Graves et al. 2009; Graves et al. 2011). Nor were any bone ar-
tifacts recovered in the Archaic/Red Mountain phase contexts excavated at the Phoenix Convention Center/
Pueblo Patricio (Hackbarth 2010). 

Archaic contexts examined in the Picacho Reservoir Archaic Project produced a few artifacts, including 
two possible awl fragments from the Buried Dune site, a drilled jackrabbit calcaneus from the Arroyo site, 
and an awl tip from AA:3:1 (Bayham 1986b). No bone artifacts were reported from several Archaic sites in 
the Harquahala Valley investigated in the 1980s (Bostwick and Hatch 1988). Further to the south, three awl 
fragments and an unidentified cut and polished bone were recovered at the Fairchild site (Windmiller 1973), 
a transitional Chiricahua–San Pedro campsite in the Sulphur Spring Valley.

Bone artifacts have been encountered more frequently in the larger Late Archaic/Early Agricultural 
period sites along the middle Santa Cruz River in Tucson, where literally hundreds of artifacts were recov-
ered. Awls and beads remain among the most frequently identified, although the proportions of beads to 
awls and other artifacts vary considerably from site to site. Beads, tubes, and manufacturing debris made up 
only 4 percent of the 291 bone artifacts from the Late Cienega phase at Los Pozos, compared to 106 awls 
and awl tips (36 percent). Tubular beads made up 10 percent (n = 18) of the 190 bone artifacts from San 
Pedro phase contexts at Las Capas compared to 73 awls or awl tips (38 percent) (Griffitts and Waters 2005; 
Waters 2005b), but the proportion of beads rises to 14 percent when 10 disk beads are included. Other ma-
jor artifact types from these sites include spatulate tools (found largely but not exclusively in Los Pozos), 
bone and tortoise-shell disks, edge-used tools, socket handles, and enigmatic balls made from femur heads. 

Beads, tubes, and bead/tube manufacturing debris made up 20 percent of all bone and antler artifacts from 
early San Pedro phase contexts at Las Capas in SWCA’s excavations (Chapin-Pyritz 2007). In all, SWCA re-
covered 84 bone and antler artifacts associated with the early San Pedro phase component, including 17 awls, 
2 spatulas and a possible third spatula, 3 possible scrapers, 2 possible chisels, 37 antler tools, 10 beads and 
fragments, 1 tube, 6 pieces of bead stock or manufacturing debris, 1 shaped animal tooth, and 4 unknown. 
Awls made up 19 percent of the early San Pedro phase bone and antler artifacts, and the combined category 
of beads, tubes, and bead/tube manufacturing debris contributed another 19 percent. Forty-one percent of 
the collection was antler artifacts. Eleven of the antler artifacts were shaped into possible spatulate tools, 
and the others were unidentified. 

Three beads and 4 tubes were recovered from Cienega phase contexts at the Santa Cruz Bend site, mak-
ing up 10 percent of the total worked antler and bone artifacts, which included 39 pointed tools, 2 spatulas, a 
rasp, 2 socket handles, 14 indeterminate-shaped bones, and 4 shaped antlers (Mabry, ed. 1998a; Thiel 1998). 
The faunal collection at Stone Pipe, dating to the Cienega/Agua Caliente phases, was smaller, with only 
24 artifacts, including only 1 tube, but 10 pointed tools, and 13 indeterminate pieces (Thiel 1998). In contrast, 
Late Archaic period contexts at Coffee Camp yielded 14 artifacts, including 5 tubes, a tube blank, 2 awl frag-
ments, and a shaped deer antler fragment (James 1993), reversing the previous pattern with 43 percent tubes 
compared to 11 percent awls. Tubular beads outnumbered other artifacts at El Taller, where tubular beads 
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and manufacturing debris greatly outnumbered awl fragments in San Pedro phase deposits (Dean 2007a). 
One awl fragment was recovered from Middle Archaic period contexts at El Taller (Dean 2007a), and this 
single artifact made up the extent of the Middle Archaic period bone artifacts from this site. Two more awls 
were found in early San Pedro phase contexts at El Taller, which contained a total of 2 awls, 1 bell-shaped 
bead or pipe bowl, 9 beads or bead fragments, and a piece of bead-manufacturing debris.

In the U.S. 60 project, archaeologists recovered small bone and antler artifact collections from Cienega 
and Red Mountain phase contexts. Eighteen bone artifacts were recovered from Late Cienega phase features 
at Finch Camp (Griffitts 2011a), including eight awls or awl fragments, one tube, and one tube notched on the 
side to produce a whistle. Other objects included two spatulate tools, an edge-used tool, and broken handles 
and shafts. Six more artifacts from Late Cienega to Red Mountain phase contexts included two additional 
awls but no beads or tubes. Red Mountain phase contexts at Finch Camp produced 17 artifacts, including 
5 awls and 2 tubes, and Red Mountain phase contexts at Bighorn Wash included a single awl, two spatulate 
tools, and two handle and shaft fragments. 

Although small collections of bone artifacts often tend to have similar composition—a few awls, beads, 
a flaker, some indeterminate bone—larger collections indicate that the tools were far from standardized. In 
larger collections, we find awls, beads, and flakers, but other objects as well. Some are unique to particular 
sites or components, e.g., the balls made from femoral heads that were recovered at Los Pozos; others are 
found across sites but are less common. The differences in artifact types between sites or components sug-
gest some variation in importance. As noted above, the Early Agricultural period component at Los Pozos 
contained dozens (n = 40) of balls made from femoral heads, enigmatic objects produced by removing the 
heads from artiodactyl femora and carefully grinding them into round balls, but none were recovered in the 
earlier Middle Archaic period contexts at this site, and only one was found in late San Pedro phase contexts 
at Las Capas. Antler artifacts take the lead in the early San Pedro phase component excavated by SWCA at 
Las Capas, but they were much less important in the earlier excavations by Desert Archaeology, which in-
cluded some early San Pedro phase, but a higher proportion of late San Pedro phase contexts (Griffitts and 
Waters 2005). Chisel-ended tools, many of which retained wear suggesting woodworking, were more com-
mon in Los Pozos than at Las Capas.

Bone artifacts were uncommon at Falcon Landing, but given the amount of bone that was recovered, it 
seems unlikely that the paucity of bone artifacts was entirely caused by lack of preservation. Artiodactyls 
often make up only a very small fraction of Middle Archaic period faunal collections, and perhaps the pau-
city of bone tools may in part be related to the availability of raw material. Bones of larger taxa are needed 
for certain tools, and if the raw material was not available, then the Middle Archaic people may have cho-
sen other materials for their awls, beads, and scrapers. Haury (1976) suggested that the Hohokam may have 
relied on desert hardwoods for their awls, and these may well have been an adequate substitute for the rarer 
artiodactyl bone for at least some tasks. Additionally, the artifacts left behind in a temporary habitation may 
not be a representative sample of the technology in use by the people. They may represent only those ob-
jects broken, lost, worn out, or otherwise discarded during the period of occupation. Ethnographic studies 
indicate that some bone tools could be curated for years, or even decades (Hiller 1948; Steinbring 1966). If 
good raw materials were in short supply, then tools could be curated and carried from place to place over 
time, leaving only those pieces broken beyond repair. In special-use sites, the women and men performing 
their particular tasks may not have had the need to use every piece in their tool kits. For example, at sites 
that people customarily revisited yearly to process quantities of mesquite beans, they may have only rarely 
needed their equipment to process hides, and so these tools would have been less likely to wear out or break 
than those that they used every day. In short-term habitation sites, there may have been less opportunity for 
tools to break and be left behind than at a longer-term occupation, and artifacts left behind may not indicate 
the importance of particular technologies in everyday life. 
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Isolated Canid Skull

One isolated cranium from an immature canid was recovered in a nonfeature context at Falcon Landing 
during mechanical stripping. The mandible was absent, and no postcranial remains were found with or near 
the skull. The skull was hit by the backhoe, and given the fragmentation and the young age of the animal, it 
was not possible to confidently identify at the species level. The first permanent molar was in the process of 
erupting, the fourth premolar was visible beneath the deciduous premolar, and deciduous canine roots were 
resorbing. If this individual represented a domestic dog, it would have been aged around 5 months old, or a 
little less, based on tooth eruption ages (Hillson 2005). Coyote teeth appear to erupt on a similar, or slightly 
earlier eruption schedule (La Croix et al. 2011). This skull was compared to a 6-month-old coyote skull at 
the ASM zooarchaeological collection and it had a shorter, wider face than the coyote, as one would expect 
with a domestic dog. Although it looked somewhat more like a dog than a coyote, no definitive determina-
tion was possible and it was classified as an indeterminate canid. If this cranium represents a cultural event, 
it may be an early example of a burial of a canid skull, similar to those noted in later periods; however, it 
was found in a nonfeature location. The skull most likely originated from Stratum IIA (2870–2400 cal b.c.), 
dating it to the Chiricahua phase. 

This skull is of particular interest because canid burials and isolated canid skulls have been found oc-
casionally in Late Archaic/Early Agricultural period and later sites (Waters 2005a), and it is not clear when 
such practices began in southern Arizona. Some burials and crania have been recovered in what seem to be 
special contexts and may represent ritual deposits, other individuals may represent pets or companions, and 
some may simply reflect carcass disposal in trash pits or middens. An adult dog cranium was found in a pit 
in San Pedro phase contexts at the Costello-King site (AZ AA:12:503 [ASM]) (Ezzo and Stiner 2000; Wa-
ters 2005a). Isolated canid skulls were also recovered at Las Capas. Two skulls from Las Capas were found 
in an extramural pit, and two others from nonfeature locations, as was this canid from the present project. 
The four Las Capas skulls were fragmentary and could not be firmly identified to species (Waters 2005a). 
Dog or canid burials have been reported in Cienega phase contexts at Santa Cruz Bend (AZ AA:12:746 
[ASM]) and the Donaldson site (AZ EE:2:30 [ASM]), and in Early Ceramic contexts at Houghton Road 
(Cairns and Ciolek-Torello 1998:175–179). Two possible canid burials were identified at Finch Camp. One 
was found in indeterminate Cienega/Red Mountain phase contexts, and the other was assigned to the Red 
Mountain phase (Griffitts 2011). The context of the Falcon Landing skull is unclear. It was not located near 
any structure or other features, and it could not be determined if it represented a special deposit, a skull that 
was discarded by humans, or simply a young canid that died naturally and was disarticulated and buried by 
noncultural processes.

Vertebrate Fauna from Site 68 

Vertebrate faunal remains were dominated by mammal bones, although amphibian, reptile, and bird bones 
were also present. The bones represented at least 12 orders and 19 identified genera (see Tables 46 and 47; 
Appendix 4.1). 

Thirty-three pieces of bone and 3 land-snail shells or shell fragments from Site 68 were analyzed. Ver-
tebrate fauna consisted mostly of small taxa, but a few larger species were identified. Analyzed bone was 
fragmentary, with only one piece measuring more than 15 mm in maximum dimension, and 13 of the 36 fau-
nal specimens measured less than 5 mm. Equal numbers were recovered from Cochise and pre-Classic con-
texts, with a few pieces dating to the general Late Archaic to Protohistoric period, and a single piece from 
undated contexts. 

One feature contained 14 specimens, all others contained 8 or fewer. The largest feature, a Snaketown 
phase house-in-pit (Feature 13), and one of its postholes (Subfeature 240) contained the most diverse faunal 
collection on this site. Faunal specimens from these two features included a few specimens each of rattlesnake 
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and unidentified snake bone, mouse- and squirrel-sized rodent, rabbit-sized mammal bone, and a small splin-
ter of the only bone from a deer-sized mammal identified at Site 68. Another fragment represented an alveo-
lus of a probable canid. This last individual was the size of a small coyote or dog. Six pieces of bone were 
burned, including one snake bone, four of the five bones from squirrel-sized taxa, and one of the bones from 
mouse-sized rodents. However, the burning may not reflect human action. A large root burn intruded into this 
structure and some rodents and snakes may well have been caught in their burrows when the root burned. 

The fauna from other features was far less diverse, but the lack of diversity was doubtless related to their 
small numbers. Most had only one or two specimens. Feature 88, a house-in-pit that dated to a calibrated 2σ 
date range of 1380–920 cal b.c., had the second highest bone count with eight specimens that represented 
nonpoisonous snake, coyote-sized and rabbit-sized mammals, and squirrel; five of the eight specimens repre-
sented rabbit-sized mammals. The only other feature with more than two bones (aside from Feature 106, see 
below), was nonthermal pit Feature 206, with one bone from a rabbit-sized mammal and four from mouse-
sized mammals. Feature 206 could only be geologically dated to 920 cal b.c.–cal a.d. 1520.

Several hundred pieces of highly fragmented, charred or calcined, small-to-medium-sized mammal 
bone were found associated with Feature 106, a secondary human cremation (see Chapter 8, this volume). 
Examination of this feature’s stratigraphic position indicates that this feature and these associated faunal 
remains dated to 1380–920 cal b.c. 

Vertebrate Fauna from Site 423

The faunal collection from Site 423 (see Tables 46 and 47; Appendix 4.1) consisted of a single fragmentary 
vertebra from an indeterminate snake. Although this bone was recovered from Feature 111, a bell-shaped 
nonthermal pit geologically dated broadly to the Early to Late Archaic period, the bone was pale in color, 
suggesting that it may have belonged to a recent, intrusive individual. The bone was slightly eroded all over 
and may have passed through the digestive tract of some other animal.

Vertebrate Fauna from Site 437

Excavators at Site 437 recovered five fragmentary long bones of rabbit-sized mammals from Feature 10307, a 
thermal pit dating to the Sulphur Spring phase that produced a 2σ calibrated date range of 7040–6690 cal b.c. 
(see Tables 46 and 47; Appendix 4.1). These five pieces represent the entire Early Archaic period faunal col-
lection from the Luke Solar project, although some specimens from Falcon Landing date to more-general 
periods such as the Early to Middle Archaic or Early to Late Archaic period. All of the Site 437 specimens 
were unburned and displayed recent breaks, and the largest piece was stained by minerals and covered with 
carbonate. The five pieces were all from the same-sized element and may have been part of the same bone, 
but none of the pieces could be refit. 

Vertebrate Fauna from Falcon Landing

The collection from Falcon Landing included 4,690 analyzed specimens, including bone and shell artifacts 
(see Tables 46 and 47; Appendix 4.1). Of these, 284 were mollusk shell and shell fragments, and most of 
these shells were found in one feature. Most of the bone represented mammalian taxa, but amphibian, reptile, 
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and bird bones were also present. More than a third of the specimens were recovered from a single Histori-
cal period feature, and the remainder came from prehistoric and undated contexts. 

Historical Period Fauna 

Among the thousands of features dating to the Archaic period, Red Mountain phase, pre-Classic, Classic 
and Protohistoric periods at Falcon Landing, there were only two Historical period features: Feature 3767, 
a thermal pit, and Feature 1664, a nonthermal pit (Table 50). The contents of these two pits varied consider-
ably from one another in abundance and type of taxa and appear to represent very different human behaviors. 
Feature 3767 could be dated only to post-1700, whereas Feature 1664 dated to the early twentieth century.

Table 50. Number of Faunal Specimens from Early-Twentieth-Century Feature 1664, Falcon Landing, 
by Taxon and Body-Size Class

Scientific Name Body Size Class Common Name n Percent Comments

Amphibia

Anura (small) small frogs or toads 14 0.8

Anura (medium sized) medium frogs or toads 4 0.2

Reptilia/Amphibia

Reptilia/Amphibia small reptiles or amphibians 2 0.1

Reptilia

Crotalus small rattlesnakes 10 0.5

Colubridae small nonvenomous snakes 6 0.3

Serpentes small snakes 8 0.4

Squamata small lizards 3 0.2

Crotaphytus medium collared lizards 1 0.1

Viperidae medium venomous snakes 2 0.1

Serpentes medium snakes 1 0.1

Squamata medium lizards 3 0.2

Testudines indeterminate tortoises, turtles 2 0.1

Aves

Callipepla small crested quails 2 0.1

Sphyrapicus small sapsuckers 1 0.1 cf. sapsucker or small 
woodpecker

Turdus small robins 1 0.1

Accipitridae medium hawks, eagles, kites 3 0.2 all from raptor the size of 
western marsh harrier

Aves (small) small birds (songbird sized) 11 0.6

Aves (medium sized) medium birds (chicken sized) 15 0.8

Aves indeterminate birds 12 0.7

Mammalia/Aves

Mammalia/Aves (me-
dium sized)

medium bird or mammal (rabbit sized) 12 0.7

Mammalia/Aves 
(small)

small bird or mammal (squirrel or 
songbird sized)

15 0.8

Mammalia

Ammospermophilus very small antelope ground squirrels 1 0.1

Dipodomys very small kangaroo rat 12 0.7

Perognathus very small pocket mouse 12 0.7

continued on next page
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Feature 1664 

Feature 1664 was a pit filled with a diverse faunal collection that included mammals, birds, reptiles, and 
amphibians (see Table 50). Over a thousand pieces of bone were recovered from this pit. Shotgun shells 
intermixed with the bones provided a well-defined date of deposition for the feature. The 12-gauge shot-
gun shells from the feature were heavily corroded. Only one headstamp remained partially legible; it read 
“[WINCHESTER/LEADER]/No 12.” The “1901 Leader” was produced by the Winchester Repeating Arms 
Company beginning in the 1900s and continued in production for many decades. This particular headstamp, 
however, was produced only until 1920 (Farrar 2005). 

A large rodent burrow intruded into the upper portion of the pit, disturbing the fill and displacing some 
of the bones and shotgun shells to the adjacent Hand Stripping Unit 1666, a unit excavated to help define 
the extent of the feature. According to the field notes, the tunneling appeared recent and some burrows were 
still void of fill at the time of excavation. Rodent bone was found in the upper portion of the unit, and bones 
of larger taxa were located in the lower area. Some of the bones, in particular the nearly complete rodent 
remains found in the tunneling, likely represent intrusive individuals; others were probably placed in the 
pit by human intent. Most of the bones in this feature were identified as leporids or from rabbit-sized taxa. 
The leporid remains represented at least one antelope jackrabbit, at least one black-tailed jackrabbit, four 
indeterminate jackrabbits, at least six cottontails, and two much smaller cottontails. 

Scientific Name Body Size Class Common Name n Percent Comments

Peromyscus very small white-footed or deer mice 2 0.1

Muridae very small rats and mice 3 0.2

Rodentia very small rodents (mouse sized) 16 0.9

Mammalia very small mammals (mouse sized) 34 1.9

Neotoma small wood rats 16 0.9

Sigmodon small cotton rats 5 0.3

Sylvilagus small very small cottontails 14 0.8

Thomomys small pocket gophers 1 0.1

Sciuridae small squirrels 1 0.1

Rodentia small rodents (squirrel sized) 9 0.5

Mammalia small mammals (squirrel sized) 192 10.5

Lepus alleni medium antelope jackrabbits 1 0.1

Lepus californicus medium black-tailed jackrabbits 8 0.4

Lepus medium jackrabbits 101 5.5

Sylvilagus medium cottontails 88 4.8

Leporidae medium rabbits and hares 33 1.8

Mammalia medium mammals (rabbit sized) 319 17.5

Vertebrata medium vertebrates (rabbit sized) 17 0.9

Canis large dogs, coyotes, wolves 3 0.2 dog or coyote sized

Canidae large canids 1 0.1

Mammalia large mammals (coyote sized) 2 0.1

Ovis/Capra very large sheep/goats 2 0.1

Mammalia very large mammals (sheep sized) 11 0.6

Artiodactyla extra large mammals 
(cow sized, even-toed hoofed)

1 0.1  

Vertebrata indeterminate vertebrates 793 43.4  

Gastropoda

Succinea indeterminate amber snails 1 0.1  

Total     1,827 100  
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The bones in this feature were well preserved and many were intact. None were burned. All body re-
gions for leporids and rabbit-sized mammals were represented, from head to tail, or crania to caudal ver-
tebrae, and even tiny sesamoids and patellae were present. Articulated portions were noted during exca-
vation, and such completeness suggests that many carcasses were interred without extensive processing. 
There may have been slight differences in element representation between the two leporid genera. The 
two genera did not have quite the same representation of body parts. Six percent of all jackrabbit bones 
were identified as belonging to the lower front limb, but 26 percent of the cottontail bones were from this 
region. This may reflect preservation issues, if articulated cottontails happened to be in the area removed 
by mechanical stripping, or the hunters may have selected the parts they preferred (e.g., rabbit’s feet) prior 
to discarding the cottontails. 

Other taxa found either in Feature 1664 or in the intrusive rodent burrow included frog or toad, dog or 
coyote, a hawk the size of a western marsh harrier, quail, possible robin, possible sapsucker or small wood-
pecker, pocket gopher, wood rat, cotton rat, antelope ground squirrel and bone from a larger but indeterminate 
squirrel, kangaroo rats, pocket mice, deer or white-footed mice, collared lizard, rattlesnake, nonvenomous 
snake (Colubridae), turtle or tortoise shell, and eggshell. A tiny Succinea land snail was almost certainly 
intrusive. Squirrel-sized mammals were relatively complete, with bones representing body parts from head 
to tail, including sesamoids, carpals, tarsals, a patella, and caudal vertebrae. Mouse-sized mammals were 
similarly represented, but lacked many very tiny bones that would have been easily lost during excavation 
(e.g., sesamoids, carpals, patellae, and caudal vertebrae). The carcasses of nonmammal taxa were somewhat 
less complete, but the missing portions may be related to the small size of many of these taxa. The small 
frog or toad bone that was recovered included femur, humerus, innominate, radio-ulna, scapula, and verte-
bral fragments; and a larger frog or toad was represented by a hind limb (femur and tibia), right innominate, 
and long-bone fragments. Only a few elements were present for any of the bird taxa. More than 800 recently 
broken bone fragments could not be identified even to the level of class and were unidentifiable to element 
as well. All measured less than 15 mm in maximum dimension, and it is likely that many of the missing ele-
ments are visible among these unidentifiable fragments.

Why were the jackrabbit carcasses so complete in this feature? Why were so many leporids killed but 
not consumed? A look at early-twentieth-century interactions between humans and leporids offers a pos-
sible explanation for this feature. Jackrabbit drives are not only a part of Arizona’s prehistory. In the late 
nineteenth into the first third of the twentieth century, periodic localized peaks in leporid populations caused 
great damage to crops and created competition with cattle for forage. Rabbit drives were organized, with 
as many participants as possible recruited to drive the animals out of hiding, after which they could be shot 
or clubbed; hundreds of animals could be taken in a day (Figure 81). A 5-cent bounty for each pair of rab-
bit ears was paid by the territory in 1905 and by the state in 1912, and similar bounties existed for gophers 
and prairie dogs (Brown 2008). No cut marks indicating ear removal were seen on leporid crania recovered 
from Feature 1664, but most skulls were fragmentary.

Large communal rabbit drives were announced in newspapers. For example, a July 1920 headline  pro-
claiming that a “plague of jackrabbits threaten crops” announced a rabbit drive to be held the following 
Saturday in Casa Grande (Tucson Citizen, 8 July 1920). The same newspaper announced another drive in 
December of the same year (Tucson Citizen, 24 December 1920). The article announcing the December 
drive noted that a drive held in Allendale the previous month (November 14, 1920) included more than 200 
people with 150 shotguns and that more than 1,200 rabbits had been taken. Fewer individual animals were 
killed in a combined coyote-jackrabbit drive held in 1901 in Scottsdale when “a crowd of young men” and 
“a young lady friend from Phoenix” began the coyote hunt (Republican Herald 1901:3). The participants 
were joined by about 150 residents of the Salt River reservation, and eventually 5 or 6 coyotes and about 
100 jackrabbits were killed. Near the project area, in 1906, Ellison Wilcox turned in 715 jackrabbits for 
bounty and stated that the rabbit colony near Peoria and Glendale continued to increase (Brown 2008: 204). 

Cottontails were regarded by some hunters as better meat, and some drive participants donated the jack-
rabbits to charity while keeping cottontails for their personal consumption (see Figure 81). Other hunters 
found other uses for their surplus jackrabbits.
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Some enterprising landowners were able to turn a profit by shipping the luckless leporids to West Coast 
markets (Brown 2008). For example, The Tucson Citizen reported on March 29, 1912, that F. J. List of Peoria 
had sold 2,600 dressed jackrabbit carcasses to the Zeisel Produce Company of Los Angeles, where they were 
sold to restaurants and served as Belgian hares or made into tamales. List made from $2.50 to 3.00 a dozen 
for his Arizona jackrabbits and was also able to turn in the ears for the 5-cent bounty from the state for an 
additional $130 (Arizona Daily Star 2013). Northern Arizona landowners shipped jackrabbits to Los Angeles, 
as well. In January, 1909, Judge O’Toole of Canyon Diablo commented that his region had shipped 38,331 
rabbits to Los Angeles thus far that winter (Brown 2008:205). Not all rabbits were consumed in Los Angeles, 
and not all were eaten by humans. Jackrabbits sold for 10 cents each in Portland in 1916 (Vorhies and Tay-
lor 1933), and some people supplemented their chicken feed with rabbit protein (Los Angeles Times 1920). 

We found no records concerning rates of rabbits on this particular property, but jackrabbit predation 
was said to be very bad in the Casa Grande area in fall 1917 (Brown 2008:206). Pemma filed homestead 
on the property that year and it is possible that the local jackrabbit populations contributed to his poor crop 
yields.  As indicated by local newspapers, jackrabbits were considered to be a problem in nearby Peoria and 
Glendale a few years before and after he began to try to work the land.  Feature 1664 may reflect  a similar 
hunting episode. 

Fluctuations in jackrabbit populations occurred through the late nineteenth and early twentieth centu-
ries, and jackrabbit predation in the Casa Grande area was said to be very bad in the fall of 1917, especially 
for small farmers whose fields were overrun by hungry jackrabbits (Brown 2008:206). The ranchers’ fears 
of leporids outcompeting their livestock were not unfounded. Studies conducted by the University of Ari-
zona Agricultural Experiment Station observed that 15 antelope jackrabbits ate as much forage as 1 sheep, 
and 74 consumed the same amount as would 1 cow (Vorhies and Taylor 1933). Moreover, they suggested 

Figure 81. A 1930s Salvation Army jackrabbit hunt. Photograph shows the Stone Avenue 
Church, Tucson, Arizona (photograph courtesy of the Arizona Historical Society, Call 

No. B29259).
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that rabbits were better able than sheep or cattle to feed on the forage that was available on overgrazed or 
otherwise poor ranges. These studies also found that jackrabbits were more likely to be a problem in areas 
already damaged by overgrazing or drought, or areas recovering from damage, because the leporids were 
more attracted to open weedy areas than to areas with better vegetation and cover (Vorhies and Taylor 1933). 
The local peak in the fall of 1917 was the year and the season that Teddy Louis Pemma filed his homestead 
on the property, and it is possible that the soaring local jackrabbit populations contributed to his poor crop 
yields in subsequent years. 

The shells and bones from Feature 1664 could represent local efforts to control booming leporid popula-
tions, or it could represent less-organized hunting by one or a few individuals. As noted above, smaller taxa 
were often taken in communal drives by O’odham (Rea 1998), so it would not be surprising for large rodents 
such as wood rats and cotton rats to be startled into the open and killed in Euro-American rabbit drives. Un-
like the Akimel O’odham drives, the wood rats and cotton rats were not consumed in the Euro-American 
drives, and it seems that after the hunt, the area was cleaned up and the remains of many hunted animals 
were buried in a pit. 

The dog or coyote bones from this feature probably represented a coyote taken at the same time as the 
leporids. Coyotes were often considered to be enemies of ranchers, and the State of Arizona paid a $2.00 
bounty for each coyote pelt (Brown 2008:397), and as noted above, these canids were also targeted during 
hunting drives at least occasionally. Vorhies and Taylor (1933:544) report that the supervisor of Crook Na-
tional Forest, Arizona, noted that jackrabbit populations increased after coyote drives, and at least one rancher 
recommended that the bounty for coyotes be removed to help reduce rabbit populations (Tucson Citizen 
1905). Interestingly, the rancher in question had brought in eight coyote and two wolf skins for bounty and 
made his comments while the skins were being inspected. Many of the other taxa could easily have been 
caught in a rabbit hunt or have been targeted as undesirable species, including the snakes and raptors. Wood 
rats, cotton rats, and antelope ground squirrels would have been large enough to be visible to hunters. The 
omnivorous little antelope ground squirrel may even have been attracted to the carrion if the pit was left 
open for any length of time. 

Not all of the bone in the feature was necessarily related to hunting. A large burrow began in the upper 
portion of the pit and ran through the central and southeastern portions, as well as south of the pit. The bone 
was densest at the base of the pit, the larger bones were found below the burrow, and the smaller rodent 
bone in the burrow above. Kangaroo rats, white-footed mice, and pocket mice are more likely to be intru-
sive. Pocket and white-footed mice, especially, are too small to be highly visible to hunters, and unlikely to 
remain recognizable if hit by a shotgun blast. Kangaroo rats and pocket mice are known to share burrows, 
and much of the rodent burrowing was clearly intrusive to the filling of the pit. Immature specimens of both 
species were present and may represent burrow deaths. 

The few bones from the sheep/goat and cow-sized artiodactyl categories were a sheep/goat tibia and 
calcaneus and a distal metapodial of a larger artiodactyl. These lower leg bones likely represent the remains 
of the hunter’s meal, perhaps as a stew or similar concoction, as these cuts are often cooked for extended 
periods to tenderize the meat. The pit may represent an overnight camp used before Teddy Louis Pemma 
built his house on the property about 1918, or a day camp used by hunters during his tenure there. 

The State Senate passed an act in 1912 regulating and licensing hunting and establishing hunting sea-
sons. Hunters were required to obtain a bird license (costing $10–25) for quail, although during the hunting 
season (between October 15 and February 1) it was legal to take 25 quail per day (Brown 2008:385–386). If 
the quail were legally hunted, their presence in Feature 1664 would place the event in the fall; however, the 
quail recovered from this pit could easily represent animals simply caught up in the hunt. Songbirds were also 
protected in this legislation and had no hunting season, but hawks were not protected. This feature therefore 
contained a mix of protected, semiprotected, and unprotected taxa, reflecting the cultural values of the era.
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Feature 3767 

Feature 3767 dated to post-a.d. 1700. All bones from this thermal pit were unburned. The fauna consisted of 
25 fragmentary specimens, all from rabbit-sized mammals, although at least some could have been from a 
jackrabbit to small-coyote-sized mammal or mammals. Crania, appendicular, and indeterminate cancellous 
bone were represented, as were fragments of bone unidentifiable to element. All specimens were less than 
15 mm in maximum dimension. There were no indications that more than one individual was represented. 
No commercially manufactured Historical period artifacts were found associated with the fauna, but a core 
flake and a flake fragment were found with the fauna. In contrast to Feature 1664, the contents of this pit 
were comparable with many other pits investigated in the LAFB that contained fragmented bone from rabbit-
sized taxa and probably represented food remains discarded in a hearth.

Fauna from Prehistoric, Protohistoric, and Undated Contexts

The following discussion focuses on the material from Falcon Landing found outside of the Historical pe-
riod features described above. Faunal bone was recovered from contexts ranging from the Early Archaic to 
the Protohistoric periods, but most was assigned to the Middle or Late Archaic periods, and this discussion 
therefore focuses most heavily on the Archaic period fauna. Additional bone could only be dated to more-
general time ranges.

Archaic Period Fauna

Most of the faunal bone (71 percent) outside of the Historical period features was recovered from Archaic 
period contexts, which included the Chiricahua phase and San Pedro and Cienega phases, as well as contexts 
dated to more-general Early to Middle, Early to Late, and Middle to Late Archaic periods. These latter three 
general periods are grouped and classified as Cochise in Table 46 and in Appendixes 4.1 and 4.2. The highest 
proportion of bone dated to a specific phase was assigned to the Chiricahua phase and the Cienega phase, a 
combination that allowed comparisons of the Middle Archaic with the end of the Late Archaic. Bones from 
all prehistoric time periods were highly fragmented, with over 50 percent of all faunal remains measuring less 
than 15 mm in maximum dimension, and 75 percent measuring less than 25 mm (Table 51). In all, 79 percent 
of the faunal bone from the Luke Solar project could not be identified to the level of order because of fragmen-
tation or heavy carbonate deposits. The early Chiricahua phase bone was especially fragmentary; 47 percent 
of bone from this time measured less than 5 mm, and 39 percent measured 5–15 mm. In most of the other 
phases and periods represented, the greatest proportion of bone measured 5–15 mm, with the exception of 
the Red Mountain phase, in which 49 percent of the bone measured 15–25 mm in maximum dimension. The 
Red Mountain phase collection, though, was much smaller than those of the early Chiricahua phase and San 
Pedro and Cienega phases. The general trend to slightly larger specimens was also evident in the 145 speci-
mens that were only assigned to the more-general Late Cienega to Red Mountain phases, with only 4 percent 
measuring less than 5 mm, 48 percent measuring 5–15 mm, and 35 percent measuring 15–25 mm (see Ap-
pendix 4.1 for complete data). Bone from the Historical period contained a high proportion of recently broken 
bones, the result of mechanical stripping.

The Cochise sample included specimens assigned to broader time ranges but still within the Archaic, 
including the Middle to Late Archaic, and the Early to Middle Archaic. Nearly a quarter of the bone was 
assigned to the general Middle to Late Archaic time. Fewer bones were assigned to the Early to Middle Ar-
chaic and Early to Late Archaic, but still, each of these general categories contained nearly 90 specimens. 
Faunal materials of this age are scarce throughout southern Arizona and so some discussion of these more-
general time groups is included. 

The Early to Middle Archaic period included a single bone each from a coyote-sized mammal, artiodac-
tyl, and lizard, as well as bone from unidentified mouse- and squirrel-sized taxa. Most, though, were from 
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leporids and rabbit-sized taxa. All were recovered from four nonthermal and two thermal pits. Most were 
found in one nonthermal pit, Feature 5215, which yielded 79 bones from squirrel-sized mammals, rabbit-
sized mammals, jackrabbits, and a piece of lizard bone. Eighty-six percent of these bones measured less 
than 15 mm in maximum dimension. The remaining features contained only 1 or 2 specimens each. Burning 
was noted on 39 percent of the bone from this general time period, and 39 percent of Feature 5215 as well.

Specimens recovered from Early to Late Archaic period contexts tended to be larger and therefore more 
identifiable to taxon than many of those from the Early to Middle Archaic. The average fragment size for 
Early to Late Archaic bone was 17 mm, in comparison to only 10 mm for the Early to Middle Archaic bone. 
The 89 bones and fragments were distributed across 21 features and 3 nonfeature contexts and therefore 
were generally found in very small quantities in most features. Jackrabbits, cottontails, wood rats, squirrel, 
artiodactyl, indeterminate rabbit-sized, squirrel-sized, and coyote-sized mammals, indeterminate rodents, 
and indeterminate vertebrates were all recovered, but rabbit-sized mammals and leporids contributed nearly 
70 percent of the overall bone count. Burning was seen on 22 percent of the bone from this time, but 33 per-
cent of the bone was so covered with carbonate or stained that burning could not be identified.

The Middle to Late Archaic included more than 600 pieces of bone and shell and made up more than 
15 percent of the Luke Solar project fauna. With this much larger collection, it is not surprising that cor-
respondingly more-diverse fauna were represented, including kangaroo rats, pocket mice, lizards, snakes, 
turtle or tortoise, Iguanidae, antelope jackrabbits, cottontails, Canidae, frogs, birds, and deer-sized mammals. 
As noted previously, over 200 specimens were Olivella-shell beads found in a single feature, and 2 of the 
24 fragments of deer-sized bone were artifacts. Fully 26 percent of the bone was burned and 25 percent was 
either stained or so coated with carbonate that it was not possible to identify burning. Bone fragment size 
was more or less in line with those found in Early to Late Archaic contexts and averaged 17 mm. 

These three general Archaic period groupings show an overall pattern of high fragmentation. Although 
fragment size varied somewhat among the groups, none of the three contained any bone fragments greater 
than 50 mm in maximum dimension. Leporids or rabbit-sized mammals were the dominant taxa, and burn-
ing was seen on at least 20 percent of the bone. 

Chiricahua Phase 

In all, 18 percent of the bone and shell were recovered from Chiricahua phase contexts, including 497 speci-
mens assigned to the early Chiricahua phase and 31 to the late Chiricahua phase (see Table 46; Appendix 4.2). 
Most were highly fragmentary, averaging 9 mm in maximum dimension. Just over half (51 percent) of the 
total bone sample from the Chiricahua phase was recovered from Feature 4235, a nonthermal pit that pro-
duced a 2σ calibrated age range of 3340–3090 cal b.c. All bone from this feature was burned, ranging from 
blackened to calcined white, checked and spalled, and highly fragmented, with most (70 percent) of the 
270 bone fragments measuring 5 mm or less. Most Chiricahua phase features contained only a few speci-
mens. Of 47 features, 37 had 5 or fewer pieces, and 11 had only 1 bone, fragment, or piece of shell.

Mammalian bone dominated the Chiricahua phase fauna. No bird bone was identified, and only a single 
frog or toad bone was found. Reptile bone consisted of five snake vertebrae and two damaged vertebrae 
that could have been either snake or lizard. Mammals recovered from Chiricahua phase contexts included 
leporids, carnivores, and rodents, as well as unidentified deer-sized taxa. A fragment of a carnassial—the 
specialized high-cusped shearing teeth that form many carnivore premolars or molars—was also recovered. 
This tooth fragment was a good match to a modern coyote, but the fragment was too small to rule out large 
felids, so it was identified only as a carnivore. A distal phalanx of a coyote-sized mammal was also pres-
ent. The remaining bone consisted of long bones, indeterminate bones, flat bone, and a vertebral fragment 
from coyote-sized, rabbit-to-coyote-sized, rabbit-sized, and squirrel-sized mammals. Although there were 
many burned bones, no burning or oxidation was noted on the pit walls of Feature 4235 or in the fill dur-
ing excavation, and Feature 4235 is therefore thought to have been a repository of previously burned bone.

Burning was seen on 64 percent of the bone from the early Chiricahua phase, and on only 6.5 percent of 
the late Chiricahua bone. At Falcon Landing, burning does not seem to be correlated with recovery context 
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in the Chiricahua phase. Only 22 percent of the bone from thermal pits was burned, and 87 percent from 
nonthermal pits was burned (counting Feature 4235 described above). But, if Feature 4235 is removed, burn-
ing was seen on only 15 percent of the bone from nonthermal pits. Carbonate or staining limited visibility 
on only 10 percent of the bone from the Chiricahua phase. Visibility was much poorer on the bones from 
the more-general Archaic period category.

 In all, 18 percent of the bone from rabbit-sized mammals was burned, and 6 percent had been covered 
by too much carbonate or stains to identify burning. Burning did not seem to be strongly patterned on lepo-
rid bones during the Chiricahua phase. The maxilla fragment was burned, one mandible fragment was not 
burned, and the second mandible fragment was indeterminate. The single vertebra fragment was burned, as 
were some scapula fragments, 35 percent of the indeterminate long bones, some of the foot and lower leg 
bones, and some of the upper leg bones. 

During the Chiricahua phase, 19 percent of the bone from squirrel-sized mammals was burned, and 
17 percent was too covered with carbonate or stains to identify burning. No bone from mouse-sized taxa 
was burned. A tibia from an immature wood rat was burned. Burning was most common on the extremi-
ties and long-bone fragments, and 25 percent of the indeterminate long bones were burned, along with the 
single identified rib fragment.

Only 21 bones and fragments of deer-sized mammals were from Chiricahua phase contexts, and of those, 
only one was an artifact. More than half (57 percent) of the bone from deer-sized mammals was so broken 
that it could not be identified to element. One scapula fragment was identified, and the remainder could only 
be identified as rib or vertebral spine (4 percent), long bone (28 percent), or cancellous bone (4 percent), 
and so no clear pattern for body-part representation could be identified. Burning was seen on 24 percent of 
the deer-sized bone, and the same proportion of bone was too covered with carbonate or staining to identify 
burning. Bone from deer-sized mammals was found in small quantities across feature types—in activity ar-
eas, FAR concentrations, house-in-pits, nonthermal pits, thermal pits, bell-shaped pits, and nonfeature loca-
tions—but always as 3 specimens or fewer per feature, including bone artifacts.

No nonthermal pit other than Feature 4235 contained more than 6 bones, fragments, or shell. Thermal pits 
were more variable, and each contained 1–20 bones or bone fragments. Three pits held 17, 19, and 20 speci-
mens; one held 7; and all other thermal pits held only 1, 2, or 3 specimens each. Altogether, the thermal 
pits averaged 6.5 bones each, but this average was overly influenced by the few pits with larger collections. 

The two thermal bell-shaped pits held 1 and 4 fragments. Chiricahua phase houses, too, generally held 
only a few faunal specimens each; six of the seven houses contained 5 or less pieces, and the seventh house 
contained 15 pieces. Aside from the anomalous Feature 4235, no clear difference was seen in the kinds or 
amounts of faunal remains in different features or feature types.

San Pedro Phase

The San Pedro phase faunal collection from Falcon Landing was much smaller than that for the Chiricahua phase 
and Cienega phase (see Table 46; Appendix 4.2), and sample sizes were consequently problematic. Only two 
bones from deer-sized mammals were identified from San Pedro phase contexts, and although both were long 
bones, few, if any conclusions could be drawn from so small a sample. Even with the small sample size, leporid 
body-part representation was very similar to that seen for the Chiricahua phase. Lower leg bones and indeter-
minate long bones made up the greatest proportion. A single cranial bone was recovered, and axial bones were 
present but underrepresented relative to the frequencies in the living body. Higher proportions of leporid and 
medium-sized-mammal foot bones were present in San Pedro phase contexts compared to the Chiricahua phase.

Burning was present on 23 percent of the rabbit-sized taxa from San Pedro phase contexts, and 47 percent 
were unburned. The remainder of the bones were too covered with carbonate or stains to identify burning. 
Burning was most frequently observed on the lower leg bones but was also noted on upper legs; the cranial 
fragment was also burned. Unlike what was seen in the Chiricahua phase rodent remains—where leporids and 
rabbit-sized mammals and squirrel-sized rodents and mammals seem to have been treated in similar ways—
in the San Pedro phase, body-part representation of squirrel-sized taxa contrasted strongly with that of the 
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rabbit-sized mammals. Most of the San Pedro phase bones of both squirrel-sized (75 percent) and rabbit-sized 
(86 percent) mammals were so fragmentary as to be unidentifiable to region. Cranial bones made up 1 percent 
of the rabbit-sized mammal bone and 2 percent of the squirrel-sized mammal bone, lower limb bones contrib-
uted 8 percent to the rabbit-sized mammal bone and 11 percent to the squirrel-sized, and upper limb bones 
were 4 and 5 percent of the rabbit and squirrel-sized mammal bone. The difference was seen in the axial bones. 
Axial bone made up only 0.5 percent of the rabbit-sized but 6 percent of the squirrel-sized mammal bone. 
Because the bone identified as from rabbit-sized mammals is larger than that of the squirrels, it should actu-
ally be more identifiable to element. This disparity suggests that rabbit vertebrae may have been preferentially 
destroyed compared to those of the smaller mammals. Perhaps they were crushed and processed for fat, or it 
may be that the smaller vertebrae were more likely to pass unmodified through a carnivore digestive system.

Most bone was indeterminate long bone or unidentifiable, but axial bones and fragments made up the 
largest proportion of identifiable bones. In all, 27 percent of the bone from rodent-sized mammals was burned, 
and 19 percent of squirrel-sized and 4 percent of mouse-sized mammal bone was burned. Presence or ab-
sence of burning could not be seen on 29 percent of the small and very small mammal bone and 38 percent 
of the bone from squirrel-sized taxa. 

Cienega Phase

More specimens dated to the Cienega phase at Falcon Landing than to any other prehistoric component (see 
Table 46; Appendix 4.2). The fauna included frog or toad, quail, two sizes of squirrel, mouse or rat, deer, 
wood rat, antelope jackrabbit, cottontail, turtle or tortoise, lizard, and snake bone, although once again, the 
collection was dominated by leporids and rabbit-sized mammals, which made up 39 percent of the total ver-
tebrate collection. Evidence of burning was present on 5 percent of the bone from rabbit-sized mammals, 
67 percent were unburned, and 27 percent of the bones were so covered with carbonate it was impossible to 
identify burning. Most bone (76 percent) was recovered from nonfeature contexts, and with two exceptions, 
when bone was recovered in features, it was found in small quantities. Seventeen features contained bone; 
of these, 12 have 5 or fewer specimens, 3 have 6–10 specimens, 1 has 15, and 1 has 63. 

In all, 20 bones (3 percent) from deer-sized mammals dated to the Cienega phase, 1 of which was an ar-
tifact. All were fragmentary, and 68 percent were less than 25 mm in maximum dimension. These elements 
included axial, tooth, and antler, as well as long bone, flat bone, and indeterminate. Only 1 was burned, but 
the presence or absence of burning could not be determined on 9 specimens.

Late Cienega to Red Mountain Phase and Red Mountain Phase

Only 38 specimens were securely dated to the Red Mountain phase. An additional 131 specimens dated to 
the Late Cienega to Red Mountain phase (400 b.c.–a.d. 450). The Late Cienega to Red Mountain phase is 
a chronological component defined in Chapter 1, which dates to 400 b.c. to a.d. 400 (see Appendix 4.2; for 
further discussion of chronological groupings see Chapter 1, this volume). Leporids and rabbit-sized taxa 
made up just over half of the bone (56 percent) from the total vertebrate faunal collection, and of these, 
34 percent were burned and 21 percent unburned, and the rest were too covered with carbonate or stains 
to identify burning. In contrast to the Cienega phase, leporids and rabbit-sized taxa made up 69 percent of 
the fauna from the Late Cienega to Red Mountain phase, but 58 percent of that bone was too covered with 
carbonate to identify burning, and fewer burned specimens (21 percent) could be identified. Red Mountain 
phase bone from rabbit-size taxa represented all body regions with nearly half assigned to appendicular in-
determinate. Most of the Late Cienega to Red Mountain phase bone from rabbit-sized taxa that could be 
identified to body region was from the lower legs, in particular, the lower hind limbs and foot bones, al-
though 49 percent could only be identified as long bone. More axial bones (19 percent) were present in the 
Red Mountain phase deposits than were found in Chiricahua and San Pedro contexts, but the proportion of 
axial bone to other body regions was much lower in the more-general Late Cienega to Red Mountain phase 
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bone (3 percent). Burning was present on most bones, from most of the body regions, in the Late Cienega 
to Red Mountain phase bones. 

Squirrel-sized mammals made up 19 percent of the Red Mountain phase bone but only 10 percent of the 
Late Cienega to Red Mountain phase bone, and 57 percent of the Red Mountain phase bone from squirrel-
sized mammals was burned. Burning was present on squirrel-sized and mouse-sized mammal bone from the 
Late Cienega to Red Mountain phase as well. 

Bone from deer-sized mammals made up 10 percent of the specimens from both the Red Mountain 
phase and the Late Cienega to Red Mountain fauna. One deer tibia, one artiodactyl phalanx, and two long-
bone fragments from deer-sized taxa were found in contexts securely dated to the Red Mountain phase. In 
addition, a deer ulna, artiodactyl cheek tooth, and deer-sized mammal rib, tibia, long bone, and unidentified 
fragments were found in Late Cienega to Red Mountain phase contexts. The proportions of burned bone 
were similar between the Red Mountain phase (25 percent) and Late Cienega to Red Mountain phase bone 
(23 percent) collections. Only five Red Mountain phase features contained faunal remains, but those that 
did tended to have higher NISP counts than found in Chiricahua features. Two features held 10 specimens, 
two had 6, and one had 5 specimens. A single piece was found in nonfeature contexts.

Cochise 

The Cochise included bone and shell that could be identified to the Archaic period but not to any particular 
individual Archaic period or phase, and 913 specimens from Falcon Landing were assigned to the Cochise 
category (see Table 46; Appendix 4.2). Animals found in Cochise contexts included an unidentified canid, 
represented by a second metacarpal. Bone from indeterminate coyote-sized mammal included a cancellous 
bone, cranial, flat bone, and radius fragment, two long bones, and two unidentifiable fragments. Rodents 
were well represented in these deposits. A few specimens were identified as kangaroo rats and pocket mice, 
indeterminate mouse-sized Muridae, and cranial, axial, long bone, flat bone, tibia, and foot bones of mouse-
sized mammals. Wood rat, cotton rat, squirrel, squirrel-sized rodent and squirrel-sized mammal were also 
present and included at least a few pieces of most body regions.

Nearly all portions of jackrabbit, cottontail, and rabbit-sized mammals were represented in the Cochise 
collection. Medium-sized mammals included both antelope and black-tailed jackrabbits and cottontail, in-
cluding a few pieces of bone from smaller cottontails. Deer-sized mammals were represented by a deer ulna, 
artiodactyl innominate, tooth fragment, and a phalanx, as well as 2 flat bones, 10 long bones, rib, tibia, and 
indeterminate bone from deer-sized mammals.

Burning was noted on 19 percent of all bone from Cochise contexts, and on nearly all size classes. The 
sole exception was carnivore bone and bone of coyote-sized mammals. In all, 36 percent of the bone from 
deer-sized mammals was burned, and an additional 18 percent were too covered with carbonate or stains 
to identify burning. The proportion of identifiable burning on rabbit-sized mammals was slightly lower, at 
26 percent, but 37 percent of the bone had heavy carbonate covering or staining that limited surface vis-
ibility. Thirty percent of the bone from squirrel-sized mammals was burned with 18 percent unidentifiable. 
Even a few pieces of bone from mouse-sized mammals were burned, with seven burned bones making up 
39 percent of the collection. 

Pre-Classic Period and Later

The pre-Classic period was represented in Falcon Landing and included 56 bones assigned to Snaketown, 
and 1 bone assigned to the Sacaton phase (see Table 46; Appendix 4.2). No shell was identified from pre-
Classic period contexts. The bone from Snaketown phase contexts included jackrabbit and cottontail bones, 
indeterminate leporid, squirrel-sized rodent, mouse-sized mammal, bone from deer-sized taxa, indetermi-
nate snake or lizard bone, and indeterminate vertebrate. The reptile, 2 of the 3 pieces of mouse-sized mam-
mal bone, and 4 of the 8 indeterminate mouse-sized mammal bone were likely intrusive, based on the light 
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color and unblemished condition of the bone. All bone from leporids and rabbit-sized mammals represented 
limbs or teeth. No axial bone was found. A single small, unidentifiable fragment represented a deer-sized 
mammal. The other time phases/periods such as the Sulphur Spring and Classic had far too few specimens 
to draw any real conclusions concerning behavior. Only a few specimens were found in Protohistoric pe-
riod contexts, and the condition of all 9 specimens suggested that they were intrusive. All were lizard bone, 
possibttly from a collared lizard.

Analysis 

Leporids, and to a much lesser extent, artiodactyls made up the primary game animals in the project area, 
and therefore, the analysis focused on these taxa. Body-part representation, abundance of particular taxa, 
and carcass processing can help reveal prehistoric hunting methods and human decision making.

Examining Taxonomic Abundance: NSP, NISP, and MNI 

The most basic unit of measurement used in this analysis was the NISP. This measurement counts each bone, 
tooth, antler, or fragment thereof as one, although if pieces were recently broken and could be refitted, the 
refitted fragments were counted as a single specimen. Highly fragmented bones from only one individual 
can greatly inflate NISP counts and may consequently overemphasize particular taxa, and therefore, this 
measure was supplemented by the MNI. The MNI is based upon the most frequent nonduplicated skeletal 
part for each taxon. For example, barring an extremely pathological birth, one jackrabbit cannot have more 
than one right femur, and so if two right femora and a handful of bone fragments are recovered from a pit, 
they can be interpreted as representing at least two individual jackrabbits. The MNI also has problems (see 
Lyman 2008 for a discussion of advantages and drawbacks to various measurements of faunal abundance), 
and the uncritical use of MNI has been criticized, but it nevertheless serves a useful function, and in this 
case was used as one of several measures of faunal abundance. The MNI can be calculated in several differ-
ent ways (Lyman 2008). One of the primary criticisms of the MNI is related to problems resulting from ag-
gregation, that is, the way in which the analyst chooses to combine and separate fauna according to levels, 
features, or site components can have a pronounced effect on the estimates of minimum numbers. If MNI 
is calculated for an entire site, it will likely be much lower than if MNI is calculated for each feature and 
then summed for each time period at the site. The MNI is included here to be consistent with earlier studies.

Leporids and rabbit-sized mammals made up 71 percent of the Luke Solar project Chiricahua phase 
vertebrate fauna, but only 49 percent of the San Pedro phase and 39 percent of the Cienega phase speci-
mens. Rodents, and squirrel- or mouse-sized mammals contributed only 17 percent of the Chiricahua phase 
vertebrate fauna (obviously intrusive specimens removed), but were 39 percent of the San Pedro phase and 
52 percent of the Cienega phase nonintrusive vertebrate fauna. The NISP for the Red Mountain phase was 
very low (see Table 46; Appendix 4.2). Leporids and rabbit-sized mammals made up 73 percent of the com-
bined Late Cienega to Red Mountain phase fauna, and squirrel- or mouse-sized mammals made up only 
15 percent. Rabbit-sized mammal bone was dominated by lower leg and appendicular indeterminate bone. 
Ratios between rabbit and rodent-sized taxa in this combined time differed from the Cienega phase and were 
more consistent with the Chiricahua phase fauna. 

Very few birds or other nonmammals were identified in the faunal specimens analyzed from Falcon 
Landing. Low numbers of frog or toad bones were found and a few turtle or tortoise shells were recovered. 
Leporids were consistently the most common identified taxa from Falcon Landing, for individual phases, 
and for many features. Of the three Archaic phases, the Cienega phase collection was the most diverse with 
12 vertebrate taxa, followed by the Chiricahua phase with 8 taxa, and the San Pedro phase with only 6 ver-
tebrate taxa. The low diversity of the San Pedro phase was likely influenced to some extent by the much 
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smaller sample size (NISP = 109) compared to the Chiricahua phase and Cienega phase. The Chiricahua 
phase and Cienega phases were much more comparable on sample size, with NISPs of 528 and 547 respec-
tively. Some of the differences in diversity may also be explained by fragmentation. The average fragment 
size of vertebrate faunal remains in the Chiricahua phase was 9 mm, in contrast to the San Pedro and Cienega 
phases, which both averaged 13 mm. Chiricahua phase bone was consistently more fragmentary than the 
two later Archaic phases, and as a result, bone identifiability was lower. 

The MNI was calculated for artiodactyls and leporids for each chronological period and/or phase at each 
site (Table 52). Even in the largest samples, the MNIs were quite small, but this probably reflects, at least 
partially, bone fragment size and identifiability. As fragmentation increases, the identifiability decreases, and 
so, accordingly does the MNI (Lyman 2008). The prehistoric and undated specimens from the Luke Solar 
project tended to be highly fragmented, and therefore MNI undoubtedly underrepresents the total individu-
als brought to the sites. 

The prehistoric and undated components of Falcon Landing as a whole contained seven complete right 
calcanei from cottontails, and a fragment of an eighth, indicating that at least portions of eight cottontails 
were present. This MNI, and those that follow in this paragraph, do not include those specimens assigned 
to Cochise because they could represent the same individuals. Seven right scapulae were also recovered. 
The right calcaneus also provided the minimum number for the smaller cottontails, with one complete and 
one fragmentary right calcaneus present. The minimum number of jackrabbits for the site as a whole was 
provided once again by the right calcaneus, with five complete and four proximal calcanei, indicating por-
tions of at least nine jackrabbits. At least one black-tailed jackrabbit and at least one antelope jackrabbit 
were present as well. These may be in addition to the nine indeterminate jackrabbits, or they might be in-
cluded in the count of nine. At least one deer was present in the site as a whole, but specimens identified to 
artiodactyl or cervids were so infrequent that the MNI is essentially meaningless, especially after bone and 
antler artifacts are removed. 

Artiodactyl remains were so few in number and fragmentary that there was no duplication of an element 
in any phase or more-general chronological category. At least three adult cottontails and two adult jackrab-
bits dated to the Chiricahua phase, along with a subadult leporid. Adult cottontail and subadult jackrabbit 
specimens were also recovered from San Pedro phase contexts, with an MNI of three. Although the total 
NISP for the Cienega phase was four times that of the San Pedro phase, the leporid MNI was smaller than 
was found in either of the two preceding phases.

Leporid Body Regions

Patterns in element representation can potentially provide information on prehistoric hunting, butchering, 
food preparation, and disposal practices. For example, fat was important nutritionally, but it had other value 
as well, and it was used to coat and protect people’s skins, mix with paint, and to process hides. Native peo-
ples across North America crushed bone from large and small taxa and simmered the fragments in water in 
pots or organic containers (Densmore 1979:44; Vehik 1977:170). As the bone fragments heated, the fat or 
bone grease rose to the surface and was skimmed off and collected. Once collected, it was a resource that 
could be stored and used or traded for other goods (Russell 1908). Other food preparation methods may 
result in other breakage patterns. Although marrow extraction also results in broken bones, bones broken 
for marrow extraction do not need to be crushed, rather they simply need to be broken open enough for the 
nutrient-rich fatty marrow to be removed. 

Because of their small body size, differences in leporid body-part representation were not likely the re-
sult of differential transport as might have been the case with artiodactyl body parts; leporids, rodents, and 
other small animals did not have to be disarticulated and skinned in the field before bringing them home. 
But, even so, people may have removed and discarded heads in the field, or they may have taken them back 
to the site and opened them to extract brains. If the latter had occurred, then crania are likely to have been 
fragmented and would be unidentifiable to taxon.



 278

Ta
b
le

 5
2
. M

in
im

um
 N

um
b
er

 o
f 

In
d
iv

id
ua

ls
 f

o
r 

P
ri

m
ar

y 
G

am
e 

M
am

m
al

s 
fr

o
m

 F
al

co
n 

L
an

d
in

g
, b

y 
Te

m
p
o
ra

l P
er

io
d

Te
m

p
o
ra

l 
P

er
io

d

C
o
tt

o
nt

ai
l, 

A
d
ul

t 
o
r 

In
d
et

er
m

in
at

e

Ja
ck

ra
b
b
it

B
la

ck
-T

ai
le

d
 

Ja
ck

ra
b
b
it

A
nt

el
o
p
e 

Ja
ck

ra
b
b
it

In
d
et

er
m

in
at

e 
Le

p
o
ri

d
D

ee
r-

S
iz

ed
 

M
am

m
al

D
ee

r
To

ta
l

A
d
ul

t
S

ub
ad

ul
t

A
d
ul

t 
o
r 

In
d
et

er
m

in
at

e
A

d
ul

t
S

ub
ad

ul
t

A
d
ul

t 
o
r 

In
d
et

er
m

in
at

e
A

d
ul

t 
o
r 

In
d
et

er
m

in
at

e

C
hi

ri
ca

hu
a

4
2

—
—

—
1

1
—

8

Sa
n 

Pe
dr

o
1

1
1

—
—

—
1

—
4

C
ie

ne
ga

2
1

1
—

1
—

1
—

6

R
ed

 M
ou

nt
ai

n
1

1
—

—
—

—
—

1
3

C
oc

hi
se

a
3

3
1

1
1

—
—

1
10

To
ta

ls
11

8
3

1
2

1
3

2
31

a 
A

rc
ha

ic
-a

ge
d 

m
at

er
ia

l t
ha

t c
ou

ld
 n

ot
 b

e 
as

si
gn

ed
 to

 a
 s

pe
ci

fi
c 

ph
as

e 
w

as
 c

la
ss

if
ie

d 
as

 C
oc

hi
se

.



 279

Some forms of food processing were likely to reduce the identifiability of small bones, raising questions on 
body-part representation. For example, some small animals may have been roasted and consumed whole (Szuter 
1984:150–151). Foot bones were more likely to burn than those of meatier portions, and small-mammal foot 
bones may have also remained attached to skins that were thrown into the fire during food processing (Szuter 
1984). Cranial and vertebrae also may have been underrepresented because of issues of identifiability. Small 
cranial or vertebral fragments were unlikely to preserve landmarks diagnostic to genus or even to family. Ad-
ditionally, it should be remembered that humans may not have been directly responsible for what was present; 
some unburned rodent bone in pit fill may have represented intrusive pests, rather than prey (Wöcherl 2001:213).

This study used two additional methods to examine skeletal representation in leporids. Waters (2005b) 
divides the carcass into four large portions: cranial (not including teeth), axial, upper leg, and lower leg. 
These units can be used to investigate overall differences in body-part representation, and these were used in 
the present study (Table 53). If patterns were seen between these four units, then a second scheme was used 
in which the body was divided into smaller portions. As described earlier, specimens were also assigned to 
MNE regions similar to those proposed by Stiner (1994), including head, neck, axial, upper front, upper rear, 
lower front, lower rear, and feet (Table 54). Because of the highly fragmentary nature of southern Arizona 
faunal collections, two additional categories were added; appendicular indeterminate and axial indeterminate. 

Leporid body-part representation in Chiricahua phase contexts was largely constant for cottontails, jack-
rabbits, and indeterminate leporids, and therefore all rabbits and hares were grouped together in this discus-
sion. Rabbit-sized mammals, a category that tends to accumulate the less identifiable or highly fragmented 
elements included mostly fragments from long bones, with a few other indeterminate elements. However, 
even when leporids and rabbit-sized mammals were combined, cranial, rib, and vertebral fragments were 
lacking (Figure 82). Only one cranial, one maxilla fragment, and three flat bones were found. No innominates, 
ribs, or rib fragments were identified. The largest portion of the Chiricahua phase bone was made up of very 
small, unidentified fragments, nearly 200 of which measured less than 5 mm in maximum dimension. It was 
highly fragmentary, 86 percent were identified only as long bone, flat bone, or entirely unidentifiable. The 
fauna was investigated first using regions defined by Waters (2005b). Most were indeterminate, but among 
the identifiable bone, lower leg bones far outnumbered those from all other regions (see Table 53). However, 
only some parts of the lower legs were present. When the lower leg bones were divided into lower front, 
lower hind, and feet (see Table 54) foot bones seemed underrepresented. Tibia, radius, ulna, and the calcaneus 
were represented, but carpals were absent and phalanges underrepresented. This could be related to recov-
ery bias, small phalanges and carpals could slip easily through a screen. Appendicular indeterminate made 
up 15 percent, and many of the upper hind and forelimb bones may have been in this category. Some meta-
podials were likely also hidden in the general appendicular indeterminate group. Axial elements were rare. 

Far fewer leporid and rabbit-sized mammal bones were recovered from San Pedro phase contexts than 
from Chiricahua phase and Cienega phase contexts, and any patterns may have been heavily influenced by 
the smaller sample size (Figure 83; see Tables 53 and 54). Identifiability was slightly better for the San Pedro 
phase bone than it was for the Chiricahua phase bone. As with the latter, cranial bones remained underrepre-
sented, but there was a higher proportion of axial bones. The biggest difference, when examined using Wa-
ters (2002) regions, was found in the upper and lower leg representation, with San Pedro phase bone having 
higher proportions of upper leg than lower leg bones than seen in the earlier phase and the Cienega phase. 

When examined with the more-detailed Stiner (1994) regions, it appears that more lower-front bones were 
present than other limb bones in the Cienega phase. More bones could be assigned to body regions in the Cienega 
phase leporids and rabbit-sized mammals compared to those found in Chiricahua phase contexts (Figure 84; 
see Tables 53 and 54). Lower leg bones made up the largest proportion of identified bone, in particular the 
bones of the lower front limb (see Table 53). Cranial and axial bones each contributed 10 percent. There were 
more grouped lower-leg bones than other regions, but cranial and axial bones were better represented than in 
the Chiricahua phase bone. Overall, element identifiability of rabbit-sized mammals was highest in the Cienega 
compared to San Pedro and Chiricahua. Overall, more elements of rabbit-sized mammals were identifiable 
in the Cienega phase collection compared to those from the San Pedro and Chiricahua stage. When the lower 
legs were examined in more detail (see Figure 84; Table 54), it becomes apparent that much of the difference 
can be explained by the presence of more foot bones from Cienega phase contexts.
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Table 53. Number of Leporid and Rabbit-Sized Mammal Specimens by Body Region (as defined by 
Waters [2002]) and Temporal Period, from Falcon Landing 

Region
Chiricahua San Pedro Cienega Cochisea

n % n % n % n %

Indeterminate 314 86 35 65 106 50 238 58

Cranial 4 1 1 2 21 10 14 3

Axial 2 1 5 9 21 10 8 2

Upper leg 14 4 8 15 11 5 43 10

Lower leg 30 8 5 9 53 25 108 26

Total 364 100 54 100 212 100 411 100

Key: Cranial = antler/horn, maxilla, and mandible, skull; axial = ribs, vertebra, sternum, innominate, and sacrum; upper leg = scapula, hu-
merus, femur, and tibia; and lower leg = ulna, radius, metapodicals, carpals, tarsals, phalanges, and sesamoids.
aArchaic-aged material that could not be assigned to a specific phase was classified as Cochise.

Table 54. Number of Leporid and Rabbit-Sized Mammal Specimens by Body Region (as defined by 
Stiner [1994]) and Temporal Period, from Falcon Landing

Region
Chiricahua San Pedro Cienega Cochisea

n % n % n % n %

Head 4 1 2 4 36 17 20 5

Neck — — — 1

Axial 1 4 7 16 8 6 1

Axial indeterminate 1 1 2 5 2 1

Upper front 7 2 1 2 8 4 24 6

Upper hind 1 2 4 2 1 4 1

Lower front 16 4 — 24 11 16 4

Lower hind 16 4 8 15 14 7 56 14

Feet 2 1 — 11 5 30 7

Appendicular 
indeterminate

55 15 25 46 75 35 223 54

Indeterminate 261 72 11 20 21 10 30 7

Total 364 100 54 100 212 100 411 100

Key: Head = mandible, maxilla, and skull; neck = atlas, axis, and cervical vertebrae; axial = thoracic and lumbar vertebrae, sternum, 
ribs, innominate, and sacrum; upper front = scapula and humerus; lower front = carpals, tarsals, metacarpals, radius, and ulna; upper 
hind = femur; lower hind = tarsals, patella, metatarsals, tibia, and fibula; and feet = phalanges and sesamoids.
a Archaic-aged material that could not be assigned to a specific phase was classified as Cochise.
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Figure 82. Leporid and unidentified rabbit-sized mammal bone recovered from 
Chiricahua phase contexts at Falcon Landing.

Figure 83. Leporid and unidentified rabbit-sized mammal bone recovered from 
San Pedro phase contexts at Falcon Landing.
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The proportions of long-bone ends, shafts, and complete bones were relatively consistent across time, 
with a few exceptions (Table 55). Ends made up between 20 and 29 percent of the Chiricahua phase and 
San Pedro, Cienega, and Red Mountain phases, and Cochise long bones. Shafts contributed 71–76 percent 
of the total count of long bones for early and late Chiricahua phase and San Pedro phase and the Cochise 
category, with a slightly lower proportion of shafts in Red Mountain phase contexts (67 percent). The low-
est percentage of shafts was from Cienega phase contexts (58 percent). Higher percentages of whole long 
bones were found in the Red Mountain and Cienega phases (compared to the other prehistoric samples), 
although the Red Mountain phase had a small sample size. No complete long bones were recovered in San 
Pedro phase contexts. Whole bones from the Cienega phase were dominated by those of the foot and lower 
leg, but also included humerus, radius, metacarpal and metatarsals, and phalanges. A single phalanx repre-
sented the only complete long bone from Chiricahua phase contexts, and the only complete bones from the 
Cochise category consisted of foot and lower leg bones, metatarsals, and phalanges.

The general Cochise category included bones from all body regions, and a high proportion of bone 
from lower limbs, but in contrast with the Cienega phase, there were more bones from the lower hind limb.

In general, the patterns suggest that carcasses may have been more intensively processed during the Chir-
icahua phase compared to the Cienega phase. This is supported by higher fragmentation (see Table 51), lower 
identifiability, and underrepresentation of body parts such as cranial and axial bones, which may have been 
smashed beyond recognition during bone grease rendering. Although cranial bones are underrepresented, at 
least a few fragmentary cranial elements are present in Chiricahua, San Pedro, Cienega, and Cochise, and 
these, with lower leg and foot bones, suggest that entire carcasses were at least sometimes present, either 
because hunters returned with complete, minimally processed animals or because the leporids were hunted 
or trapped on or near the site.

Figure 84. Leporid and unidentified rabbit-sized mammal bone recovered from 
Cienega phase contexts at Falcon Landing.
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Burning Patterns

Small animals may be cooked with the skin on to protect the meat from burning. This would reduce the 
chance that the bones beneath the meat would be burned as well. Vertebrae are covered with muscle and 
so would be protected from flames during cooking if the animals were roasted over a fire or cooked in the 
coals. The bones of the lower limbs, e.g., the radius and ulna, and tibiae and fibulae, are not meaty bones 
and are less protected than the more-meaty upper limbs, the humeri and femora. During cooking, the lower 
leg bones would have been exposed to fire more rapidly than the more-meaty, muscled portions. As might 
be expected, the upper leg bones recovered during the Luke Solar project exhibited lower percentages of 
burning. However, cranial bones in this collection, which were not protected by much muscle, and might 
have been expected to be burned, did not exhibit burning.

The burning patterns described here were limited by reduced visibility, and we must therefore rely much 
more heavily on observations of presence rather than absence, and few strong conclusions can be drawn on the 
limited data. The burning seen on Chiricahua, San Pedro, Cienega, and Late Cienega to Red Mountain phase 
leporids was not strongly patterned. Some bones with little meat covering were burned, but so were some bones 
that would have been more protected from flames by muscle and skin. The charring and calcination seen on 
meat-covered elements, such as the humerus and scapula, may indicate that these bones were deposited into the 
fire after the meat was removed. Some burning may reflect cooking, as with the thinly protected foot and lower 
leg bones and cranial fragments, but other examples of burning were likely the result from discard into fires.

Game Indexes 

Some animal populations increase as humans modify the natural environment. Such species may be attracted 
to increased water in canals, vegetation in cultivated fields, or certain vegetation thriving on disturbed land. 
Other taxa become less common when the environment is disturbed by human activity. The lagomorph in-
dex was designed to investigate changing frequencies of jackrabbits to cottontails, two genera that prefer 
different habitats. The artiodactyl index, which compares artiodactyl and leporid ratios, is used to investigate 
not only the degree to which the two orders contribute to the diet, but also long-distance hunting, or use of 
different environmental zones over time.

Table 55. Frequencies of Ends, Shafts, and Whole Elements for Long Bones of Leporids and Rabbit-
Sized Mammals, by Temporal Period for All Sites

Temporal Period
Long Bones Total Long 

Bones
Total Rabbit-Sized 

MammalsEnd Shaft Whole
n % n % n % n n

Sulphur Spring — 5 100 — 5 5

Early Chiricahua 19 23 62 76 1 1 82 350

Late Chiricahua 1 25 3 75 —   4 14

San Pedro 10 29 25 71 —   35 54

Cienega 34 26 76 58 21 16 131 212

Red Mountain 3 20 10 67 2 13 15 21

Pre-Classic 10 59 6 35 1 6 17 20

Classic 1 50 1 50 — 2 2

Historical period 91 24 114 31 167 45 372 647

Cochisea 65 21 227 72 23 7 315 426

Poorly dated 48 18 201 77 13 5 262 406

Not dated 2 50 2 50 — 4 4

Total 284 23 732 59 228 18 1,244 2,161

a Archaic-aged material that could not be assigned to a specific phase was classified as Cochise.
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Table 56. Faunal Indexes (All Sites Combined), by Temporal Period

Vertebrate 
Fauna (n)

Leporids 
(Percent of Total 

Vertebrates) 

All Rabbit-Sized 
Mammals (Percent of 

Vertebrates)

Taxa (n) Indexes

Jackrabbits Cottontails
Indeterminate 

Leporids

Indeterminate 
Rabbit-Sized 

Mammals
All Leporids Artiodactyls

Deer-Sized 
Mammals

All Rabbit-
Sized 

Mammals

All Deer-Sized 
Mammals

All Deer Size+ All 
Rabbit-Sized

Total Fauna
Lagomorph 

Index  
s/(s+l)

Artiodactyl 
Index A/  
(A+All 

Leporids)

Large Game 
Index (1) Deer 
Sized/ (Deer+ 
Rabbit Sized)

Large Game 
Index (2) Deer 
Sized/ Rabbit 

Sized

Early Chiricahua

484 7 72 17 15 3 315 35 — 19 350 19 369 497 0.47 0.00 0.05 0.05

Late Chiricahua

31 10 45 1 2 — 11 3 — 2 14 2 16 31 n/aa 0.00 0.13 0.14

Chiricahua (early and late combined)

515 7 71 18 17 3 326 38 — 21 364 21 385 525 0.49 0.00 0.05 0.06

San Pedro

108 9 49 8 2 — 43 10 — 2 53 2 55 109 0.20 0.00 0.04 0.04

Cienega

544 13 39 23 34 14 139 71 2 18 210 20 230 547 0.60 0.03 0.09 0.10

Late Cienega to Red Mountain (these specimens also included in Cochise)

145 18 73 18 6 2 80 26 2 12 106 14 120 146 0.25 0.07 0.12 0.13

Red Mountaina

37 14 57 1 3 1 16 5 2 2 21 4 25 38 n/aa 0.29 0.16 0.19

Cochiseb

688 15 59 68 27 8 300 103 4 35 403 39 442 917 0.28 0.04 0.09 0.10

Pre-Classic

57 18 33 2 5 3 9 10 — 2 19 2 21 57 n/aa 0.00 0.10 0.11

Historical Periodc

1851 13 32 110 102 33 344 245 3 11 589 14 603 1,852 0.48 0.01 0.02 0.02

Early Twentieth Century (Feature 1664)

1826 13 31 110 102 33 319 245 3 11 564 14 578 1,827 0.48 0.012 0.02 0.02

a Totals are too small to be reliable.
b Archaic-aged material that could not be assigned to a specific phase was classified as Cochise.
c Early-twentieth-century artiodactyls include one bone from a cow-sized artiodactyl.
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For the most part, the numbers of identifiable artiodactyl bones were too few for indexes to be reliable and 
so the large-game index was used instead. Ratios of deer-sized mammals to rabbit-sized mammals were very 
low in the Chiricahua phase and San Pedro phase, increasing slightly in the Cienega, the Late Cienega to Red 
Mountain, and Red Mountain phases. It is clear that large-game hunting was not an important activity during 
the time that people occupied the Luke Solar project area, though there is the possibility that animals were 
killed elsewhere, and the meat dried and brought to the sites. The Luke Solar project is located at ca. 325 m 
(ca. 1,066 feet) AMSL, so it is well below the 800-m break noted below, and so the low artiodactyl indexes 
are not surprising. But, the high proportions of cottontails do not fit with predictions based on elevations.

The lagomorph index measures the percentages of cottontails to jackrabbits and is a way to interpret 
changing intensity of site use, site size, and duration (Szuter 1989). The lagomorph index can be calculated 
in different ways, for example as S/(L+S) (S for Sylvilagus, and L for Lepus) (Dean 2007b) or L/S (Thiel 
1998), using either NISP or MNI. The MNIs for both genera were very low in this study and so the NISP 
was used. Cottontails and jackrabbits prefer different habitats and amount of ground cover, and the relative 
proportions of these two genera can provide clues to local environments and how these may have been im-
pacted by human activities. Cottontails prefer to crouch under the cover of vegetation for protection, while 
jackrabbits prefer open environments where they can see longer distances and escape predators (Hoffmeister 
1986). Whereas cottontails freeze and hide, jackrabbits flee. Decreasing lagomorph indexes indicate lower 
numbers of cottontails and may indicate changes in the environment, with more land cleared for growing 
crops (Szuter and Bayham 1989). Szuter and Bayham (1989:92) predict that there should be more cotton-
tails relative to jackrabbits in upland environments where vegetation is denser, and that the frequencies of 
cottontails will decrease the longer a site is occupied. Fewer cottontails are predicted in areas of longer or 
more-intense site occupation, with the accompanied vegetation clearance and loss of food and protection. 

Although the lagomorph index is employed to investigate environmental modification, there are other 
reasons why proportions of leporids may vary over time or between sites. Szuter (1989, 1991) found that 
the artiodactyl index increases in higher elevations, with indexes of 0–0.87 below 800 m and higher in sites 
above 800 m. A similar break was seen in leporid ratios, with more cottontails present in sites over 800 m in 
elevation than in sites below 800 m (Dean 2007b; Szuter 1989). More cottontails than jackrabbits were found 
in sites located along the Salt and Gila Rivers, and the cottontails increased in the pre-Classic and Classic 
periods. In contrast, in sites located on the Santa Cruz River, the proportions of cottontails decreased dur-
ing the same periods (Dean 2007b). The lowest lagomorph indexes are found in nonriverine settings (Szuter 
1989). Dean (2007b) reviewed 101 sites and compared the lagomorph indexes by site type, elevation, region, 
and time, and also considered prey choice, i.e., whether some species were preferred. She determined that 
differences in the relative proportion of jackrabbits to cottontails reflect more-complicated interactions be-
tween people and the environment than are often assumed. It is unlikely that variation in lagomorph indexes 
can be attributed to one cause. Of particular interest to the present project, logistic camps in nonriverine 
contexts tended to have higher lagomorph indexes than villages or farmstead/field houses (Dean 2007b). 

At 0.20, the index calculated for the San Pedro phase indicates a higher proportion of jackrabbits to cot-
tontails than were found in Chiricahua phase and Cienega phase contexts (Table 56), but only 10 specimens 
could be clearly identified to taxon from San Pedro phase contexts, and the high fragmentation and low 
identifiability may distort the perceived proportions. The lagomorph index for San Pedro phase contexts in 
the Luke Solar project collection was more or less in line with those reported for early San Pedro phase de-
posits at Las Capas by SWCA (Chapin-Pyritz 2007) and those reported by Desert Archaeology for the late 
San Pedro phase at Las Capas (Dean 2003). However, it was lower than that reported by Desert Archaeology 
for the early San Pedro phase at Las Capas (Dean 2003) and much lower than found at the San Pedro phase 
Home Depot site (Strand 1999) where the ratio was 0.58. The indexes for Middle and Late Archaic period 
contexts at New River (AZ T:4:122 [ASM]) (Potter 2000) were higher than those seen at Falcon Landing, at 
0.52. Cienega phase contexts at Las Capas, Los Pozos, and Stone Pipe (Dean 2003) had much lower lago-
morph indexes than those found in the Luke Solar project. The Luke Solar Cienega phase and Chiricahua 
phase lagomorph indexes were much higher than those for Middle Archaic period contexts excavated for 
the Picacho Reservoir project (Bayham et al. 1986).
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There were higher proportions of cottontails to jackrabbits in both the Chiricahua phase and the Cienega 
phase at Falcon Landing (see Table 56) compared with the San Pedro phase, which had more jackrabbits 
than cottontails. The San Pedro phase also had less than a quarter of the number of specimens the Chirica-
hua phase and Cienega phase did. More cottontails were seen in the Red Mountain phase as well, but the 
number of identifiable specimens was far too low to be reliable. Although the ratio was high in the Cienega 
phase, it was lower in contexts dating to the Late Cienega to Red Mountain phases. Unfortunately, there 
were too few identifiable leporids to construct indexes for later time periods, so we could not determine if 
this indicates any chronological trend. Interestingly, the lagomorph index for early-twentieth-century Fea-
ture 1664 was consistent with that for the Chiricahua phase. This feature likely represents a very different 
behavior than the prehistoric features, but it may include a more representative sample of the kinds of lepo-
rids available in the immediate area. Feature 1664 appeared to contain largely unprocessed carcasses and 
probably reflects a sample of individual animals of various undesirable taxa that were visible to the hunters 
at the time. Still, it may provide a partial snapshot of some of the taxa in the area. The lagomorph index for 
Historical period Feature 1664 was significantly higher than that of the prehistoric logistic camps examined 
by Dean, suggesting that even though jackrabbits took much of the blame for crop depredations in the early 
twentieth century, cottontails had a significant presence at least in our area. 

Humans do not always hunt game in direct proportion to their abundance in the environment. There 
may be cultural preference for one taxon over another, and, at least in times of relative plenty, this may af-
fect the ratios of bones recovered in archaeological sites. Cottontail bone is smaller, and broken cottontail 
bones may be lost during excavation more often than jackrabbit (Waters 2002:752), and so differences in 
the numbers of jackrabbits and cottontails may reflect, in part, excavation bias rather than hunting. The eth-
nographic Akimel O’odham preferred jackrabbits to cottontails (Rea 1998:132). Jackrabbits are larger, but 
they are also said to taste better than the smaller rabbits. Rea (1998:143) was also told that the black-tailed 
jackrabbit tastes a little tenderer than the antelope jackrabbit.

Density 

As noted above, the Luke Solar project Chiricahua phase features tended to have low frequencies of bone, 
with a few exceptions. In fact, most features of any age had very little fauna. Of 309 features and subfeatures 
containing bone, shell, or eggshell, 290 had less than 20 specimens and 274 less than 10. Only 4 features 
contained more than 100 specimens: Feature 1664 (n = 1,827), dating to the early twentieth century; Fea-
ture 18880 (n = 266), a nonthermal pit containing more than 200 shell beads dating to the transition between 
the Chiricahua and San Pedro stage; Feature 4235 (n = 270), a nonthermal pit dating to the Chiricahua phase; 
and Feature 3306 (n = 156), a poorly dated thermal pit. 

The density of bone per cubic meter excavated was calculated (Table 57), excluding mollusk shell and 
obviously intrusive bone. The densities were compared across time, and with a few exceptions tended to fall 
between 7 and 12 fragments per cubic meter. The results largely supported trends seen in the number of bone 
fragments recovered, with the exception of the Sulphur Spring phase and Classic period, two time periods 
with bone counts of only 5 specimens each. Both of these showed very high densities, probably because they 
were artificially inflated by multiplying a small excavated volume to attain a cubic meter. For example, in 
the case of the Sulphur Spring phase, even if only 1 bone fragment had been recovered, the density would 
still be calculated to 38 specimens per cubic meter.

Bone densities may increase slightly over time from the Chiricahua phase through the Cienega phase, 
although the differences are slight between the San Pedro and Cienega phases. Specimens assigned to the Red 
Mountain phase made up only ca. 1 percent of the total fauna (see Table 46; Appendix 4.2), with less than 
half as much bone as was recovered from San Pedro phase contexts and less than 10 percent of the amount 
recovered from either the early Chiricahua phase or the Cienega phase. Just as the bone counts were lower, 
the density of bone in Red Mountain deposits was also much lower than the density of bone in the combined 
Chiricahua phase and San Pedro and Cienega phases. Bone density was very high in the Historical period, 
but this is a direct result of Feature 1664, which also had the highest NISP of any feature.
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Waters (2005) found that bone densities at Las Capas and Los Pozos increased during site occupation, 
and suggests that lower densities at Las Capas indicated lower intensity human occupations, with fewer 
people occupying the area; hunting, processing, and consuming meat; and discarding bone. If the impor-
tance of animal foods remained constant over time, the gradual increase in bone density at Falcon Landing 
between the Chiricahua phase and the Cienega phase may similarly suggest that more people were present 
in the Cienega. Or the lower bone densities could also reflect a greater reliance on plant products and less 
energy devoted to hunting during the earlier times.

As an experiment, the large-game index was calculated substituting the densities of rabbit-sized and 
deer-sized mammals for specimen counts to create a large-game density index, with the understanding that 
the result, which represents a ratio of ratios, was unlikely to be directly comparable to published large-game 
indexes of other sites. The resultant ratios were surprisingly similar to the indexes calculated in the more 
usual manner. In most time periods, the ratios were usually within a few points of one another for the en-
tirety of the Chiricahua phase, and the San Pedro and Red Mountain phases, the Cochise category, and the 
Historical period. The ratios differed for two time periods: the standard large-game index was 0.10 for the 
Cienega phase, but the index derived from densities was slightly higher at 0.14. In contrast, the large-game 
index derived from densities was lower for the pre-Classic period at 0.05, compared to 0.11 using the stan-
dard large-game index based on NISP (see Table 56).

Comparison with other Sites 

Our understanding of Archaic hunting practices and foodways is hindered by the lack of identified sites with 
faunal material on the lower bajada. Only a few pieces of faunal bone were found in Sulphur Spring phase 
contexts at Tres Rios (AZ 11:94 [ASM]), including three calcined and fragmentary bones from a rabbit-
sized mammal, three Glycymeris shells, and snail shells from the channel (Graves et al. 2009). More Middle 
Archaic period sites and faunal collections have been reported, but faunal collections tend to be scarce and 
consist of few specimens. 

Deposits at the Last Ditch site (U:5:33 [ASM]) include Middle and Late Archaic period materials as well 
as a Hohokam surface scatter (Rogge and Phillips 2009a). Archaeologists have visited the site several times 
over the years. URS Corporation excavated Middle Archaic period contexts at the Last Ditch site in 2007 
but only recovered 8 bone fragments and all were interpreted as likely intrusive rodent bone. In addition, 

Table 57. Density of Bone per Cubic Meter, by Temporal Period, All Sites Combined

Temporal Period Number of Features Volume (m3) n Density per m3

Sulphur Spring 1 0.026 5 192.31

Early Chiricahua 39 55.582 445 8.01

Late Chiricahua 5 3.995 31 7.76

Early and late Chiricahua combined 44 59.577 476 7.99

San Pedro 15 10.125 105 10.37

Cienega 17 8.993 111 12.34

Red Mountain 5 13.327 36 2.70

Pre-Classic 4 4.935 46 9.32

Classic 2 0.069 5 72.46

Historical period 2 0.104 1,811 17,413.46

Cochisea 98 38.928 654 16.80

Poorly dated 86 35.995 545 15.14

Total 318 112.476 3,794 33.73

a Archaic-aged material that could not be assigned to a specific phase was classified as Cochise.
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2 land snails were also found (Albush 2009). The authors suggest that plant resources were likely a focus 
for the occupants, and that small game was only taken opportunistically (Phillips et al. 2009). Faunal bone 
from Archaeological Consulting Services (ACS) excavations at the Last Ditch site yielded 146 bones and 
fragments, but 133 of these were small fragments recovered from flotation that were largely unidentifiable 
beyond general size class. All bone that could be identified to at least size class belonged to smaller taxa, with 
3 jackrabbit bones, 37 small mammal, 8 rodent, and 1 bone that could have belonged to an animal larger than 
a jackrabbit (Phillips et al. 2001). The carbonate coating and staining seen on the bone from Falcon Landing 
was not mentioned for these specimens. The 1996 and 1997 excavations at Last Ditch produced only 8 faunal 
bones, including 2 jackrabbit bones, 4 medium-sized mammal bones from feature locations, and a jackrabbit 
and a kangaroo rat bone from nonfeature locations (Hunter 1998). The 3 jackrabbit specimens were all foot 
bones. Together, these results suggest that the faunal material from Last Ditch was generally highly frag-
mentary, with a focus on smaller taxa such as leporids and perhaps rodents rather than larger artiodactyls. 

North of our project area but still in Maricopa County, Stratum II of AZ T:4:122 (ASM) contained a 
mix of Middle and Late Archaic period deposits including 67 faunal specimens (Potter 2000; Potter and Fox 
2000). Although a few deer bones were found, the fauna was dominated by bone from smaller mammals 
such as jackrabbits, cottontails, and unidentified small mammals. A few rodent bones were also identified. 
Carbonate coating was seen on 13 percent of the bone.

Several Archaic period sites in the Harquahala Valley were investigated in the 1980s, and small faunal 
collections were recovered from four of these sites. Of these, the Lookout and the Apothecary sites con-
tained bone in sufficient quantities to compare. The Harquahala Valley sites are located at around 372–384 
m (1,220–1,260 feet) AMSL (Bostwick 1988). A strong difference between the bone from the four Harqua-
hala sites and the sites investigated by the Luke Solar project is in the identifiability of the bones. Analysts 
were able to identify 62 percent of the bone to level of order from the Harquahala Valley sites. These rates 
of identifiability suggest that the bone from the Harquahala Valley sites was much less fragmented than the 
bone from the present project. 

The Lookout site contained only 129 specimens, with seven distinct taxa, including sheep, jackrabbit, 
wood rat, cottontail, ground squirrel, badger, and fox. The lagomorph index for the San Pedro phase Look-
out site was only 0.05, and the artiodactyl index less than 0.02. The faunal collection at the Middle to Late 
Archaic period Apothecary site was dominated by tortoise shell bone, with Testudinidae and two jackrab-
bit, one cottontail, and one badger (Taxidea taxus) bone, with a MNI of one each of tortoise, jackrabbit, 
cottontail, and badger (Bostwick and Hatch 1988). Other sites in the general area date to the Archaic period 
but had little or no fauna. For example, at AZ T:2:1 (ASM), located about 67.6 km (42 miles) northwest of 
Phoenix, subsurface deposits were explored, but no faunal bone was found (Rice 1981).

Fauna was recovered from Middle Archaic period deposits at the Buried Dune, Gate, and Arroyo sites, 
all excavated as part of the Picacho Reservoir Archaic Project (Bayham 1986b). Archaeologists recovered 
449 bone fragments at the Arroyo site, but 82 percent was unidentifiable. Sixty percent of the identifiable 
fauna was jackrabbit, compared to 11 percent cottontails. Reptiles, including desert tortoise, horned lizard 
(Phrynosoma), and snake bones contributed 6 percent. Carnivora remains included fox, coyote, and badger. 
Deer and bighorn sheep bones were present as well. A few Pleistocene fossil bones were also found in this 
site. Fauna from the Buried Dune site (AA:3:16 [ASM]) consisted largely of leporid bone, with 1 lizard, no 
artiodactyl, 1 coyote, and 1 squirrel bone, but 70 percent of the 87 bones and fragments could not be identi-
fied. The fauna from the Gate site included 243 bones, but a much higher proportion could be identified than 
at the other two Middle Archaic sites investigated in this project. Only 49 percent of the fauna was uniden-
tifiable. Not surprisingly, leporid bone made up a high proportion of the collection, with 84 percent of the 
identifiable bone assigned to jackrabbit, cottontail, or indeterminate leporid. Carnivora remains at the Gate 
site included coyote, kit fox, and bobcat, and wood rat, kangaroo rat, ground squirrel and antelope ground 
squirrel were also recovered. The low identifiability of the bone from two of the three sites at Picacho in-
dicates high fragmentation, suggesting that the carcasses may have been heavily processed by the people 
of the Picacho Reservoir area. When faunal bone has been recovered in Middle Archaic period sites in the 
Phoenix area, it has generally been very fragmented and generally assigned to smaller taxa. Fragmentation 
can come about through cultural or noncultural processes. Waters (2005b) found increases in fragmentation 
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in Los Pozos and Las Capas from the San Pedro through the Cienega phases, but this pattern was not seen 
at Falcon Landing. Instead, the highest fragmentation was seen in the Chiricahua phase, although this may 
be partially influenced by the greater likelihood that bone was broken simply because it was older.

In the Tucson Basin, Middle Archaic period components were discovered at Los Pozos (Wöcherl 
1999) and Las Capas (Chapin-Pyritz 2007). The Middle Archaic period components at Los Pozos included 
283 highly fragmentary faunal bones, 197 (70 percent) of which were identifiable at least to size class, but 
only 43 percent could be identified to the level of order. Only 2 (0.7 percent of the total) complete elements 
were recovered, both of which were leporid foot bones. Leporids made up 75 percent of the identifiable 
bone and artiodactyls contributed only 17.6 percent. Far fewer rodent bones were found at Los Pozos com-
pared to the Luke Solar project sites. Relatively low proportions of leporid cranial and axial bones and high 
proportions of lower limb bones were seen in Los Pozos, Las Capas, Wetlands, and Santa Cruz Bend (Wa-
ters 2005b). Most leporid bones from the Middle Archaic period component of Los Pozos were from limbs 
and feet, but a few other body regions were represented. Artiodactyl bones included limb bones and antler 
(Wöcherl 1999).

Excavators of Middle Preceramic deposits at Las Capas recovered 38 pieces of faunal bone (Chapin-
Pyritz 2007), and as usual, leporids continued to dominate the identifiable bone (n = 21; 55 percent), but 
artiodactyls made up a much higher proportion, represented by 10 specimens (26 percent). Reptiles were 
few, and included 1 tortoise bone and 1 snake bone (2 percent each). No bird, rodent, or carnivore bones 
were identified. 

Fauna from the Fairchild site included 4,257 bones and fragments, 94 percent of which could not be 
identified beyond mammal size class (Windmiller 1973). Most were from small mammals; the remainder 
were identified as leporid, jackrabbit, cottontail, rodent, and unidentified large mammal bone.  Sixty percent 
of the bone from the Fairchild site was burned.  No other information is available, but the low identifiability 
reported suggests that the bone was probably highly fragmented.

The few known Middle Archaic period faunal collections from southern Arizona tend to be highly frag-
mented and are interpreted to have been heavily processed. The Luke Solar project fauna is no exception. 
Faunal diversity is harder to interpret because so many of the collections are very small, and there is some 
variability in the emphasis on different taxa, perhaps because of site or sample size, or site function. 

Over the last few decades, several large, well-documented Late Archaic/Early Agricultural period sites 
have been found and investigated, greatly increasing our understanding of this time period. Many of the larger 
faunal collections from Tucson Basin Late Archaic/Early Agricultural contexts were found in the floodplains 
(Waters 2005b; Wöcherl 1999) where a variety of riparian fauna were potentially available. Comprehensive 
studies of these large sites show that by the Early Agricultural period, agriculture was regularly practiced 
in the floodplain. Maize and beans were present at Las Capas in the early San Pedro phase (Diehl 2005), 
although cultivars had not yet replaced wild foods in importance (Diehl, ed. 2005). Leporids made up the 
highest proportion of the animal-based diet throughout the Late Archaic/Early Agricultural period (Waters 
2005b), but the ratios of jackrabbits to cottontails, the overall taxonomic richness, and the proportion of ar-
tiodactyls to leporids changed in response to increasing human sedentism. Environmental changes caused 
by variations in the size and duration of human settlements may have played a role as well. Lagomorph in-
dexes tend to become smaller, indicating a heavier reliance on jackrabbits than cottontails. Artiodactyl and 
large-game indexes grow larger in the Cienega phase compared to the San Pedro phase. The gradual changes 
seen in the Late Archaic/Early Agricultural period have roots in the previous period. Maize was rare in the 
Middle Archaic, but present (Roth and Freeman 2008). As more data have been recovered, it appears that 
the Middle Archaic was a time of transition as some southern Arizona groups began to add a few cultivars 
to their subsistence strategies while retaining a focus on wild plants and animals. 
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Summary and Conclusions

The animal remains from Falcon Landing provide clues to the poorly understood subsistence and hunting 
practices of the Middle and Late Archaic periods in the Phoenix Basin. As with the nearby Last Ditch site, 
the faunal remains from Falcon Landing and Site 68 were consistent with a pattern expected if people were 
drawn regularly to the site to procure and process plant foods—not to hunt and process faunal resources. The 
faunal remains seem to represent opportunistic hunting. In fact, it is possible that some animals could have 
been trapped in snares while prehistoric residents were engaged in other tasks. Subsistence patterns appear to 
have been relatively stable over time, as people repeatedly returned to the area to undertake the same tasks.

Hunters focused on leporids consistently over time. The leporids were heavily processed, and bone was 
highly fragmented from the Middle Archaic to the early historical period, the latter as evidenced by Fea-
ture 3767. Certain differences between the Chiricahua phase and the Cienega phase were suggested in the 
faunal collection, but there was insufficient comparative material to determine whether these patterns were 
widespread or unique to Falcon Landing. The bone was more heavily processed during the Chiricahua phase 
than the Cienega phase, as indicated by fragment size, lack of complete bones, and underrepresentation of 
certain body regions in Chiricahua phase contexts. High proportions of cottontails to jackrabbits were seen 
in the Chiricahua phase; jackrabbits increased in the San Pedro phase but decreased again in the Cienega 
phase. The low density of faunal remains per volume of excavated fill generally indicates low intensity of 
faunal exploitation over time, as might be expected if the site population was focused on gathering or pro-
cessing nonfaunal resources. There does not appear to have been any strong change over time in the preferred 
taxa or degree of processing that would indicate either increasing or decreasing occupational duration or 
intensity during the Archaic period. Future analysis may be able to confirm these patterns, as more Middle 
Archaic period sites with large faunal collections are discovered.

There was little faunal evidence that hunting parties traveled to higher elevations or other environmen-
tal zones to bring back deer, pronghorn, or sheep. Bird bone was rare throughout the long span of the site’s 
occupational record, and there was no evidence for special treatment of particular taxa, with the possible 
exception of an isolated skull of juvenile canid. The faunal data did not provide any information on sea-
sonality. There was no evidence for agriculture-related anthropogenic changes in the landscape in the pre-
twentieth-century material, but this is not surprising because there was no evidence for on-site agriculture. 
Feature 1664 provided a glimpse into what appears to have been a single, short-term hunting event in the 
early twentieth century. In contrast to the heavily processed leporids of the earlier times, these individuals 
appear to have been nearly complete when interred. Fragmentation was recent, as indicated by clean, white 
broken surfaces. The cow and sheep bones from this feature were probably the remains of a meal or two 
consumed by those engaged in the hunting episode. 

Faunal artifacts provided limited evidence of personal decoration (e.g., bone and shell beads) and tool 
use. An antler tine tool was likely used to manufacture, repair, or resharpen stone tools, and the awls could 
have been used to make baskets or skin containers used in processing plant resources. Use wear on one awl 
suggested contact with a soft material, but unfortunately, use-wear analysis was unproductive on most bone 
tools because of the thick carbonate layers that covered the bone. The heavy layer of possible additive polish 
found on one bone fragment was intriguing. In experimental work, such a polish was formed by allowing 
plant juices to dry on bone, but the exact cause of the shiny surface of the broken bone from Feature 5509 is 
unknown. The limited bone-tool collection may, at least in part, reflect the special-use and short-term occu-
pation of the site. Marine shell indicated some contact with the Gulf of California as early as the San Pedro 
phase, although it is not known whether this was by trade, person-to-person contact, or if it was collected 
by individuals or groups travelling to the coast.
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C H A P T E R  5

Ceramics

William M. Graves and David E. Doyel

In this chapter, we present the results of analysis of the small collection of ceramic sherds recovered from the 
Luke Solar project area. Ceramics were collected from Falcon Landing, Site 423, and a trench between Falcon 
Landing and Site 437, in Area A (see Figure 1, Volume 1). Despite the low frequency of ceramic remains, 
the analyzed collection provides insight into the use of the project area and some of the activities that may 
have been carried out there during both the Late Archaic/Early Agricultural period (1500 b.c.–ca. a.d. 50) 
and the Ceramic period (ca. a.d. 50–ca. 1450). The ceramic-function-analysis data from the collection sug-
gest occasional use of ceramic vessels in the project area to fulfill short-term liquid- or dry-storage needs 
and/or for cooking during the Ceramic period. Other analyses in this volume have concluded that the project 
area sites were not long-term or more-permanent habitations but are indicative of intermittent, short-term 
use of the area over time. Perhaps, inhabitants of nearby sites visited the project area to acquire resources, 
such as food resources or wood, and occasionally used vessels to support or provision such activities. In 
addition, the collection also contained two untempered rim sherds from small vessels that were recovered 
from buried contexts radiocarbon dated to between 1200 b.c. and 200 b.c. (the Late Archaic/Early Agri-
cultural period). These two sherds correspond to published descriptions of the incipient plain ware that has 
been recovered from buried features along the Santa Cruz River in the Tucson Basin and dates to as early 
as 2100 b.c. (Heidke 1999, 2005, 2006; see also Garraty 2011). To our knowledge, incipient plain ware has 
not been described previously from Archaic period sites in the Phoenix Basin. The inclusion of these two 
possible incipient plain ware fragments in the project collection is remarkable and provides some clues as 
to the very earliest stage of the development of ceramic technology in the Phoenix Basin.

Below, we describe the ceramic collection from the Luke Solar project and briefly detail the methods 
used to analyze the collection. Following that is a discussion of the different varieties or types we identified 
of the two wares present in the collection: plain ware and Hohokam Buff Ware. We then discuss the recovery 
contexts of the ceramic artifacts in the collection, focusing particularly on sherds recovered from features 
and other buried contexts at the project sites. Finally, we end the chapter with our thoughts on what the col-
lection can tell us about past use of the project area and the introduction of ceramic technology in the region.

The Collection and Methods

The ceramic collection consisted entirely of fragmented-vessel remains recovered mostly from the modern 
ground surface of the project sites. Phase 1 and 2 investigations resulted in the collection of 126 sherds from 
Falcon Landing, Site 423, and intersite areas within the project area. Of the 126 sherds, 125 were analyzed. 
In addition to the 126 collected sherds, 1 indeterminate plain ware sherd was recorded in the field, on the 
surface of Falcon Landing, but was not collected. Based on similarities in paste, temper, and surface color, 
we estimate that the maximum number of vessels represented by the analyzed collection is 111; however, 
the actual total number of vessels represented may be smaller. 

The analysis consisted of the recording of attribute data for all sherds and was conducted in two stages 
(Table 58). The first stage of analysis involved the recording of a limited set of attributes. All sherds were 
counted and coded for ceramic unit or vessel part, ware and type, sherd size, primary and secondary inclusions 
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(tempers), and general paint and slip color, when applicable. Ware and type assignments were made by David 
Doyel; inclusion types were identified by Doyel and William Graves, with assistance from Matthew Pailes 
and Jesse Ballenger; and all other attributes were recorded by Graves. The second stage of analysis consisted 
of the recording of additional data concerning aspects of vessel morphology and size for the eight recovered 
rim sherds. These attributes included vessel class, vessel form, rim form, wall angle, rim angle, shoulder 
type, rim-orifice diameter, and percent of orifice present. For analysis purposes, all conjoinable sherds were 
counted as one. Appendix 5.1 presents brief descriptions of the ceramic attributes recorded for this project.

The recording of vessel morphology and size attributes for rim sherds allowed for the identification of 
vessel-form functional categories for five of the eight rim sherds analyzed. These vessel-form functional 
categories were based on Braun’s (1980, 1983) method of inferring vessel function based on attributes of 
vessel size, shape, and orifice diameter. Using Braun’s methods, Heckman (2001, 2002) has developed a 
procedure whereby whole vessels or rim sherds can be assigned to one of Braun’s 42 vessel-function cat-
egories (Table 59) using the attributes recorded during the second stage of analysis. See Heckman (2002) 
and Garraty et al. (2011) for more detailed discussions of vessel-function analyses utilizing Braun’s (1980, 
1983) functional groups.

Table 58. Ceramic Variables Recorded during Analysis

Recorded Variable, by Analysis 
Stage

Variable Type Comments

Initial analysis

Count integer

Ceramic unit categorical Rim or body sherd.

Ware categorical Plain ware or Hohokam Buff Ware.

Type categorical Gila Plain, Gila variety; Gila Plain, Salt variety; indeterminate plain ware; 
indeterminate red-on-buff (painted); indeterminate buff ware (no paint); 
Sacaton Red-on-buff.

Sherd size categorical Rim or body sherd.

Primary-inclusion type categorical Rim or body sherd.

Primary-inclusion sorting categorical Rim or body sherd.

Primary-inclusion size categorical Rim or body sherd.

Secondary-inclusion type categorical Rim or body sherd.

Secondary-inclusion sorting categorical Rim or body sherd.

Secondary-inclusion size categorical Rim or body sherd.

Paint color (general), interior categorical Rim or body sherd.

Paint color (general), exterior categorical Rim or body sherd.

Slip color (general), interior categorical Rim or body sherd.

Slip color (general), exterior categorical Rim or body sherd.

Expanded analysis

Vessel class categorical Rim or body sherd.

Vessel form categorical Rim sherds only.

Rim form categorical Rim sherds only.

Wall angle categorical Rim sherds only.

Rim angle categorical Rim sherds only.

Shoulder type categorical Body sherd.

Rim-orifice diameter metric (cm) Rim sherds only.

Percent of orifice present percent Rim sherds only.
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Wares and Types in the Collection

Two wares, plain ware and Hohokam Buff Ware, were present in the project collection (Table 60). Each of 
these wares is described below. The plain ware consisted of three varieties, or “types”: Gila Plain, Gila vari-
ety; Gila Plain, Salt variety; and unidentified plain ware. The remainder of the collection was Hohokam Buff 
Ware (both painted and unpainted sherds), and the only identifiable type in the collection was the Sedentary 
period type Sacaton Red-on-buff. We identified two distinctive varieties of temper in the sherds of Hohokam 
Buff Ware in the project collection: a sand-tempered variety and a micaceous-schist-tempered variety. Inter-
estingly, phyllite-tempered Buff Ware, common in the Agua Fria drainage north of the Luke Solar Project, is 
not present in the collection.

Gila Plain

Gila Plain was the dominant plain ware throughout the Hohokam sequence (ca. a.d. 300–1450) (Garraty et al. 
2011; Haury 1965, 1976), and it was the most abundant ware in the project collection. Gila Plain sherds con-
stituted 77 percent of the analyzed sherd total. Gila Plain is commonly attributed to one of several varieties, 

Table 60. Frequencies of Analyzed Wares and Types, by Site

Ceramic Unit, by Ware/Type Falcon Landing Site 423 Nonsite Area Total

Gila Plain, Gila variety

Sherd, body 9 — — 9

Sherd, rim 1 — — 1

Subtotal 10 — — 10

Gila Plain, Salt variety

Sherd, body 43 39 1 83

Sherd, rim 3 — — 3

Subtotal 46 39 1 86

Indeterminate Hohokam buff (no paint)

Sherd, body 12 — — 12

Sherd, rim 1 — — 1

Subtotal 13 — — 13

Indeterminate plain

Sherd, body 1 — — 1

Sherd, rim 2 — — 2

Subtotal 3 — — 3

Indeterminate Hohokam red-on-buff

Sherd, body 6 — — 6

Subtotal 6 — — 6

Sacaton Red-on-buff

Sherd, body 5 — — 5

Sherd, rim 2 — — 2

Subtotal 7 — — 7

Total 85 39 1 125
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based on temper (see Doyel and Elson 1985; Garraty et al. 2011:336–337), and two varieties of this ware 
were present in the project collection: Gila variety (n = 10) and Salt variety (n = 86).

Gila Plain at Snaketown was described by Haury (1965, 1976). There, Gila Plain sherds constituted be-
tween approximately 60 and 95 percent of each phase assemblage and decreased in relative frequency through 
time (Haury 1965:Figure 107). Gila Plain vessels were used for cooking and storage and came in varieties 
of bowls, jars, and miscellaneous forms (scoops, rectangular vessels, legged vessels, colanders, and “heavy-
walled” vessels) (see Haury 1976:Figure 12.58). The surfaces of Gila Plain vessels range from light brown 
to gray in color and often exhibit fire clouding, which resulted in variation in surface color on individual ves-
sels (Haury 1965: 206, 1976:223). Vessel thickness is also variable, depending on where the measurement is 
taken (e.g., at the rim, shoulder, or base) and intended vessel function. Haury (1976:223) described Gila Plain 
vessels as generally not slipped and the interior and exterior vessel surfaces as often not finished or modified, 
other than occasional instances of the expedient polishing of some vessel exteriors. However, exterior-surface 
polishing (perhaps with pebbles) is more typical of both late pre-Classic period and Classic period Gila Plain. 

Gila Plain, Gila Variety

Gila Plain, Gila variety, was described by Doyel and Elson (1985:452) from site collections in the New River 
drainage, located approximately 24 miles northeast of the Luke Solar project area. Sherds of this variety ex-
hibited angular micaceous-schist temper with small amounts of angular quartz and muscovite particles and 
were not slipped. Gila Plain, Gila variety, sherds from the New River project were also rarely blackened, 
and polishing and smudging were not observed (Doyel and Elson 1985:452). Doyel and Elson (1985:452) 
reported that the Gila Plain, Gila variety, sherds recovered from the New River project were similar in tem-
per to Gila Plain, Gila variety, sherds recovered from the Cashion site, near the confluence of the Gila, Agua 
Fria, and Salt Rivers, and that no micaceous-schist sources are known for the New River drainage. They fur-
ther suggested that Gila variety vessels were produced in a geographically restricted area where micaceous 
schist was available and were imported into the New River area (Doyel and Elson 1985:452). 

Gila Plain, Gila variety, sherds (n = 10) constituted 8 percent of the total analyzed Luke Solar project 
collection. Figure 85 presents a sample of the Gila Plain, Gila variety, sherds recovered from the project area. 
Gila Plain, Gila variety, sherds range from light yellowish brown (10YR 6/4) to very dark gray (10YR 3/1) 
in surface Munsell color and from 3 to 6 mm in sherd thickness. None of the analyzed Gila variety sherds 
were smudged, burned, or sooted; however, several were blackened. In total, 1 rim sherd and 9 body sherds 
were typed as Gila Plain, Gila variety. All Gila Plain, Gila variety, sherds contained angular micaceous-schist 
temper with abundant mica flecks. The inclusions were medium- to coarse-sand-sized (1/4–1-mm) particles 
that were medium to poorly sorted. The angularity of the particles suggests that the tempering material was 
crushed before it was combined with the clay. Mica flecks were also commonly observable on the surfaces 
of sherds. The single rim sherd was from a plate that was approximately 19 cm in diameter (see Figure 85). 
The plate rim was not assigned to a Braun functional group (Table 61); however, based on its form, it was 
likely used for food presentation or consumption.

Gila Plain, Salt Variety

Doyel and Elson (1985:451–452) also described Gila Plain, Salt variety, from New River sites, where a variety 
of this pottery is thought to have been produced (Doyel and Elson 1985:510–511). Salt variety sherds were 
the most abundant among the plain ware sherds recovered from the Luke Solar project area (see Table 60). 
Sherds of this variety contain temper consisting of rounded to subrounded sand and quartz particles with 
secondary inclusions of muscovite, biotite, plagioclase, chert, crushed sherds, and a variety of other rock 
and mineral inclusions (Doyel and Elson 1985:451). Salt variety sherds in the New River project collection 
ranged from light brown to reddish or dark brown, and fire clouds were observed on over half the sherds 
recovered. Sherd surfaces were smoothed and occasionally wiped, and surface finishes, such as smudging, 
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Figure 85. Selection of Gila Plain, Gila variety, sherds: (a) body sherd, Catalog No. 0400104C8; 
(b) body sherd, Catalog No. 04000BE65; (c) plate-rim sherd, Catalog No. 04000F9D5; and (d) body 
sherd, Catalog No. 04000F397. Sherd exteriors are shown to the left, and interiors are shown to the 

right.
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polishing, and the application of slips, were observable on 5 percent or fewer of the sherds attributed to this 
variety (Doyel and Elson 1985:451–452).

In total, 86 sherds (or 69 percent of the analyzed sherds) in the Luke Solar project collection were typed 
as Gila Plain, Salt variety (Figure 86; see Table 60). We estimate that these 86 sherds represent the remains 
of, at most, 83 vessels, given similarities in surface color, paste color, and temper. Salt variety sherds con-
tain either rounded quartz and feldspar inclusions or quartz inclusions only. Secondary inclusions include 
a variety of fine-grained volcanic stone (likely basalts), granitic particles, gold mica, and schist. Primary 
and secondary inclusions were poorly sorted to well sorted and were medium- to coarse-sand-sized (1/4–1-
mm) particles. The rounded and subrounded shapes of the inclusions in the sherds of this variety suggest 
that relatively unprocessed sands were selected for tempering agents and that these sands were not crushed. 
Salt variety sherds range from very pale brown (10YR 7/3) to very dark grayish brown (10YR 3/2) in sur-
face Munsell color and from 4 to 7 mm in thickness. Only 1 sherd was blackened, and none was sooted or 
smudged. In total, 3 rim sherds and 83 body sherds were typed as Gila Plain, Salt variety. One of the 3 Salt 
variety rim sherds could be assigned to the short-term liquid-storage/cooking Braun functional group.

Unidentified Plain Ware

We were not able to assign ware or variety to three plain ware sherds in the project collection (see Table 60). 
These sherds included a very thick and heavily tempered body sherd that measured approximately 1.4–1.8 cm 
in thickness. It bears a resemblance to Haury’s (1965:207–209, 1976:Figure 12.58) heavy-walled Gila Plain 
vessels from Snaketown. The remaining two unidentified plain ware fragments were an untempered rim sherd 
with a small possible plagioclase inclusion and an untempered rim sherd from a miniature bowl.

The untempered rim sherd containing the plagioclase inclusion was recovered from the fill of a pit, 
Feature 15482 at Falcon Landing, that yielded a calibrated radiocarbon date of 1200–1000 b.c. (San Pedro 
phase) (see Chapter 2). It exhibited a possible incising mark on its exterior surface (Figure 87) and may 
represent a fragment of a vessel of an incipient plain ware described by Heidke (1999, 2005, 2006; see also 
Garraty 2011) from Archaic period sites in the Tucson Basin. The sherd tapers in width at the rim, and we 
were not able to determine the original vessel form or the Braun functional group (see Table 61). The origi-
nal vessel may have been 8 cm in diameter, and we estimate that approximately 5 percent of the original 
vessel orifice was represented by the sherd. We discuss this sherd and its context of recovery further in later 
sections of this chapter.

The untempered rim sherd from a miniature bowl was recovered from TP 8874 at Falcon Landing (Fig-
ure 88). TP 8874 was excavated through Unit III2, which has been dated to the interval of 720–200 b.c. 
(Cienega phase). The rim-diameter measurement for this miniature-bowl fragment was 4 cm, and it had an 
unknown specialized function (see Table 61). Given the age of the deposit from which the bowl-rim sherd 
was recovered, it may be from another incipient plain ware vessel. We discuss the bowl-rim sherd and its 
recovery context further in later sections of this chapter.

Hohokam Buff Ware

Hohokam Buff Ware was the main decorated ceramic ware during the Hohokam pre-Classic period and was 
first described in detail by Haury (1965, 1976), from Gila Pueblo excavations and subsequent University of 
Arizona excavations at Snaketown. Hohokam Buff Ware is distributed throughout central and southern Ari-
zona and consists of multiple red-on-buff types produced throughout the Hohokam pre-Classic period and into 
the early Classic period (see Heckman et al. 2000). The paste color of Hohokam Buff Ware ranged through 
time from brownish gray to a rosy pink to buff (Heckman et al. 2000:97–98). Hohokam Buff Ware vessels 
were often tempered with crushed schist or other metamorphic rock (Heckman et al. 2000:97–98). Surface 
finishes included incising of the exterior surfaces on earlier types, and jar exteriors and bowl interiors and 
exteriors were often lightly polished or hand-smoothed. Fire clouding is commonly observed on Pioneer and 
early Colonial period Hohokam Buff Ware sherds (Heckman et al. 2000:98), and the paint used to decorate 
buff ware types was “a red, ocherous hematite pigment” (Heckman et al. 2000:98). Whitish slips were used 
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Figure 86. Selection of Gila Plain, Salt variety, body sherds: (a) Catalog No. 04000C195, 
(b) Catalog No. 0400104C6, and (c) Catalog No. 04000EA29. Sherd exteriors are shown to 

the left, and interiors are shown to the right.
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during the Colonial and Sedentary periods. Varieties of bowls, jars, and miscellaneous forms of Hohokam 
Buff Ware were produced; the most distinctive forms were flare-rimmed bowls and Gila-shouldered jars 
(Heckman et al. 2000:98).

The only identifiable type found in the Luke Solar project collection was Sacaton Red-on-buff (see 
Table 60). Sacaton Red-on-buff vessels were produced during the Sacaton phase or Sedentary period 
(ca. a.d. 950–1150), and they possess a pinkish buff-colored paste, often with complex designs utilizing a 
variety of different decorative motifs painted on bowl interiors and jar exteriors (Haury 1965:171; Heck-
man et al. 2000:103). Vessels include a variety of bowls, jars, and miscellaneous forms (Haury 1965:171).

The 26 sherds (21 percent) in the analyzed Luke Solar project collection identified as Hohokam Buff 
Ware were assigned to one of three categories: unpainted (n = 13), painted (n = 6), and Sacaton Red-on-
buff (n = 7) (see Table 60). We estimate that these 26 sherds represent a maximum of 15 vessels, based on 
similarities in surface color, paste color, and inclusions. Within each of the buff ware categories, we identi-
fied three distinctive inclusion types: micaceous schist (n = 17), sand or quartz (n = 8), and granite (n = 1). 
The sherd with the granite inclusion was an indeterminate buff (no paint) body sherd tempered with what 
appeared to be medium-sorted, medium-sand-sized (1/4–1/2-mm) granitic particles. We briefly discuss the 
types with micaceous-schist and sand or quartz inclusions below.

Micaceous-Schist-Tempered Buff Ware

A range of inclusions was identified in what we defined as micaceous-schist-tempered buff ware sherds. Pri-
mary inclusions ranged from poorly sorted to medium-sorted fine-sand-sized (1/8–1/4-mm) to medium-sand-
sized (1/4–1/2-mm) quartz or schist particles. Secondary inclusions included well-sorted fine-sand-sized mica 
particles with occasional medium-sorted fine-sand-sized quartz and schist. Occasionally, possible carbonate 

Figure 87. Possible incipient plain ware rim sherd 
from Feature 15482 at Falcon Landing (Catalog No. 
0400104C9). The sherd exterior is shown to the left, 

and the interior is shown to the right.

Figure 88. Possible incipient plain ware bowl-rim 
sherd from TP 8874 at Falcon Landing (Catalog No. 
04000D7F5). The sherd exterior is shown to the left, 

and the interior is shown to the right.
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nodules were also observed as secondary inclusions. Well-sorted mica flecks were also often visible on the 
surfaces and in the pastes of micaceous-schist-tempered sherds. The angularity of inclusions in this category 
of sherds suggested that the tempering materials were crushed during the manufacturing process.

Figure 89 presents a selection of the micaceous-schist-tempered buff ware sherds from the Luke Solar 
project collection. The unpainted surfaces of micaceous-schist-tempered buff ware sherds range from pale 
yellow (2.5YR 7/4) and very pale brown (10YR 8/4) to brownish yellow (10YR 6/6) in Munsell color, and 
sherds range from 5 to 8 mm in thickness. In total, 1 rim sherd and 16 body sherds from the Luke Solar proj-
ect were typed as micaceous-schist-tempered buff ware. The rim sherd was from a sharply everted Sacaton 
Red-on-buff jar with a neck that was assigned to the functional group of short-term liquid or dry storage/
cooking (see Table 61).

Sand-Tempered Buff Ware

Sand-tempered buff ware sherds have been identified in site collections from the New River drainage and are 
considered to be products of local manufacture (Doyel and Elson 1985:510–511). The sand-tempered buff 
ware sherds in the Luke Solar project collection were primarily tempered with rounded and angular quartz 
particles that were medium sorted and fine-sand sized (1/8–1/4 mm). Secondary inclusions of fine-grained 
volcanic particles, possibly basalt, were also observed. These basalt particles were also medium sorted and 
fine-sand sized. Several sherds also exhibited some kind of precipitate inclusion similar to the possible car-
bonate inclusions of the micaceous-schist-tempered buff ware sherds. However, we placed drops of diluted 
hydrochloric-acid solution on several sherds with these inclusions, and none reacted. Thus, we suspect that 
these precipitate inclusions may be another mineral, such as gypsum, and may have resulted from postde-
positional processes and not intentional inclusion of the material in the ceramic paste of the vessels.

A selection of sand-tempered buff ware sherds from the Luke Solar project collection are shown in Fig-
ure 90. The unpainted surfaces of sand-tempered buff ware sherds range from very pale brown (10YR 8/4) to 
brownish yellow (10YR 6/6) in Munsell color, and sherds range from 4 to 6 mm in thickness. In total, two rim 
sherds and six body sherds were typed as sand-tempered buff ware. Both rim sherds were from jars with necks, 
and both were categorized as fragments of vessels used for short-term liquid storage/cooking (see Table 61).

The Recovery Contexts of Ceramics in the Luke Solar Project Area

Though rare, ceramics were recovered from a variety of contexts in the project area (Table 62). The major-
ity of sherds (68 percent) were recovered from Falcon Landing, and the majority of the remainder (31 per-
cent) were recovered from the surface of Site 423 (see Table 62). The Site 423 ceramics consisted entirely 
of Gila Plain, Salt variety, body sherds (see Table 62) collected from two surface locations, PDs 14 and 16 
(see Figure 234, Volume 1). Only one sherd was recovered from a nonsite context: a Gila Plain, Salt variety, 
body sherd that was grab-sampled from TR 10067, in the northeastern portion of the project area (Area A), 
between Falcon Landing and Site 437 (see Table 62).

Falcon Landing

The ceramic collection from Falcon Landing was composed of 69 percent plain ware and 31 percent Ho-
hokam Buff Ware (see Table 62). The plain ware from Falcon Landing was dominated by Gila Plain, Salt 
variety, which made up 78 percent of all plain ware sherds from the site. The micaceous-schist-tempered 
Gila Plain, Gila variety, sherds constituted only 17 percent.
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Figure 90. Selection of sand-tempered Hohokam Buff Ware sherds: (a) body sherd, Catalog No. 
04000BD21; (b) body sherd, Catalog No. 04000BCD1; (c) body sherd, Catalog No. 04000BCD0; 

(d) body sherd, Catalog No. 04000BCA6; (e) jar-rim sherd, Catalog No. 04000F395; and (f) jar-rim 
sherd, Catalog No. 04000BCD2. Sherd exteriors are shown to the left, and interiors are shown to the 

right.
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All 26 buff ware sherds in the project collection were recovered from Falcon Landing. Only 2 of the 
26 were recovered from buried contexts (see Table 62). The majority of buff ware sherds (65 percent) were 
micaceous-schist tempered. As discussed earlier, only 7 buff ware sherds were attributable to a type—Saca-
ton Red-on-buff, which dates to the Sedentary period (ca. a.d. 950–1150).

Buried Contexts

Sherds recovered from buried contexts represented 13 percent of the analyzed collection (see Table 62). Three 
of these sherds were Gila Plain, Salt variety, body sherds that were grab-sampled from the excavation of 
two trenches: TR 2217 at Falcon Landing and TR 10067 in Area A. A single indeterminate plain ware sherd 
was recovered from Level 3 of TP 8874 at Falcon Landing (see Table 62), and as discussed above, it was an 
untempered miniature-bowl fragment with a rim-diameter measurement of 4 cm (see Figure 86). Level 3 
of TP 8874 was excavated within Unit III2, which dates to 720–200 b.c. (Cienega phase) (see Chapter 2). 
Given the age of this allostratigraphic unit, the untempered sherd recovered from the test pit may be a frag-
ment of an incipient plain ware vessel. The size of the original vessel and the lack of temper matched well 
the descriptions of incipient plain ware remains from Cienega phase (ca. 800 b.c.–a.d. 150) Tucson Basin 
sites (see Heidke 1999, 2005, 2006), and given the existence of one other untempered sherd recovered from 
a Late Archaic period buried context (see below), we suspect that the untempered sherd from the test pit is 
an incipient plain ware sherd.

In total, 12 sherds were recovered from feature fill, all at Falcon Landing (see Table 62). The majority 
of those 12 corresponded to the radiocarbon or stratigraphic dates associated with the features within which 
they were recovered. Features 3963, 4626, 10514, 15044, and 19067 all contained sherds the production-
date ranges of which overlapped with the radiocarbon- or stratigraphic-date ranges for their respective fea-
tures (see Table 62). 

The fill of pit Feature 14959 contained a single sand-tempered plain ware sherd (see Table 62). This 
relatively large (17–49-cm2) sherd was identified as Gila Plain, Salt variety, and was indistinguishable from 
other sherds attributed to that variety (see Figure 86). Feature 14959 also yielded a Middle Archaic period 
radiocarbon date of 2130–1940 b.c. (early Chiricahua phase) (see Chapter 2). This date is obviously incompat-
ible with the production-date range of Gila Plain (see above discussion) and with the earliest-known dates of 
the adoption of ceramic-vessel technology (the Late Cienega phase [ca. 400–1 b.c.]) (see Garraty 2011:220). 
Thus, we strongly suspect that the sherd was intrusive and postdates the use and abandonment of the feature. 

As we discussed above, the fill of pit Feature 15482 contained an untempered plain ware rim sherd (see 
Figure 87). Given the radiocarbon date from the feature (1200–1000 b.c., or the San Pedro phase) (see Chapter 
2), it is possible that the sherd may be a fragment of a vessel of an incipient plain ware described by Heidke 
(1999, 2005, 2006; see also Garraty 2011) from Archaic period sites in the Tucson Basin. The sherd has a 
possible incising mark on its exterior and tapers in width at the rim. It may be from a relatively small vessel 
(approximately 8 cm in diameter) (see above). The possible incising, the lack of temper, and the small original 
vessel size all correspond to published descriptions of incipient plain ware (see Heidke 1999, 2005, 2006). 

Discussion

We end this chapter with a discussion of the major research issues that emerged from our analysis of the 
ceramic collection from the Luke Solar project. We identify three broad research issues to which the col-
lection can productively contribute: (1) past ceramic use in the project area, (2) ceramic production and ex-
change in the local area, and (3) incipient plain wares and the invention stage of ceramic technology in the 
Phoenix Basin.
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Ceramic Use in the Project Area

The low frequency of ceramic remains recovered from the project area attests to what undoubtedly was the 
relative rarity of ceramic use in this location in the past. Overall, the small sample generally reflects what could 
be seen, in terms of types and wares, in much larger samples of ceramics from this area. With the exception 
of the likely intrusive Gila Plain, Salt variety, sherd in early Chiricahua phase Feature 14959 (see above), the 
recovery contexts and wares and types identified among the sherds in the collection suggest that the use of 
ceramics in the project area largely dates to the interval of a.d. 1–1450. Gila Plain dates to ca. a.d. 300–1450, 
and the only datable buff ware in the collection was Sacaton Red-on-buff, which dates to ca. a.d. 950–1150. 
Notable for its absence is red ware pottery, a hallmark of the late prehistoric Classic period (a.d. 1150–1450) 
(Heckman et al. 2000). Given the total lack of red ware in this collection, we can further refine the dates to 
a.d. 50–1150. Assuming that the sherds in the collection represented the remains of vessels used in the proj-
ect area, and given our estimate of 111 vessels represented in the collection, which is likely a high estimate 
(see above), we estimated that approximately 8 vessels were broken and discarded in the project area every 
100 years. This low breakage rate suggests that ceramic vessels were infrequently used in the past.

What little ceramic-function information we could glean from the collection suggested that ceramic ves-
sels fulfilled short-term-liquid- or dry-storage needs and/or cooking functions (see Table 61). The collection 
did not appear to reflect the use of the project area as a primary habitation, such as a hamlet or village site, 
and would seem to suggest the limited use of project sites during the Ceramic period. This conclusion is 
supported by other archaeological evidence from the project that also suggests intermittent, short-term use 
of the area over time. The varieties of storage, food-preparation, cooking, and food-presentation activities 
that would be reflected in a village ceramic assemblage were absent from the Luke Solar project collection 
(see Doyel and Elson [1985] for an example of more-diverse habitation-site assemblages). The collection 
seems to be dominated by the remains of jar forms (or, at least, a relative lack of identifiable bowl forms) 
that were relatively small in size (see Table 61). It appears likely that the ceramic collection consists largely 
of the remains of vessels used to provision individuals or a small group with food or water for short periods 
of time. We surmise that the people who used and discarded ceramics in the project area were inhabitants 
of nearby habitation sites who perhaps acquired and processed food resources in the area and/or collected 
wood from the area on an occasional basis, or who perhaps simply passed through the area.

Ceramic Production and Exchange in the Local Area

The ceramic collection also provided some possible clues regarding ceramic production and exchange in 
the area. Although there was no evidence of ceramic manufacture within the project area itself (e.g., green 
vessels, raw materials, or tools), the presence of both micaceous-schist-tempered and sand-tempered vari-
eties of both Gila Plain and Hohokam Buff Ware in the collection suggests that both locally produced and 
imported ceramics may have been used and discarded in the project area. Doyel and Elson (1985) argued 
that sand-tempered varieties of Gila Plain and Hohokam Buff Ware were manufactured using locally avail-
able tempers in the New River drainage and that micaceous-schist-tempered varieties of Gila Plain and Ho-
hokam Buff Ware were imported into the New River drainage from production locales along the Salt and 
Gila Rivers. We know of no local sources of micaceous-schist temper materials in the surrounding area, and 
given the nearly 3.5:1 ratio of sand-tempered varieties of Gila Plain and Hohokam Buff Ware to micaceous-
schist-tempered varieties in the project collection, it seems reasonable to assume that sand-tempered sherds 
were of local manufacture and that micaceous-schist-tempered sherds were produced along the Gila River, 
to the southeast of the project area. 

If this assumption is correct, then it would appear that the majority of plain ware vessels used in the lo-
cal area may have been locally produced (see Table 62). Conversely, the majority of buff ware vessels may 
have been imported into the area, because approximately 65 percent of the buff ware in the project collection 
was micaceous-schist tempered (see Table 62). Interestingly, there were slight but discernible differences in 
surface and paint colors and in design execution between the two temper varieties of Hohokam Buff Ware 
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that may provide clues to differences in the overall appearance of locally produced and imported wares (see 
Figures 89 and 90). The paint of sand-tempered buff ware appears more watery, less precise in application, 
and darker in color than the paint of micaceous-schist-tempered buff ware. Sand-tempered buff ware also 
lacks the micaceous sheen commonly seen in the surfaces of the micaceous-schist-tempered variety. These 
distinctions in appearance from one temper variety to another suggest that the vessels themselves were 
likely distinctive and that one would have been able to easily determine the place of manufacture of a vessel 
from only a cursory examination. The complete absence of phyllite-tempered pottery, commonly known as 
Wingfield Plain, from the Luke Solar project collection is somewhat surprising, given that production areas 
for this pottery are close by, to the north and east (Doyel and Elson 1985).

Incipient Plain Wares and the Invention Stage of Ceramic  
Technology in the Phoenix Basin

Importantly, we identified two possible incipient plain ware rim sherds, each from a dated Late Archaic pe-
riod buried context (see Figures 87 and 88 and above discussions). These sherds were the remains of two 
small, untempered vessels and closely resembled published descriptions of incipient plain ware from Ar-
chaic period sites in the Tucson Basin (Heidke 1999, 2005, 2006). Finding two possible incipient plain ware 
fragments from Late Archaic period buried contexts in the project area (San Pedro phase Feature 15482 and 
Cienega phase Level 3 of TP 8874) is remarkable and provides the basis for hypothesizing about the earli-
est stage of the development of ceramic technology in the Phoenix Basin.

We know of no other possible incipient plain ware in the desert Southwest from sites outside the Tucson 
Basin (but see Garraty 2011). It seems likely that the production and use of such early ceramics were ex-
ceedingly rare. Heidke et al. (1998) have suggested that these vessels were only produced about once a gen-
eration at the Tucson Basin sites where they have been documented. These very earliest vessels were likely 
used in ceremonial contexts for ritual drinking or as prayer bowls and were not used for domestic functions, 
such as cooking or food or liquid storage (Heidke 1999). The small rim diameters and the lack of temper of 
the two possible incipient plain ware sherds from the Luke Solar project were consistent with the attributes 
that Heidke (1999) examined to identify possible functions of these earliest vessels. These two sherds may 
represent fragments of small vessels that were ill equipped to function as cooking or storage vessels.

The possible occurrence of incipient plain ware in the Phoenix Basin contemporaneous with its adop-
tion and use in the Tucson Basin suggests that the very earliest adoption of ceramic technology in the desert 
Southwest may have been more widespread geographically than previously thought. Models of the earliest 
development of ceramic technology in the region (e.g., Garraty 2011; Heidke 1999, 2005, 2006) have identi-
fied the Santa Cruz River valley in the Tucson Basin as the locus of what Rice (1999) called the “invention” 
stage of ceramic adoption. It is surmised that in that stage, early potters occasionally experimented with 
ceramic technology, making small vessels for nonpractical or nonutilitarian uses, and that the social and 
economic contexts of pottery use shifted to eventually support or encourage the adoption of a widespread, 
practical container technology for domestic consumption. The invention stage preceded the “innovation” 
stage, which was the stage in ceramic development when container technology became widespread, and 
pottery was used for everyday domestic tasks, such as cooking, storage, food preparation, and food presen-
tation (Garraty 2011; Rice 1999).

In the desert Southwest, the invention stage of pottery development has, until now, only been identified 
in the Tucson Basin. There, incipient plain ware vessel fragments have been identified from sites along the 
Santa Cruz River, in buried contexts dating back as far as 2100 b.c. The majority of incipient plain wares, 
however, have been recovered from contexts dating to the Cienega phase (ca. 800 b.c.–a.d. 50) (Garraty 
2011:220). Thus, these vessels would have preceded the adoption of a more practical, utilitarian, domestic 
ceramic technology by 500–1,000 years (Garraty 2011:220). By the first few centuries a.d., Tucson Ba-
sin inhabitants produced more utilitarian vessels for a wide range of domestic needs. This shift in ceramic 
technology has been related to contemporaneous trends toward intensification in agriculture and settlement 
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permanence and density (see Garraty 2011:231–232; Heidke 1999:331–332). Garraty (2011:231–232) ar-
gued that along the Queen Creek drainage, in areas from which evidence of the invention stage of ceramic 
development is absent, the adoption of a domestic ceramic technology was part of an overall trend of in-
creasing privatization and household control over resources that was related to increasing intensification in 
the exploitation of plant resources and increasing residential stability. 

With the discovery of potential incipient plain wares from Falcon Landing, it appears that processes of 
ceramic adoption similar to those in the Tucson Basin and the Queen Creek drainage were in play in the 
Phoenix Basin, as well. The production and occasional use of small, untempered vessels, presumably for 
ritual purposes (sensu Heidke 1999), appear to have set the social stage for the subsequent development of 
a practical domestic container technology related in some way to increasing intensification of settlement 
and subsistence pursuits. To understand the adoption of pottery in the desert Southwest, we cannot rely on 
simple diffusion models that presume the movement of ideas or technologies across space, driven by the 
logic of technological efficiency. As Garraty (2011:232) has stated, the adoption of pottery “was region-
ally variable and historically contingent.” Ceramic invention and innovation may have occurred in multiple 
historical and social contexts across the Sonoran Desert, and mapping the relationships among these stages 
across the region and within local areas can contribute to our overall understanding of the universal adop-
tion of pottery across the Southwest.

Conclusions

A small ceramic collection (125 sherds) was recovered from Falcon Landing, Site 423, and a trench excavated 
in a nonsite context in Area A. The majority of the sherds in the collection were recovered from the surface 
of Falcon Landing and Site 423. In total, 12 sherds were recovered from feature-fill contexts, all at Falcon 
Landing. All but 3 sherds were classified as one of four varieties of plain ware or buff ware, based largely 
on inclusions: Gila Plain, Gila variety; Gila Plain, Salt variety; micaceous-schist-tempered Hohokam Buff 
Ware; and sand-tempered Hohokam Buff Ware. Two of the 3 unidentified sherds were rim sherds and prob-
ably of an incipient plain ware, based on vessel-size measurements and a lack of inclusions. The 2 sherds 
were recovered from two buried contexts that yielded radiocarbon dates within the interval of 1200–200 b.c. 
(San Pedro phase pit Feature 15482 and Level 3 of TP 8874, which dated to the Cienega phase).

Though small, the ceramic collection from the Luke Solar project provided some interesting insights into 
the use of ceramics at the project sites and in the local area, and possibly the adoption of ceramic technology. 
The relative lack of variety in the ceramic collection, coupled with the limited ceramic-function-analysis 
data, suggests infrequent use of ceramics in the project area in the past to fulfill short-term-liquid- or dry-
storage needs and/or to cook. We agree with the conclusions made by other Luke Solar project analysts that 
characterize the past use of the project area as intermittent or short-term and for limited, largely nonhabita-
tion, uses. Ceramics were likely used only occasionally at the site to support or provision activities, such as 
the acquisition of food resources or wood.

Sherd inclusions also suggested the presence of both decorated and plain ware pottery made within the 
local area (i.e., somewhere within the vicinity of the Agua Fria River valley) and vessels tempered with 
crushed micaceous schist and imported from areas to the south and east of the project area (e.g., likely along 
the Gila River). Finally, the presence of two untempered plain ware rim sherds from two Late Archaic pe-
riod buried deposits at Falcon Landing indicated the possibility that the earliest stages of the adoption and 
development of ceramic technology in the desert Southwest were more widespread geographically than has 
been previously recognized.
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C H A P T E R   6

Macrobotanical Remains

Karen R. Adams

Research Goals

The Luke Solar project aims to elicit the nature of human use of a Sonoran Desert landscape over a period 
that spans 5,000 years. It appears that small groups of humans repeatedly visited the area, presumably to 
gather wild foods and to prepare them using fuel wood from local trees and shrubs. These groups built many 
small house-in-pit structures, and at least one possible large one, and left evidence of their activities within 
thermal pits and house fill. They also left evidence within a large number of nonthermal pits. Their ground-
stone-artifact assemblage included manos and metates, mortars, and many rather large pestles with a variety 
of very interesting shapes. Together, these artifacts suggest that people ground some resources and pounded 
others. The archaeological plant record, consisting of tiny fragments of reproductive and nonreproductive plant 
parts, can reveal some of the resources that drew groups to this area. The plant record can also shed light on 
the seasons these resources were harvested for food. 

Over the 5,000-year period represented in the Luke Solar project area, groups left evidence of their pres-
ence during the Early, Middle, and Late Archaic periods. Other well-represented occupations included early 
and late Chiricahua phase, Early Agricultural period (San Pedro and Cienega phases), and Early Ceramic pe-
riod (Red Mountain phase) use of the area. Eventually, Pioneer, pre-Classic, Classic, and Protohistoric period 
groups were also drawn to the area. Stabilization of modern plant communities approximately 4,000 years 
ago, as revealed in pack-rat-midden studies in the U.S. Southwest (Betancourt et al. 1990), suggests that 
the same dependable resources may have drawn groups to this area throughout time. The introduction and 
early use of maize in the Southwest around 4,000 years ago (Merrill et al. 2009) occurred even as groups 
were repeatedly drawn to this location and eventually led to settled communities and a major commitment 
to agriculture in the Southwest.

Previous Archaic Period Research in Nonriverine Settings 

Previous archaeological projects that have focused on nonriverine foraging adaptations in the region during 
the Archaic period include those conducted at Last Ditch (AZ U:5:33 [ASM]) and Coffee Camp (AZ AA:6:19 
[ASM]). These projects are well summarized by Smith in Chapter 7. Last Ditch is situated on a bajada near 
a wash east of Cave Creek and represents a seasonal camp visited between 2900 and 1500 b.c. (Hackbarth 
1998, 2001; Phillips et al. 2001, 2009; Rogge 2009). Features from both the Middle and Late Archaic peri-
ods were documented, and excavation focused on thermal pits and hearths, ephemeral structures, and limited 
ground stone artifacts. Coffee Camp is located north of Tucson and west of Picacho Peak and was repeatedly 
visited during the Late Archaic/Early Agricultural period from 1500 b.c. to a.d. 1 (Halbirt and Henderson 
1993). Features included extramural pits and structures (living and storage) and a large pit structure that 
possibly served as a communal or ceremonial house. Similar to the Luke Solar project, the Coffee Camp 
project preserved numerous ground stone tools (manos, metates, and pestles) for grinding and pounding, 
some of which were found in caches.
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Although both locations lacked permanent water sources, groups likely had seasonal access to water. 
For the Last Ditch location, archaeologists speculated that water from winter rains and summer monsoons 
might have become perched over a subsurface hardened paleosol, and/or groups could have dug wells or uti-
lized small seeps associated with drainages (Phillips et al. 2001:62). At the Coffee Camp location, standing 
water likely accumulated on the ground surface during winter rains and summer monsoons and may have 
remained accessible for weeks to months. 

Neither project preserved evidence of cultivated crops within flotation samples. However, both projects 
came to similar conclusions about the resources that drew groups to the two locations. Middle Archaic pe-
riod foragers were drawn to Last Ditch to gather small seeds of grasses and annual plants that they parched 
in baskets, using heated rocks (Phillips et al. 2009:63–64). Lacking ground stone, they may have transported 
parched seeds to another base-camp location for further processing and consumption. Again, at Coffee Camp, 
grasses and the seeds of annual plants were of interest, as were mesquite pods and cholla buds. Pollen pre-
served from both project areas indicated a strong late-winter to spring signal including Plantago spp. (often 
referred to as woolly wheat, Indianwheat, or plantain) and grasses (Poaceae) at Last Ditch (Phillips et al. 
2009) and other spring resources at Coffee Camp (Gish 1993:328). Both projects also preserved archaeobo-
tanical evidence of visits during other seasons of the year. Generally, these two projects suggest that Archaic 
period foragers repeatedly returned to locations during seasons when they could reasonably expect to find 
both water and an abundance of small seeds of numerous desert annuals and some perennials.

Methods 

Two types of archaeobotanical samples are discussed in this chapter: (a) flotation samples, which are sedi-
ment samples processed via a flotation process for small plant parts, and (b) larger macrobotanical samples 
hand-picked from site deposits or screens during excavation. Both sample types are often labeled “macrobo-
tanical” samples, to distinguish them from samples with even-smaller plant parts, such as pollen grains (see 
Chapter 7), phytoliths, and starch grains. In total, 145 flotation samples and 48 hand-picked macrobotanical 
samples were analyzed from four archaeological sites and some nonsite contexts; the bulk of the samples were 
from Falcon Landing (Table 63). A complete list of Luke Solar project samples can be found in Appendix 6.1. 
Well-sampled contexts represented a number of cultural deposits from all five sites, among them (a) thermal 
features, such as thermal pits, a hearth, a fire-affected-rock (FAR) concentration, and a charcoal/ash lens; 
(b) nonthermal pits; and (c) house-in-pit structures (Table 64). Thermal features are inferred to represent 
short periods of time, and they are features in which focused activities involving plants can be documented. 
Structures, particularly house-in-pit features, are represented by fill, floor fill, and some posthole contexts. 
Some of the materials inside structures may represent use within the structure or materials that came in after 
abandonment. Floor-fill materials may represent cultural materials that were left behind on structure floors. 

Table 63. Distribution of Luke Solar Project Flotation and Macrobotanical Samples, by Site

Site No.
No. of Flotation 

Samples
No. of Macrobotanical 

Samples
Time Span

Falcon Landing 136 40 Sulphur Spring phase through Protohistoric period

AZ T:7:68 7 1 Middle to Late Archaic through Protohistoric period

AZ T:7:423 1 — Late Cienega phase through Red Mountain phase

AZ T:7:437 1 1 Sulphur Spring phase

Nonsite — 6 Sulphur Spring phase through Snaketown phase

Total 145 48

Note: Contexts and chronological data for the samples are presented in Appendix 6.1.
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A limited number of extramural cultural deposits (an activity area, a cache, a midden, and culture-bearing 
sediment) and a few noncultural contexts were also sampled. The entire sample set represents a very broad 
time range of occupation of the region, from the Sulphur Spring phase to the Protohistoric period (Table 65). 

Flotation and Macrobotanical Samples 

The original flotation-sample volumes ranged from 1 to 9 liters, and their processed light-fraction volumes 
ranged from 1 to 125 ml. Light fractions were examined in their entirety, except items smaller than 0.5 mm, 
which are usually broken pieces of larger items that have already been identified on the basis of more-com-
plete specimens. Macrobotanical samples were spread out on a paper plate and examined completely. For 
all sample types, up to 20 pieces of charred wood were identified, or as many as were available that had 
broad cross-section surfaces adequate to view anatomical details. All items were identified at magnifica-
tions ranging from 8× to 50× under a Zeiss binocular microscope and in comparison to an extensive mod-
ern comparative collection of Sonoran Desert charred and uncharred plant materials backed by herbarium 
specimens deposited in the University of Arizona herbarium.

Because the collection of flotation samples was guided by a systematic sampling strategy, the plant re-
mains contained in the collections are considered reliable for detecting general patterns of plant use. To aid 
in the interpretation of data, calculations of ubiquity are reported in this chapter. Ubiquity is the percentage of 
flotation samples from a particular time period or context in which a given taxon/part was identified. This pro-
vides a sense of the level of use and discard of each plant and its parts, allowing inferences of past plant access 

Table 64. Luke Solar Project Flotation and Macrobotanical Samples, by Context

Feature Type
Flotation Samples Macrobotanical Samples

Context Group
No. of Features

No. of 
Samples

No. of Features
No. of 

Samples

Activity area 1 1 1 1 extramural cultural deposits

Cache 1 1 — — extramural cultural deposits

Midden — — 1 1 extramural cultural deposits

Culture-bearing sediment — — — 11 extramural cultural deposits

House-in-pit 25 39 5 5 structures

Structure (possible) 3 3 — — structures

Surface structure 1 1 — — structures

Posthole 4 5 1 1 structures

Nonthermal pit 48 52 7 7 nonthermal pits

Nonthermal pit, bell 
shaped

2 2 — — nonthermal pits

Reservoir 1 1 — — reservoir

Charcoal/ash lens 1 1 — — thermal features

Hearth 1 1 — — thermal features

Thermal pit 26 30 3 3 thermal features

Thermal pit, bell shaped 1 1 — — thermal features

FAR concentration 1 1 — — thermal features

Mixed sediment — — — 8 cultural and noncultural sediment

Noncultural 6 6 — 5 noncultural

Drainage — — 1 6 noncultural

Total 122 145 19 48  
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Table 65. Luke Solar Project Flotation and Macrobotanical Samples, by Temporal Period

Temporal Period Date Range
No. of Flotation 

Samples
No. of Macrobotanical 

Samples
Temporal Group

Sulphur Spring phase 9500–3500 b.c. 1 6 Sulphur Spring phase

Early to Middle Archaic 
period

9500–1200 b.c. 2 6 Early to Late Archaic period

Early to Late Archaic period 9500 b.c.–a.d. 50 5 — Early to Late Archaic period

Early Chiricahua phase 3500–2100 b.c. 38 12 early Chiricahua phase

Middle to Late Archaic period 3500 b.c.–a.d. 50 17 6 Middle to Late Archaic period

Middle Archaic to Pioneer 
perioda

3500 b.c.–a.d. 750 1 —

Middle Archaic to Protohis-
toric perioda

3500 b.c.–a.d. 1800 6 —

Late Chiricahua phase 2100–1200 b.c. 9 2 late Chiricahua phase

San Pedro phase 1200–800 b.c. 21 3 Early Agricultural period

Late Archaic to Protohistoric 
perioda

1200 b.c.–a.d. 1800 2 —

Cienega phase 800 b.c.–a.d. 50 3 1 Early Agricultural period

Early Cienega phase 800–400 b.c. 5 1 Early Agricultural period

Late Cienega phase 400 b.c.–a.d. 50 2 2 Early Agricultural period

Late Cienega to Red Moun-
tain phase

400 b.c.–a.d. 450 6 — Early Agricultural to Early 
Ceramic period

Red Mountain phase a.d. 50–400 5 2 Early Ceramic period

Early Ceramic to Protohis-
toric perioda

a.d. 50–1800 2 —

Pioneer to Classic perioda a.d. 400–1450 1 —

Pioneer period a.d. 400–750 — 1 Pioneer period

Snaketown phase a.d. 650–750 8 5 Pioneer period

Sacaton phase a.d. 1000–1150 3 1 pre-Classic period

Sedentary to Classic perioda a.d. 1000–1450 1 —

Soho/Civano phase a.d. 1150–1450 2 — Classic period

Classic to Protohistoric 
perioda

a.d. 1150–1800 1 —

Protohistoric period a.d. 1450–1800 1 — Protohistoric period

No temporal data 3 —

Geologic date   — —

Total 145 48

a Temporal period(s) covered by sample(s) were too broad to include in chronological discussions.
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and preferences. Macrobotanical samples provide a more subjective sample of larger plant materials in use 
in the past and are considered most useful for recovering plant parts not preserved within flotation samples 
or for recovering larger plant specimens. Discussion of plant specimens in macrobotanical samples was in-
corporated into this text when it could provide insights beyond those contributed by the flotation samples.

Results 

In total, 11 plant taxa and their parts preserved in the nearly 200 archaeobotanical samples examined (Ta-
ble 66). Some of these are represented in Figures 91 and 92. All specimens were charred and are assumed 
to have become burned in some way as a result of the actions of humans in the past. Use of the word “type” 
following a taxonomic identification indicates that the specimens compare well to the taxon named in ana-
tomical and morphological features but might also represent other plants that have characteristics within the 
range for the taxon cited. This conservative approach acknowledges the similarity in appearance of various 
plant taxa in the U.S. Southwest, especially when an ancient specimen has been carbonized and damaged. 
For ease of use, this chapter indicates “type” only in Table 66, but the word is implied in all text and tables. 
All analysis data, including a limited number of “unknown” plant parts that will not be discussed further, 
are provided in Appendixes 6.2 (flotation data) and 6.3 (macrobotanical data). Identification criteria for the 
taxa and parts recovered can be found in Bohrer (1987) and K. Adams (1997, 2003). 

The flotation and macrobotanical samples preserved a relatively limited record of plant use. Both the 
diversity of taxa/parts and the actual numbers of specimens were low, considering that nearly 200 archaeo-
botanical samples were analyzed. Various factors likely contributed to this situation. The longer that charred 
specimens lay in the ground, the more likely they were to degrade and become unrecognizable, and the Luke 
Solar project uncovered features extending back to the Early, Middle, and Late Archaic periods. Features lo-
cated relatively close to the ground surface may have lost plant specimens faster than those that were deeply 
buried. Most Luke Solar project features were within 18 inches of the modern ground surface. Also, biotur-
bation by insects and rodents can move ancient plant parts closer to the ground surface, exposing them to 
oxidation and weathering, and evidence of termites, larval casts, and an active root zone were all present. 
It is suspected that all these factors may have operated to degrade plant remains within Luke Solar project 
sites. Ten flotation samples that preserved no charred specimens and 3 that preserved tiny charred plant frag-
ments too small to identify have been included in the sample counts in the tables.

Table 66. Charred Plant Taxa and Parts Recovered from Luke Solar 
Project Flotation and Macrobotanical Samples

Taxon Identification Level Common Name Part(s)

Atriplex spp. type saltbush fruit, utricle core, twigs, and wood

Carnegiea gigantea type saguaro wood

Chenopodium-Amaranthus cheno-am, goosefoot-pigweed seeds

Fouquieria splendens type ocotillo wood

Larrea spp. type creosote bush wood

Panicum spp. type panicgrass caryopsis

Plantago spp. type woolly wheat seed

Poaceae type grass family stem fragments

Portulaca spp. type purslane seed

Prosopis spp. type mesquite seed fragments and wood

Trianthema portulacastrum type horse purslane seeds and seed fragments
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Figure 91. Charred plant parts preserved at project sites: (a) saltbush (Atriplex sp.) fruit from 
AZ  T:7:68 (ASM), Feature 206; (b) transverse view of saltbush wood from Falcon Landing, 

Feature 2602, Subfeature 7900; (c) transverse view of saguaro (Carnegiea gigantea) wood from 
Falcon Landing, Feature 2602, Subfeature 7900; and (d) fragment of a cheno-am seed from Falcon 

Landing, Feature 17908, Subfeature 20285.
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Figure 92. Charred plant parts preserved at project sites, continued: (a) grass (Poaceae) stem 
with evident parallel fibro-vascular bundles from Falcon Landing, Feature 2602, Subfeature 7757; 

(b) fragment of a mesquite (Prosopis sp.) seed with surface crazing from Falcon Landing, 
Feature 18237; (c) transverse view of mesquite wood from Falcon Landing, Feature 2602, 

Subfeature 7757; (d) two horse-purslane (Trianthema portulacastrum) seeds with the characteristic 
wavy seed-coat pattern from Falcon Landing, Feature 15317.
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Subsistence Resources 

The flotation and macrobotanical samples from the Luke Solar project included no evidence of domesticates 
from Mexico (maize, beans, and squash). A single pollen grain from the floor of a San Pedro phase structure 
represents the only evidence of agriculture (see Chapter 7). The samples also did not include any evidence 
of the indigenous domesticates currently known from the Sonoran Desert (little barley and agave) or any 
other native plants suspected of having been managed in the past (Bohrer 1991). Charred reproductive parts 
(fruit, seed, utricle, and caryopsis) of seven wild plants indicated food use. Ethnographic literature from 
the U.S. Southwest (Adams and Fish 2006, 2011) and the Sonoran Desert (Adams 1988; Castetter 1935; 
Castetter and Bell 1942, 1951; Curtin 1984; Hodgson 2001; Rea 1997; Russell 1908) and previous sum-
maries of archaeobotanical records for the U.S. Southwest (Adams and Fish 2006, 2011; Huckell and Toll 
2004) and the Sonoran Desert (Adams 1988; Bohrer 1991; Gasser 1982; Gasser and Kwiatkowski 1991a, 
1991b; Gasser and Miksicek 1985; Miksicek 1988) together have provided substantial evidence for use of 
these plants through time.

Atriplex spp. Fruit and Utricle Core 

Fruit of at least two species of saltbush preserved. The unmistakable Atriplex canescens (fourwing saltbush) 
is a shrub with quadrangular fruit (utricles). Four fragile bracts attached to the fruit often erode and leave 
only the utricle core. Such a charred utricle core preserved within a Soho/Civano phase Classic period ther-
mal pit (Feature 5213). Other species of annual (A. fasciculata) and shrubby (A. lentiformis and A. poly-
carpa) saltbush known from the Sonoran Desert (Kearney and Peebles 1960:255–260) generally have flat 
fruit with wings. Such a charred Atriplex sp. fruit preserved within a nonthermal pit (Feature 206) dated to 
the very broad range of the Late Archaic to Protohistoric period. Saltbush plants can begin flowering in the 
late spring/early summer, and once the fruits are mature, they may cling to the plants for months. This pro-
vides convenient “on-the-plant” storage, releasing human groups from the need to gather the fruit as soon 
as it matures (Bohrer 2007:110–111). Ethnographic references generally report the use of saltbush seeds as 
food (Rea 1997:127–128; Russell 1908; Stevenson 1915:66; Yanovsky 1936:21–22), and these seeds were 
often preferred for their salty flavor (Swank 1932:31). 

Cheno-Am Seeds 

Charred seeds representing either goosefoot (Chenopodium spp.), in the Chenopodiaceae family, or pigweed 
(Amaranthus spp.), in the Amaranthaceae family, preserved within three contexts. Seeds of these plants are 
difficult to separate when charred and broken and are referred to as “cheno-am” seeds. These seeds pre-
served within a early Chiricahua phase possible structure (Feature 2622), a San Pedro phase house-in-pit 
(Feature 2627), and a Late Cienega to Red Mountain phase nonthermal pit (Subfeature 20285) within a 
house-in-pit (Feature 17908). Goosefoot seeds often germinate in the late spring, prior to summer monsoon 
rains. Pigweed seeds are more likely to germinate following the start of the summer monsoon season. These 
differences in timing would offer a long period of availability of plants generally utilized in a similar man-
ner as both greens and seeds (see Adams 1988:168–183). 

Panicum spp. Caryopsis 

A charred panicgrass (Panicum spp.) grain (caryopsis) was recovered from a Middle to Late Archaic period 
thermal pit (Feature 4294). The harvest of different panicgrass species would have probably taken place 
during the fall season (Kearney and Peebles 1960:134–138). No archaeological evidence to date suggests 
that Hohokam groups actually domesticated or cultivated this grass. Stronger evidence for a domesticated 
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panicgrass (Panicum sonorum) in the U.S. Southwest comes from late pre-Hispanic period and ethnographic 
accounts (Nabhan and DeWet 1983). A broad range of wild grasses, including five species of Panicum, have 
provided important foods to historical-period groups in the U.S. Southwest (Doebley 1984).

Plantago spp. Seed 

A charred Plantago spp. seed also preserved in the same Middle to Late Archaic period thermal pit (Fea-
ture 4294) as the panicgrass grain. Seeds of annual Plantago sp. plants generally germinate with the winter 
rains (Kearney and Peebles 1960:802–805), and their seeds are mature by mid-spring (Adams 1988). Leaves 
and seeds have provided many historical-period groups with food and medicinal treatments (see Adams 
1988:394–398). Cool-season resources such as this provide critical foods during the late winter through 
spring seasons (Bohrer 1975), times of the year when foods can be scarce.

Portulaca spp. Seed 

A charred purslane (Portulaca spp.) seed was identified in a noncultural context (Feature 4409) that dated to 
the Classic to Protohistoric period. It is possible that this seed represents ancient use of the plant as a resource 
or that, possibly, a natural fire was responsible for its charred condition. Pre-Hispanic and historical-period 
records of purslane seeds as food are extensive (see Adams 1988:416–423). These annual plants generally 
germinate with the summer rains and can be eaten as greens; they mature seeds through the fall months. 

Prosopis spp. Seed Fragments 

Charred mesquite (Prosopis spp.) seed fragments preserved in five contexts from the Middle to Late Archaic 
period through the San Pedro phase. Mesquite pods were the desired food products, and the hard seeds might 
have been discarded as inedible, unless food was scarce. Mesquite pods were generally pounded or ground 
into meal that could be formed into a cake or gruel (Bell and Castetter 1937; Felger 1977). Sometimes the 
seeds were ground with the pods or were separated and parched in a basket with live coals, to make them 
easier to eat (Bell and Castetter 1937:22, 24). Dried pods could be stored for long periods of time, provided 
they were parched to keep beetles from damaging them. Southern Paiute in Death Valley stored them in 
pits dug into alluvial gravel, uphill from mesquite dunes, where damage from rodents living in the mesquite 
bosques could be minimized (Bean and Saubel 1972:111). The pits averaged depths of 0.6–0.9 m below the 
ground surface, measured an average of 1.5 m across at their mouths, and narrowed to 0.6 m in average di-
ameter at their bases. Sometimes the pits were lined with grasses (Sporobolus airoides) or a type of saltbush 
(Atriplex hymenelytra). Pods gathered in late May or early June could be stored until the following spring, 
which was often a food-stressed time of year (Hunt 1960). Amadeo Rea (1997:186) also reported that groups 
living along the middle Gila River stored foods in aboveground granaries. Mesquite-pod use in the Sonoran 
Desert is well documented in the archaeological record (Gasser and Kwiatkowski 1991a, 1991b). 

Trianthema portulacastrum Seeds and Seed Fragments 

Charred horse-purslane (Trianthema portulacastrum) seeds and seed fragments preserved within two ther-
mal pits (Feature 2602/Subfeature 7757 and Feature 15317) and two nonthermal pits (Feature 4650 and 
Feature 2602/Subfeature 7900), all representing the early Chiricahua phase. Annual horse-purslane plants 
germinate following the summer rains and can cover a landscape (Parker 1958:114). As a fleshy-leafed plant, 
they can be cooked as greens (Curtin 1984:64) or harvested for seeds that ripen over many months into the 
middle to late fall (Kearney and Peebles 1960:281). This plant is very similar to purslane (Portulaca spp.) 
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in its seasonality and in the way groups have processed them by heaping them onto a mat under trees and 
allowing the seeds to naturally mature and drop onto the mat for easy collection (Cushing 1920:44). 

Nonsubsistence Resources 

The charred nonreproductive parts (stem fragments, twigs, and wood) of six plants likely represent fuel, con-
struction timbers, tools, and other nonsubsistence-material-culture needs. The ample literature cited above 
contains ethnographic and archaeological evidence of use of these resources for millennia.

Atriplex spp. Twigs and Wood 

Although numerous species of saltbush have provided foods for historical-period groups, as discussed above, 
citations of nonfood uses of saltbush are difficult to find. However, the availability of both perennial and an-
nual saltbush plants in the general region (Rea 1997) would have ensured access to easily acquired tinder and 
fuel for cooking and heating. Charred saltbush (Atriplex spp.) wood and twigs preserved within 21 features, 
including thermal pits, nonthermal pits, a number of houses-in-pits, and a possible structure. The presence 
of the twigs and wood in nonthermal pits suggests that charred materials from other features were moved 
about the ground surface by rains and winds or were discarded during the cleaning out of of thermal pits. 

Carnegiea gigantea Wood 

Although saguaro fruits have had a long history of use among Sonoran Desert groups, the long and straight 
saguaro ribs also served as roofing materials for pre-Hispanic period groups in southern Arizona (Huckell 
and Toll 2004:79). Saguaro ribs were once used to fashion “hooks” by attaching a straight piece of wood 
to the end of a saguaro rib, and these were used in dislodging saguaro fruit from tall saguaro plants (Rus-
sell 1908:108). Charred fragments of saguaro (Carnegiea gigantea) wood (ribs) were recovered from four 
nonthermal pits, six thermal pits, and a single house-in-pit. This wood type was well represented in thermal 
features in the unusually large structure Feature 2602. Specialized requirements may be responsible for this 
pattern. The only other thermal pit that contained saguaro wood was Feature 7998. The presence of this 
wood in nonthermal pits suggests the movement of charred debris across the landscape by water and wind 
or as a consequence of thermal-pit cleanout. 

Fouquieria splendens Wood 

Historically, along the middle Gila River, storehouses that sat next to dwellings were constructed of ocoti-
llo stems (Russell 1908:156). Groups also used them for fences (Rea 1997:263–264) that could sprout and 
become living fencerows. It is likely that on occasion, the dried stems could be used as tinder or fuel or as 
elements in ramada covers and windbreaks. Charred fragments of ocotillo (Fouquieria splendens) wood were 
identified in two possible structures, a house-in-pit, two nonthermal pits, and a thermal pit. These contexts 
may represent use of the wood both for construction elements and as tinder or fuel. 

Larrea spp. Wood 

Creosote bushes are common shrubs in the region (Turner and Brown 1982:190–200). Groups in southern Ari-
zona used various parts of the plants, from leaves to bark, primarily for making medicinal treatments (Curtin 
1984:62–63; Rea 1997:139–141; Russell 1908:79). Creosote bush gum (lac) was gathered for mending pottery, 
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coating the outsides of kicking balls, and making round ball handles for awls (Russell 1908:105, 131, 172). 
Readily available twigs and stems could provide quick tinder or fuel sources. Despite these apparent uses, 
only a single charred fragment of creosote bush (Larrea spp.) was recovered (from a macrobotanical sample 
within a drainage [Feature 20378]), which indicates minimal interest in this wood by the groups that inhab-
ited the Luke Solar project area.

Poaceae Stem Fragments 

Grass stems could serve a wide range of household needs, including atlatl darts, arrow shafts, basketry, and 
bedding (see Ebeling 1986). The presence of grass stems only in the large Feature 2602 house-in-pit sug-
gests a need for soft materials.

Prosopis spp. Wood 

Historically, mesquite wood was utilized by native groups in the U.S. Southwest for fuel, shelter, weapons, 
cordage, and tools (Felger 1977). In aboriginal times, mesquite wood was preferred for the same reasons, 
particularly for the construction and fuel needs of groups living in the Sonoran Desert (Huckell and Toll 
2004:79). The presence of charred fragments of mesquite (Prosopis spp.) wood in a large number of Luke 
Solar project flotation and macrobotanical samples, both by time and by context (discussed below), suggests 
that a mesquite bosque was within walking distance of the location. 

Discussion 

Though limited in both the diversity of taxa/parts and the actual numbers of specimens recovered, the plant 
parts preserved within flotation and macrobotanical samples provided valuable perspective on patterns of 
plant use through time, in different contexts, and within structures. The plant record also sheds light on the 
season(s) of use of the area and whether or not nonlocal resources were sought. For these discussions, analy-
sis results from the well-sampled Falcon Landing have been pooled with findings from the other four sites 
in order to produce the most-robust sample numbers possible. No insights into past human behavior have 
been lost by pooling these data.

Overview of Plant Use through Time 

The record of subsistence and nonsubsistence plants sought through time is sparse but consistent (Table 67). 
Based on 128 flotation samples assigned to 10 reasonably bounded time periods from the Early to Late 
Archaic period through the Protohistoric period, fragments of charred mesquite (Prosopis spp.) seeds pre-
served in four of them. Seeds of weedy goosefoot-pigweed (cheno-am) plants were recovered from three. 
Reproductive parts of saltbush (Atriplex spp.), panicgrass (Panicum spp.), Plantago spp., and horse purs-
lane (Trianthema portulacastrum) preserved in limited samples but indicate knowledge of a number of wild 
foods. These plants either occupy disturbed habitats in large numbers (cheno-ams, horse purslane, and Plan-
tago spp.) or can be relied upon to produce pods (mesquite) or edible fruit (saltbush) in most years. Panic-
grass represents one of many wild, edible grasses in the region. Two additional foods preserved in contexts 
that were less precisely dated: a saltbush fruit was identified in a sample dated broadly to the Late Archaic 
to Protohistoric period, and a purslane (Portulaca spp.) seed was recovered in a sample dated broadly to the 
Classic to Protohistoric period.
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The use of mesquite wood for fuel, and likely for other needs, such as construction elements and tools, 
was strongly indicated by the presence of charred mesquite-wood fragments in all time periods and in 62.5–
100 percent of the samples examined (see Table 67). The likelihood is high that mesquite bosques were ac-
cessible to all groups that passed through or lived in the area. This is supported by the presence of charred 
mesquite-seed fragments indicative of food use in samples from the early Chiricahua phase through the San 
Pedro phase. Evidence preserved within macrobotanical samples reinforces the recovery of charred mes-
quite-wood fragments in cultural deposits through time and of charred saltbush-wood and -twig evidence 
from the early Chiricahua phase through the pre-Classic period.

Overview of Plant Use by Cultural Context 

The contexts that preserved the most extensive records of subsistence and nonsubsistence resources were 
thermal pits, nonthermal pits, and structures (Table 68). These feature types were also the best sampled, 
which could well have influenced patterns of plant-part preservation. Accidents that occurred while food was 
processed or prepared over fires could have left evidence in the ashes. At least five different foods (saltbush, 
panicgrass, Plantago spp., mesquite, and horse purslane) preserved in that way. Tinder, fuels, and other daily 
needs were met by the wood/twigs of saltbush, saguaro, ocotillo, and mesquite and by grass stems. Charred 
evidence of three foods (saltbush, Cheno-am, and horse purslane) and four wood types (saltbush, saguaro, 
ocotillo, and mesquite) also preserved within nonthermal pits, perhaps because charred materials got scat-
tered across living areas over time. Houses-in-pits and possible structures preserved two foods (cheno-am 
and mesquite) and five fuels (saltbush, saguaro, ocotillo, mesquite, and grass) that represented plants uti-
lized within the features or possibly moved there through post-use accumulation. An activity area, a cache, 
an FAR concentration, a charcoal/ash lens, and a reservoir all preserved only charred fragments of mesquite 
wood, attesting to the very common use of this wood type and its regular distribution across the area in which 
groups lived. The macrobotanical record confirmed the widespread distribution of charred mesquite-wood 
fragments and, to a lesser extent, saltbush-twig/-wood fragments in house-in-pit, thermal-pit, nonthermal-
pit, midden, and posthole samples. The recovery of charred plant specimens (purslane seeds and mesquite 
wood) from noncultural deposits could represent cultural sheet-trash movement or occasional natural fires 
that could have contributed charred plant remains to the local sediments.

Overview of Plant Use within Structures 

From one to three flotation samples were examined from each of 23 houses-in-pits, representing fill and 
floor contexts. The charred plant specimens that preserved primarily consisted of charred wood fragments 
(Table 69). Mesquite (Prosopis spp.) wood preserved in every feature, representing construction materials, 
fuels, tools, and other daily needs for wood. Flotation samples from 4 postholes in house-in-pit Features 13, 
1313, 10735, and 13071 and surface-structure Feature 11105 contained mesquite, reinforcing the use of 
mesquite for construction elements. Saltbush (Atriplex spp.) wood and twigs preserved within four houses-
in-pits, perhaps representing tinder, fuel, or layers of branches used in house construction. Saguaro (Carn-
egiea gigantea) ribs, ocotillo (Fouquieria splendens) stems, and grass (Poaceae) stems were occasionally 
carried in, likely for use in ramadas, windbreaks, and internal wall supports and for other reasons. Evidence 
of food use within structures was generally limited. Among the very few reproductive parts preserved were 
mesquite-seed fragments (in Features 4388 and 10114) and cheno-am seeds (Feature 2627)—all evidence 
suggestive of foods.

Macrobotanical samples from 5 houses-in-pits (Features 1244, 1290, 3321, 4302, and 10849) preserved 
mesquite wood in four samples and saltbush in one, similar to the flotation record. Flotation samples from 
3 “possible” structures (Features 2622, 2630, and 2821) preserved mesquite, saltbush, and ocotillo wood, 
and cheno-am seeds preserved in 1 of them. No charred plant specimens were recovered from a surface 
structure (Feature 4621), likely because of poor preservation potential.
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The Feature 2602 house-in-pit bears special mention. It is a substantial structure representing the early 
Chiricahua phase that was possibly used either more intensively than the other smaller structures or for differ-
ent reasons. This structure preserved the highest diversity of wood types of all structures sampled, and it was 
almost the only structure to contain saguaro wood. An associated thermal pit (Subfeature 7757) and a nonther-
mal pit (Subfeature 7900) both preserved charred horse-purslane seeds, which most likely represented food. 

Evidence from a Noncultural Drainage 

Eight macrobotanical samples from a noncultural drainage (Feature 20378) dated to the Early to Middle Ar-
chaic period (9500–1200 b.c.). Four of these samples preserved charred wood of mesquite, and saltbush and 
creosote bush wood were preserved in a single sample each. Two possible explanations for this record are 
that (1) human groups were in the area burning these woody resources, and leftover debris from thermal fea-
tures or middens was swept into the drainage and that (2) occasional natural fires produced these specimens. 

Seasonality of Site Occupation 

The seasons that plant parts are available give some indication of when people formerly occupied or vis-
ited landscapes, with the exception of wood, which can be gathered in any season throughout the calendar 
year. However, the fact that groups often stored foods for future use makes it harder to link the season of 
availability to a season of actual use (Adams and Bohrer 1998). Evidence from the Luke Solar project sites 
indicated the harvest of cool-season annual Plantago spp. seeds in the springtime. Annual goosefoot plants 
could also have been gathered as greens in the springtime, and their ripe seeds could have been harvested 
from summer through fall. Fruit from perennial and annual species of saltbush also ripen in the summer, 
and their availability extends into the following winter and spring, because mature saltbush fruits have the 
ability to remain attached to plants for many months. Annual pigweed, purslane, and horse-purslane plants 
all tend to germinate with summer monsoons, producing greens and mature seeds for the remainder of the 
growing season. Pods of mesquite trees mature during the summer, and ethnographic accounts have revealed 
that sometimes, groups buried the parched pods in pits in the ground or in aboveground caches in order to 
extend access into the following winter and spring, potentially food-stressed times of year. Panicgrass grains 
ripen for harvest in the fall. 

Local- vs. Nonlocal-Plant-Resource Use 

None of the plants reported in this chapter would be considered resources that required extensive travel to 
acquire. All are currently part of the Sonoran Desertscrub flora, including the Lower Colorado River Valley 
subdivision, where the Luke Solar project area is located (Turner and Brown 1982:181–203). Except perhaps 
for saguaro ribs or ocotillo stems, no travel to higher elevations was indicated, nor was the use of materials 
transported by rivers or tributaries.

Environmental Interpretations 

The current vegetation at the Luke Solar project site has experienced historical-period disturbance. Intro-
duced plants from other continents now occupy the area, as well. It is reasonable to assume that the relative 
proportions of individual plant species have likely shifted from the precontact, natural distributions. Use 
of a cultural record to reconstruct past plant communities must take into consideration the cultural bias of 
human selection of certain plants and possible avoidance of others. Despite these concerns, the archaeo-
logical record suggests that many of the same plants found on the landscape today were also present during 
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the pre-Hispanic period. Trees, shrubs, and herbaceous plants reported as part of the modern Sonoran Des-
ertscrub flora (Turner and Brown 1982:181–203) seem to have been available in the Luke Solar project area 
for a very long time. The area was likely within a short walking distance of mesquite groves, based on the 
repeated recovery of mesquite wood in flotation and macrobotanical samples. This is supported by two ad-
ditional lines of evidence: (1) the presence of land-snail shells (Succinea sp.) at the large Falcon Landing 
site, which is suggestive of moist habitats (see Chapter 4), and (2) evidence that surface water was deliv-
ered into the area during the Middle Archaic period (see Chapter 2). Mesquite groves form shade for other 
plants and provide protection for a range of animals, as well. More than one species of saltbush, including 
fourwing saltbush (Atriplex canescens), grew nearby. Open ground that was available naturally and as a re-
sult of human disturbance in the area supported populations of annual weedy plants, such as Plantago spp., 
goosefoot (Chenopodium spp.), pigweed (Amaranthus spp.), purslane (Portulaca spp.), and horse purslane 
(Trianthema portulacastrum). Ample winter rains and summer monsoons would have spurred annual plants 
to produce quantities of edible seeds.

Summary 

The small but relatively informative plant record preserved within the flotation and macrobotanical samples 
documents a long history of plant use in the Luke Solar project area. A number of wild plants with edible 
parts drew people to the area. These include two species of saltbush (Atriplex canescens and Atriplex spp.); 
mesquite (Prosopis spp.); annual plants, including Plantago spp., goosefoot (Chenopodium spp.), pigweed 
(Amaranthus spp.), purslane (Portulaca spp.), and horse purslane (Trianthema portulacastrum); and at least 
one type of grass, panicgrass (Panicum spp.). Mesquite and saltbush plants also provided wood though time, 
and less often, other plants did, as well (saguaro, ocotillo, and creosote bush). Grass stems served useful 
purposes on occasion.

During the early Chiricahua phase and lasting through the Late Archaic period, mesquite pods were im-
portant foods. People also gathered goosefoot/pigweed, Plantago spp., and horse-purslane seeds and pan-
icgrass grains. They relied heavily on mesquite wood and, less often, on saltbush wood, saguaro ribs, and 
ocotillo stems. The relatively small record of plant use is similar during the pre-Classic and Classic periods. 

The evidence suggests that the area was visited seasonally. Springtime use of the area would have pro-
vided groups with Plantago spp. seeds, saltbush fruit still clinging to plants months after their maturity, and, 
potentially, aboveground or belowground caches of mesquite pods from previous harvests. By early summer, 
goosefoot greens would also have been available. Following the start of summer monsoon rains, greens of 
pigweed, purslane, and horse purslane would have been added to the list of edible plants, which could then 
have expanded to include ripening seeds of all these plants. Mesquite pods would also have matured during 
the summer and been available for consumption or storage for the future. Saltbush fruit would likewise have 
ripened during the summer, and their fruits would have remained attached to plants for weeks or months to 
come. Panicgrass grains would have matured in the fall. 

Both the flotation and macrobotanical records confirmed that mesquite wood was gathered most often 
through time and was utilized within structures and thermal pits. It is likely that there was so much burned 
mesquite wood that it spread across the area into nonthermal pits via rains and winds or was intentionally 
deposited as trash. Together, the flotation and macrobotanical records revealed that saltbush wood was also 
burned through time in the same thermal features as mesquite. Considering that there was evidence that mes-
quite pods and two types of saltbush plants were subsistence resources, these two plants could be considered 
among the more-important multiuse plants sought regularly by groups in the area.

Insight into Archaic period foraging was preserved in the plant records of the Luke Solar project and 
projects such as those conducted at Last Ditch and Coffee Camp. Despite the fact that the emphases on 
sampled contexts diverged among the three projects, the evidence of plant use from the Luke Solar project 
was complementary and revealed successful foraging strategies that lasted for millennia. All three projects 
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present a strong signature of springtime visitation, when groups harvested small seeds of annual plants, such 
as Plantago spp., grass grains, and other resources, such as cholla buds. Interest was also high in summer-
ripening mesquite pods, saltbush fruit, and numerous annuals that provided both greens and ripe fruit dur-
ing and following the summer rainy season. At Last Ditch, seed harvest and parching were likely followed 
by preparation and consumption elsewhere, based on the limited ground stone record from that project area. 
However, in both the Coffee Camp and Luke Solar project areas, all such activities likely occurred in place. 
The three projects suggest that foragers repeatedly returned to locations in seasons when both ephemeral 
water sources and seeds of a number of native annual and perennial plants were plentiful. The strongest 
evidence was of visits in the spring and summer, and evidence suggested that fall visitation also occurred. 
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C H A P T E R   7

Pollen Analysis

Susan J. Smith

Research Goals

The pollen research for the Luke Solar project was based on 117 samples: 11 control samples from natural 
strata and geologic columns and 106 archaeological samples (Table 70). All but 4 were from Falcon Land-
ing, and those 4 were from Site 68. Sixty-five cultural features were represented in the pollen data, only 
2 percent of the 3,065 features documented during SRI’s fieldwork.

The Luke Solar project archaeological record indicates a light, intermittent human presence on the 
landscape, but a presence that spanned more than 5,000 years. Small groups of people apparently returned 
repeatedly to gather and process local plants. In total, 48 structures were identified and excavated at Falcon 
Landing, but nonthermal extramural pits (n = 2,398) constituted, overwhelmingly, the most prevalent feature 
type encountered. Recovered ground stone tools included metates, manos, a few mortars, and an impressive 
number of pestles (see Chapter 3), which indicates a milling technology involving pounding and perhaps 
gyratory grinding. Identifying the plants sought and processed by Middle Archaic period people was the pri-
mary goal of the pollen research. Defining economic pollen signatures can contribute to inferring the seasons 
of occupation, which is key to the research themes of land use and subsistence (see Volume 1, Chapter 2). 

Examining the pollen data for chronological trends or patterns was a second research goal. Because 
of the thousands of years encapsulated within site features and sediments, there is potential to reconstruct 
environmental information in addition to temporal cultural patterns. Through the use of radiocarbon dating 
and geochronology, the highest number of features (n = 708) in the Luke Solar project were dated to the 
early Chiricahua phase of the Middle Archaic period (between 3500 and 1200 b.c.). The Late Archaic pe-
riod was represented by 20 San Pedro phase (1200–800 b.c.) and 75 Cienega phase (800 b.c.–a.d. 50) fea-
tures. Significantly fewer features were dated to the Early Ceramic, pre-Classic, Classic, and Protohistoric 
periods. In deserts of the southern Southwest, the Middle Archaic period has been visible in just a handful 
of documented sites, and most lacked any archaeobotanical information. The desert Late Archaic period is 
better represented, because people began to blend agriculture into their gathering and hunting societies and 
to settle in substantial communities.

Previous Archaic Period Research

Southwestern Archaic period research has grown over the past few decades, and much of this work has been 
integrated in important syntheses (Diehl 2005; Huckell 1995; Mabry and Stevens 2000; Roth and Freeman 
2008; Vierra 2005). These studies have focused on the transition to Late Archaic period agriculture in riverine 
settlements, because the big discoveries have been Late Archaic period farming communities that flourished 
along southeastern Arizona rivers. In this chapter, the Middle Archaic period nonriverine foraging tradition 
is emphasized, and two previous projects with Middle Archaic period pollen data, at Last Ditch and Coffee 
Camp, are summarized below (Table 71). Neither site yielded evidence of Archaic period cultigens through 
pollen or flotation samples. 
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Table 70. Distribution of Pollen Samples by Context

Context, by Category No. of Features No. of Samples No. of Sterile Samples

Structures

Floor or fill sample 23 31 1

Nonthermal pit 14 17 6

Thermal pit 1 5 —

Posthole 1 1 —

Hearth 1 1 —

Extramural pits

Nonthermal pit 7 8 —

Thermal pit 7 7 1

Ground stone caches

Cache in a pit 3 7 2

Cache on an activity surface 1 3 —

Activity areas 5 5 —

Pollen washes

Artifact wash 2 7 1

Control for artifact washes — 14 1

Natural strata — 3 —

Geologic column — 8 4

Total 65 117 16

Table 71. Pollen Research at Middle to Late Archaic Period Sites Last Ditch and Coffee Camp

Project Aspect
Last Ditch (AZ U:5:33 [ASM]) Project

Coffee Camp (AM AA:6:19 
[ASM]) Project

Hackbarth (1998) Phillips et al. (2001) Rogge (2009) Halbirt and Henderson (1993)

Palynologist Susan J. Smith Bruce G. Phillips Bruce G. Phillips Jannifer Gish

Location Mayo Boulevard, 
West Rawhide Locus

State Route 101L, 
Pima Freeway

State Route 101L/ 
64th Street 

Greene Wash, southwest of the 
Picacho Mountains

Environmental setting lower bajada lower bajada lower bajada lower bajada/desert grassland

No. of Middle Archaic pe-
riod samples analyzed

— 25 20 26a

No. of Late Archaic pe-
riod samples analyzed

9 3 — 7

Use seasons interpreted 
from pollen data

visits over multiple 
seasons: strong early-
spring signal, late 
spring, and summer 
through fall

visits over multi-
ple seasons: strong 
early-spring signal, 
late spring, and 
summer through fall

visits over multi-
ple seasons: strong 
early-spring signal, 
late spring, and 
summer through fall

early through late spring

a From mixed Early and Late Archaic period contexts; excludes sterile samples and samples from poorly dated Archaic to Protohistoric 
period contexts and contexts of unknown age
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Prior to the Luke Solar project, the best Middle Archaic period record was from the northern Phoenix 
Basin, at Last Ditch (AZ U:5:33 [ASM]), a logistical field camp dated to between 2900 and 1500 cal. b.c. 
and located along Rawhide Wash, east of Cave Creek, on the middle to lower bajada of the McDowell 
Mountains. Data recovery excavations at Last Ditch were conducted three separate times (see Table 71), 
and each investigation included pollen and macrobotanical research. The Middle Archaic period compo-
nent was represented by more than 150 thermal pits or hearths, 2 structures that were probably expedient 
brush-covered shelters, a midden, and a small ground stone collection consisting primarily of hand stones 
and a few metates. The Late Archaic period expression at Last Ditch was similar and included 2 structures, 
24 thermal pits, a midden, 3 rock clusters, and sparse ground stone artifacts. 

There is no water at the site today, but Phillips et al. (2001:62) speculated that during wet seasons, a 
perched water table could have formed over a subsurface cemented paleosol that was revealed in soil trenches. 
Hand-dug wells or small seeps along drainage borders might have supplied water for Archaic period forag-
ers. Plant resources are relatively rich because of the many small drainages that cut the bajada surface. In 
the areas between drainages, creosote bush (Larrea tridentata) and bursage (Ambrosia spp.) shrubs domi-
nate, and there are varieties of cacti, especially cholla (Cylindropuntia spp.), barrel cactus (Ferocactus spp.), 
prickly pear (Platyopuntia spp.), and the occasional saguaro (Carnegiea gigantea). The drainage courses 
shelter paloverde (Cercidium spp.), ironwood (Olneya tesota), and mesquite (Prosopis spp.). 

Phillips et al. (2009:63–64) theorized that Middle Archaic period gatherers targeted small seeds from 
grasses and annual herbs and parched them in baskets with heated rocks, which would explain the many 
thermal pits found at Last Ditch. After parching, seeds were apparently transported to a base or field camp 
to be ground into meal for consumption. Rains come to the Sonoran Desert in two seasons, winter/early 
spring and the summer monsoons, and different suites of plants flower and fruit in response to the seasons. 
Because different species set seed at various times, Archaic period people may have made multiple collect-
ing visits to Last Ditch throughout a year, or collecting trips could have been sporadic, initiated in years 
blessed by a wet spring or a strong monsoon. This model is supported by the composite Last Ditch pollen 
data, which registered a strong late-winter to early-spring signal (grasses, Indianwheat [Plantago spp.], and 
a trace of hackberry [Celtis spp.]) and late-spring-into-fall use (cholla, lily family [probably yucca], and 
possible wild gourd [Cucurbita spp.]). 

Coffee Camp (AZ AA:6:19 [ASM]) is a primarily Late Archaic/Early Agricultural period (3120–
1920 years b.p.) site characterized by a predominance of San Pedro phase projectile points. Three early 
Chiricahua phase points and rare features originating in Stratum II, which predated 1500 b.c., indicated that 
Coffee Camp was known to Middle Archaic period people. Halbirt and Henderson (1993:114) summarized 
the site as a repeatedly occupied, semipermanent encampment the main occupation of which occurred dur-
ing the terminal Late Archaic period (ca. 1500 b.c.–a.d. 1), which spans the San Pedro and Cienega phases. 
The San Pedro to Cienega phase transition was marked by the introduction of ceramics, cremations with 
offerings, and architectural variety. 

Coffee Camp is located north of Tucson, west of Picacho Peak, and north of the West Silver Bell Moun-
tains, in a geomorphic transition between the lower bajada and the expansive semidesert grassland of the 
Santa Cruz Flats northeast of Greene Wash. There is no water at the site, but during prehistoric times, sea-
sonal water-filled depressions, or “pans,” may have developed nearby after storms. Halbirt and Henderson 
(1993:56) reported that before local drainages were dammed to provide watering tanks for cattle, sheet-
wash would pond in and around Coffee Camp, “sometimes resulting in open bodies of water lasting for a 
few months.” Modern vegetation includes woody species, such as mesquite (Prosopis spp.), saltbush (At-
riplex spp.), crucifixion thorn (Canotia spp.), and cholla (Cylindropuntia spp.), and ground-cover plants of 
grasses, Indianwheat (Plantago spp.), and other annuals (Halbirt and Henderson 1993:56). Lower-bajada 
communities of paloverde (Cercidium spp.), ironwood (Olneya tesota), and cacti are accessible to the west, 
and riparian habitat is within 10 miles to the east, along the Santa Cruz River. The Coffee Camp setting, 
which is sandwiched between the mountains and the river, is similar to the Luke Solar project location be-
tween the White Tank Mountains, approximately 12 km (7.5 miles) to the west, and the Agua Fria River, 
5 km (3.3 miles) to the east. 
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The distribution of surface artifacts at Coffee Camp covered an area of 400 by 250 m (10 ha), but data 
recovery was limited to an area of 250 by 50 m along the site’s eastern edge and outside the main concentra-
tion of surface artifacts (Halbirt and Henderson 1993:1). The heart of the site lies on private land and was not 
surveyed. Hundreds of extramural pits and four structures were excavated within the project corridor. The 
Archaic period structures consisted of pit-house Feature 289, with an interior hearth; one possible storage 
structure (Feature 39); and one large (16.1 m2 in floor area) Cienega phase pit house (Big House Feature 315, 
dated to b.c. 357–a.d. 59) that may have functioned as a ceremonial or communal house. Within the Big House, 
two complete deer-antler racks were found that had probably been mounted in the roof above the hearth. Five 
burials were also documented at Coffee Camp: two inhumations and two cremations that dated to the Archaic 
period occupation and a fifth inhumation in mixed deposits. Artifacts at the site included a large number of 
tool caches; 29 caches contained 90 artifacts, and most were milling tools (manos, metates, and pestles). 

The archaeobotanical evidence and the amount of ground stone at Coffee Camp indicated that grasses 
and small-seeded annuals were exploited throughout the site’s history, combined with harvests of mesquite 
(Prosopis spp.) and cholla (Cylindropuntia spp.). There was a strong spring seasonal signal. Gish (1993:328) 
stated that “[p]ossibly as many as 13 features at Coffee Camp have a spring seasonality index, three have 
more of a summer index, with six suggesting [a] spring-summer index.” Four pollen washes from metates 
found in Archaic period contexts yielded mesquite pollen, which is unusual. Mesquite pollen is generally rare 
in archaeological samples and is unlikely to persist on mature seed pods. The Coffee Camp pollen washes 
could reflect the grinding of flowers, perhaps along with grains or other foods, or young green mesquite 
pods, which could co-occur on trees with the last flowers. 

Methods

Two types of samples were processed for the Luke Solar project: bulk sediment samples and pollen washes. 
The majority of samples (n = 110) were from sediments collected from feature fill or specific contexts, such 
as sediment beneath or adhering to an artifact. Seven samples were pollen washes from six metates. The 
specific methods for the two classes of samples are described below. 

Bulk Sediment Samples

The sediment samples were processed at the Northern Arizona University Laboratory of Paleoecology, using 
a procedure recommended by Smith (1998), with the modification of a series of timed decants. Subsamples 
(10–20 cc in volume) were taken from the sample bags, and a known concentration of tracer spores (Lyco-
podium sp.) was added to each. Spiking samples with tracers enables calculation of pollen concentrations 
and also serves to monitor pollen recovery during chemical extraction. Warm hydrochloric acid (10 percent 
solution) was added to the sediment to dissolve caliche, and the mixture was sieved through 180-µm mesh 
to remove coarse materials (rocks, roots, seeds, and charcoal). The remaining fine fractions were mixed with 
warm sodium hexametaphosphate (less than 2 percent solution) and allowed to settle for 8 hours in 1-liter 
beakers. The clay-rich, cloudy water above the settled sediment was then decanted, and the process was re-
peated using only distilled water until decanted liquids were clear. This procedure was adopted especially 
for this project, because the fine silts and clays that characterize the sediments are difficult to remove with 
chemicals. The decants are also effective at reducing microscopic charcoal, which is another particle class 
that plagues archaeological samples. Following the decanting, samples were treated for 24 hours with hy-
drofluoric acid to reduce silicates, rinsed in distilled water, and “floated” in lithium polytungstate. The heavy 
liquid separates pollen grains and particles lighter than about 1.9 specific gravity from the heavier fractions. 
The recovered light fraction was finished by acetolysis, an oxidation step that digests organics and lignin, 
and the residues were rinsed, mixed with glycerol, and stored in vials. 



 335

At the microscope, two levels of magnification were employed: 400×-magnification counts of all pollen 
types up to 100–200 grains, if possible, and 100×-magnification scans for larger pollen types. If preserva-
tion is moderate, pollen greater than 30 µm in size is easily identified at 100× magnification, including corn, 
squash, cotton, agave, cacti, and some herb types. Pollen identifications were made to the lowest taxonomic 
level possible based on published keys (Fægri and Iversen 1989; Kapp et al. 2000; Moore et al. 1991) and 
the Northern Arizona University Laboratory of Paleoecology modern-pollen reference collection. Aggregates 
(clumps of the same pollen type) were counted as 1 grain per occurrence, and taxon and size were recorded 
separately. As an example of the aggregate shorthand used in the database, “3 (100+)” noted in the cheno-am 
category translates to 3 aggregates observed, the largest of which contained more than 100 cheno-am grains. 

Three parameters were calculated from the pollen counts: taxon richness, sample concentration, and 
pollen percentages. Taxon richness is the number of different pollen types identified in a sample, and pollen 
concentration is a measure of the density of pollen grains per unit of sediment. Concentration was calculated 
by taking the ratio of the pollen count to the tracer count and multiplying by the initial tracer concentration. 
Dividing this result by the sample volume yielded the number of pollen grains per cubic centimeter of sample 
sediment, abbreviated “gr/cc.” Pollen percentages are proportions of taxa in a sample relative to the pollen 
sums and were calculated by taking the ratio of the taxon count to the pollen sum and multiplying by 100.

Pollen Washes

Six metates were selected for pollen washes. SRI field crews bagged artifact-wash candidates with as much 
encasing field dirt as possible to protect stone surfaces from modern ambient-pollen contamination. In the 
SRI Tucson laboratory, the artifacts were first cleaned of dirt, down to the rock surface, and control samples 
were taken from the sediment in contact with the use or exterior surfaces. Field control samples were also 
routinely collected from sediments surrounding or directly beneath artifacts. The exterior nonuse surfaces 
of the artifacts were further cleaned by simple brushing or a combination of brushing and rinsing. Clean-
ing the nonuse surfaces is a precaution to protect the targeted wash surface from extraneous materials. At 
that point, the artifacts were ready for washing by brush-scrubbing the use surfaces with hot distilled water 
and diluted hydrochloric acid (less than 10 percent solution). The wash waters were collected and allowed 
to settle overnight, surface liquids were decanted, and the settled sediments were transferred to appropri-
ate containers for mailing. At the Northern Arizona University pollen laboratory, the wash samples were 
sieved through 180-µm-mesh screen to remove coarse sand and organic particles, and the filtered material 
was centrifuged and given an overnight hydrofluoric-acid treatment to reduce silts and clay. Samples were 
finished by rinsing, and residues were suspended in glycerol. Pollen identification and data transformation 
were the same as described above for bulk sediment, except no concentration data were calculated. Pollen 
concentrations are meaningless when working with pollen washes, because there is no consistent sample 
size or volume to calculate the density of recovered grains (Geib and Smith 2008). 

Results

The project samples were challenging in many respects. They were difficult to process because of the amounts 
of fine silts and clays and because the recovered assemblages were degraded, as demonstrated by examples 
of typically resilient cheno-am grains thinned to ghost outlines. In the majority of samples, there were ex-
amples across all taxa of grains with smoothed or melded surfaces, which made identifications difficult, and 
it is likely that some unknown fraction of pollen was lost over time through physical grain deterioration. 
Despite these problems, samples were countable, and only 16 were evaluated as sterile or containing inad-
equate pollen for a statistically significant estimate of the pollen population. The least-productive contexts 
were intramural nonthermal pits, with 6 sterile samples out of 17, and the geologic column, with 4 sterile 
samples out of 8 (see Table 70). The raw counts from the project pollen samples are reported in Appendix 7.1. 
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Pollen concentrations were moderately high. Excluding sterile samples and pollen washes, the average 
concentration of the countable samples was 11,026 gr/cc (n = 95), and the range was from 959 to 44,615 gr/
cc. The richness or variety of pollen taxa per sample was generally low, with an average richness of 8 and a 
range of 3–15. Forty-three pollen types were identified, but 20 were rare, occurring in three or fewer sam-
ples; 12 taxa registered in single samples only. The project pollen types are listed in Table 72 by their com-
mon and scientific names, organized by ethnobotanical and ecological categories, and ranked by ubiquity. 

Among the rarest types were maize; prickly pear; hackberry; cattail; cottonwood; nonlocal plants, such 
as lily family (probably yucca), ocotillo, and silktassel; the possible introduced species cranesbill; and an 
unknown that was tentatively assigned to the pea family (Figure 93). The unknown pea-family type was de-
scribed as follows: the grain is tricolporate with transverse widening at the pores, the longest grain dimension 
is 30–35 µm, and the shape is approximately round (polar to equator axis ratio of 0.9), with a tectate exine 
with a coarse to supra-reticulate surface. The unknown pea type was found at high values (13–24 percent) 
in two samples taken from the only bell-shaped pit analyzed, Feature 3551, which also contained a metate. 
A large grass grain was identified in eight samples and is believed to represent a contaminant introduced 
during laboratory processing. The large grass grains were distinctive and well preserved and were identified 
in pollen samples from other projects located far from LAFB that were processed at the Northern Arizona 
University laboratory.

There was one maize-pollen grain recorded in a floor sample from a San Pedro phase structure, Fea-
ture 13071, dated to 970–830 cal. b.c. The maize occurrence was not unusual in terms of age, because maize 
is known from Late Archaic period San Pedro phase farming sites (Diehl 2005; Gregory 1999), but the grain 
was odd because no other pollen samples yielded maize, and no flotation or macrobotanical maize remains 
were identified (see Chapter 6). Maize pollen could have hitchhiked into the San Pedro phase house on tools, 
trade items, or clothing, or its preservation in Feature 13071 could reflect some ritual or ceremonial use of 
maize pollen. The single pollen grain is inadequate evidence to infer any level of agriculture at the sites. 

The most abundant pollen type was cheno-am, with an average pollen percentage of 71 (n = 101 sam-
ples with significant counts) and a range of 26 to 93. Cheno-ams are the most common plant remains recov-
ered from southwestern archaeological sites (Huckell and Toll 2004) and are typically attributed to annual 
cheno-am weeds, like amaranth, that thrive in disturbed soils, especially at farming sites. However, in this 
analysis, “cheno-am” is interpreted to represent primarily saltbush (Atriplex spp.) because of the saline and 
fine-textured soils at the Luke Solar project sites. Saltbush is one of the few plants that are obvious in the 
modern vegetation, and Atriplex spp. twigs, wood, and fruit were prominent in Middle Archaic period flota-
tion and macrobotanical samples (see Chapter 6). The Middle Archaic period local environment may have 
fostered different Atriplex species through time, and there might have existed a changing mix of understory 
cheno-am weeds and other salt-tolerant species. 

Plant species subsumed by the broad cheno-am category are wind pollinated and produce large amounts 
of pollen. The strong cheno-am signal in project samples is interpreted to represent a swamping effect from 
local saltbush that diluted both natural and potentially culturally influenced pollen from other plants. Mes-
quite and paloverde, for example, are insect pollinated and are evaluated to have been underrepresented 
in project samples, partly because of the overrepresentation of cheno-ams. It is also likely that part of the 
cheno-am signature reflects harvest and processing of cheno-am food products. Common plants subsumed 
by the cheno-am pollen type are listed in Table 73 with their flowering seasons and ethnobotanical uses. 

Woodland pollen types occurred in the project samples (see Table 72), but in minimal percentages. The 
pine, juniper, and other extralocal to regional taxa are interpreted to have drifted in from higher-elevation 
woodlands and forests. 

Economic Pollen Types

One of the interpretive foundations of archaeobotany is the ethnographic record. There are several pub-
lished ethnobotany sources and summaries in which subsistence uses can be found for plants represented 
by all of the identified project pollen taxa (e.g., Hodgson 2001; Moerman 1998). But pollen assemblages 
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Table 72. Pollen Types found in Project Samples

Common Name, by Ecological and Economic 
Category

Taxon/Taxa
Ubiquity among 
117 Samples (%)

Interpreted economic pollen taxa

Cheno-ams cheno-ams (see Table 7.4 for common species) 97

Grass family Poaceae 66

Indianwheat, plantain Plantago spp. 21

Paloverde Cercidium spp. 15

Cactus family Cactaceae, including saguaro (Carnegiea spp.), 
hedgehog cactus (Echinocactus spp.), barrel cac-
tus (Ferocactus spp.), and others

13

Cholla Cylindropuntia spp. 9

Mustard family Brassicaceae 8

Wolfberry type (nightshade family) Solanaceae, attributed to wolfberry (Lycium spp.) 7

Mesquite Prosopis spp. 6

Lily family Liliaceae, including Yucca spp., onion (Al-
lium spp.), and others

4

Unknown, possible pea family unknown Fabaceae 3

Hackberry Celtis spp. 1

Cultigen

Maize Zea mays 1

Other desert food and subsistence resources

Sunflower family Asteraceae, including brittlebush (Encelia spp.), 
desertbroom (Baccharis spp.), and others

92

Spiderling Boerhaavia spp. 74

Globemallow Sphaeralcea spp. 49

Ragweed/bursage Ambrosia spp. 36

Spurge family Euphorbiaceae 34

Summer poppy Kallstroemia spp. 24

Evening primrose Onagraceae 21

Buckwheat Eriogonum spp. 20

Cottonwood Populus spp. 3

Unknown, possible grass unknown grass 3

Pea family Fabaceae 2

Ocotillo Fouquieria spp. 2

Four o’clock family Nyctaginaceae 2

Mint family Lamiaceae, including chia (Salvia spp.) 1

Prickly pear Platyopuntia spp. 1

Possible cattail Typha spp. 1

Mallow family Malvaceae 1

Greasewood Sarcobatus spp. 1

Cheeseweed type Sidalcea spp. 1

Extralocal to regional woodland trees and shrubs

Large pine Pinus ponderosa type 44

Small pine Pinus edulis type 28

Juniper Juniperus spp. 14

Mormon tea Ephedra spp. 10

Alder Alnus spp. 1

Silktassel Garrya spp. 1

continued on next page
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Common Name, by Ecological and Economic 
Category

Taxon/Taxa
Ubiquity among 
117 Samples (%)

Douglas fir Pseudotsuga spp. 1

Oak Quercus spp. 1

Rose family Rosaceae 2

Exotic

Cranesbill Erodium spp. 2

Laboratory contaminant

Large grass large Poaceae 7

Figure 93. Microphotograph of an unknown (possible pea-family) pollen type identified from bell-
shaped-pit Feature 3551. The longest grain dimension is 30–35 µm.
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are created by a mix of natural processes that affect pollen abundance and preservation that becomes further 
muddled by the overlay of human activities (Adams and Smith 2011; Fægri and Iversen 1989; Geib and 
Smith 2008). Therefore, not every pollen type signifies past human activities. A core suite of 11 taxa plus 
the unknown pea family are interpreted here as the important economic resources visible through the pollen 
lens (see Table 72). This does not mean these were the most important food resources utilized at the project 
sites, only that they are the ones that left pollen evidence. Ethnographic summaries are presented below for 
5 resources, in order to emphasize the seasonal implications of pollen in addition to the range and timing of 
food products available from a single resource. 

Mesquite

Mesquite pollen was relatively rare, occurring in only seven project samples (6 percent), but four of the 
seven samples were from structures, implying a strong cultural link. There are two dominant mesquite spe-
cies in the Sonoran Desert, honey mesquite (Prosopis glandulosa) and velvet mesquite (P. velutina), and in 
the past, screwbean (P. pubescens) was probably more widespread. Screwbean mesquite grows at better-
watered sites than where the other two species grow, and as water in the Sonoran Desert has been diverted 
by modern farming and development, the screwbean range has contracted (Turner et al. 1995). Mesquite is 
one of the most dependable desert resources, because deep root systems tap groundwater, thereby buffering 
trees from droughts, although late frosts or high winds during the flowering season can destroy a season’s 
seed crop (Hodgson 2001). 

All three trees were used by southwestern Native American tribes, and in regions where mesquite was 
abundant, the seed pods were a staple. Rea (1997:184) described velvet mesquite as the tree of life for the 
Gila River Pima, the Gileño, who based 2 months of their calendar on the tree—the mesquite leafing out 
moon (around April) and mesquite flowers moon (around May). The Seri Indians recognized eight usable 
products in fruit development, ranging from pods less than 1 inch long to mature pods that had fallen to the 
ground (Felger and Moser 1985). Another reference to the use of new pods is from Mexico, where green 
pods were harvested in April and dried for later use (Hodgson 2001:186). The Gileño considered mesquite 
flowers a snack food and were known to eat flowers mixed with a certain mud (Rea 1997:184). The staple 
food was the seed pods, which were harvested after the pods dried and fell to the ground, usually in late June 
through July. In wet summers, a second harvest was available in September through October. The Gileño 
stored great quantities of seeds in granaries made from arrowweed (Pluchea spp.) sticks that were sealed 
with a layer of arrowweed and mud (Rea 1997:186). If Archaic period people at the Luke Solar project sites 
used a similar storage system constructed from local plants, no evidence would have survived. 

Mesquite seed pods are not hollow containers encasing several seeds. Instead, a soft mesocarp tissue 
composed of sweet carbohydrates fills the pods and surrounds and insulates the seeds. The pods were gath-
ered, usually after dropping to the ground; dried in various ways; and then pounded in a mortar (Hodgson 
2001; Felger and Moser 1985; Rea 1997). The pounding freed the hard seeds and shredded the mesocarp 
into a fine meal or flour, which was separated by winnowing or screening. The meal was mixed with water 
to make a gruel or a doughy mass that was dried, baked, or boiled. Dried mesquite cakes apparently have 
an indefinite shelf life, making them a perfect traveling food (Rea 1997:187). Beverages were made from 
the meal mixed with water, which could also be fermented to make a sort of beer (Rea 1997:187). The Seri 
and other Native American groups separated and pounded the stone-hard seeds to meal in crushers, using 
gyratory grinders (see Felger and Moser 1985:340). Other valuable mesquite products included medicines 
made from saps, the pounded roots, and inner bark; all manner of wooden tools and gadgets; a black hair 
dye and a pottery paint made from sap; and even a superior binding or strapping material from the inner 
bark of certain species. 

The technology of milling mesquite pods is of interest, in light of the number of stone pestles and the 
token number of mortars recovered during the Luke Solar project excavations. Historically, seed pods were 
pounded with a wooden or stone pestle in a wooden mortar that was made from a mesquite or cottonwood 
log by burning a cavity into the wood with coals. Rea (1997:187) wrote this description of mesquite-seed 
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grinding from Julian D. Hayden, who worked with the River Pima in the 1930s: “The Pima avoided cracking 
the mesquite seeds by always pounding the pods in a wooden mortar with a stone pestle or a stone mortar with 
a wooden pestle because stone on stone would produce sharp-edged seed fragments.” If mesquite seed pods 
were processed in wooden mortars at the project sites, the wooden artifacts would have disappeared long ago. 

Paloverde

From the White Tank Mountains west of the Luke Solar project area, Keil (1973) reported two paloverde 
species growing along washes: foothill or littleleaf paloverde (Parkinsonia [Cercidium] microphyllum) and 
blue paloverde (P. floridum). Both trees flower from March through April and, at higher elevations, into 
May, although blue paloverde will flower a few weeks before littleleaf paloverde (Turner et al. 1995), and 
seeds are mature from May into July, before summer monsoons (Hodgson 2001:164; Turner et al. 1995). 
Paloverde-seed production may be linked to wet winters, as shown by early-summer fruiting in years when 
winter rains have been bountiful (Hodgson 2001:167).

Paloverde pollen was identified in 15 percent of the project samples. Most desert cultures in the Southwest 
ate the sweet, young seed pods of littleleaf paloverde and ground the mature seeds to meal, often mixed with 
mesquite or ironwood flours (Hodgson 2001:164–167). Hodgson (2001:165) reported that blue-paloverde 
seeds are bitter tasting and harder than those of littleleaf paloverde, but blue-paloverde seeds were also 
ground into edible meals. Paloverde seeds could be parched or toasted before grinding, and parched seeds 
could be stored whole. In Baja California, the Seri Indians relied on paloverde seeds as a staple (Felger and 
Moser 1985:324) and shelled, toasted, and ground them to flour that could be stored in vessels. They even 
ate the flowers, made necklaces by stringing dried seed pods, and used the flowers as a component of a red 
face paint (Felger and Moser 1985:324). 

Indianwheat

Indianwheat or plantain (Plantago spp.) was identified in 21 percent of the project samples. Indianwheat 
is an annual represented by several species that grow throughout Arizona in almost every ecosystem, from 
higher-elevation forests to the driest deserts. The small, ground-hugging plants pop up during the wet sea-
sons and are noticeable as fluffs of grey-green leaves and tiny white flowers. In the southern deserts, Indi-
anwheat is one of the first spring plants, appearing as early as February, with mature seeds by March into 
April, and flowering a second time after wet monsoons. For such a small plant, the seeds are relatively 
large, at 2–3 mm, and look like small flax seeds. The seeds become mucilaginous when wet, and Kearney 
and Peebles (1960:803) reported that during wet seasons in locations where seeds are abundant, thin crusts 
of wetted seeds can form around the plants. Seeds of two species (Plantago insularis and P. purshii) have 
been substituted for psyllium, a popular herbal remedy obtained from the Old World species, P. psyllium 
(Kearney and Peebles 1960:803). 

Native tribes throughout North America used Indianwheat, particularly the leaves, which were made 
into a drawing poultice for wounds and bites and were also used as a gastrointestinal laxative (Moerman 
1998:416–418). According to Moerman (1998:417), southwestern Hopi Indians applied P. patagonica to 
individuals to make them “more agreeable.” Food use of Indianwheat is well known, and in the Southwest, 
following a wet spring, abundant seeds could be threshed and winnowed from carpets of Indianwheat-seed 
heads. Water added to a handful of seeds made a mucilaginous drink, and toasted seeds were ground into 
gruel. Felger and Moser (1985:354) reported that the Seri Indians of Baja California harvested Indianwheat 
by pulling up and stockpiling whole plants. Seri women rolled the plants between their fingers to free the 
seeds, and then handfuls of seeds and chaff were wind-winnowed. It is easy to envision Indianwheat and a 
little water being ground with different spring seeds and grass grains to bind the mix into sheets or cakes. 
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Hackberry

Hackberry pollen was identified in 1 percent of the project samples. There are two species of hackberry in 
Arizona. Netleaf hackberry (Celtis reticulata) is usually a small tree found along water courses through-
out the state, and desert hackberry (C. pallida) is a spiny shrub to small tree that is common along washes 
and in drier sites in the Sonoran Desertscrub and desert grassland (Kearney and Peebles 1960; Turner et al. 
1995). Desert hackberry grows at the bases of cliffs and along washes in the White Tank Mountains, west 
of LAFB (Keil 1973). 

Desert hackberry flowers in early spring (March and April) and will often flower a second time after 
summer monsoons. The summer-into-fall fruits are small and pulpy, and each fruit contains a relatively large 
stone. The fleshy fruits were pounded to pulp or ground to meal, dried, and caked for storage, or they were 
simply dried to be reconstituted later. In the Southwest, use of hackberry fruits has been reported from most 
native cultures, including Navajo, Apache, Yavapai, Tohono O’odham, Seri, and the Rio Grande Pueblos 
(Moerman 1998:147). 

Wolfberry

Wolfberry (Lycium spp.) is relatively abundant today at the project sites, and these spiny shrubs were prob-
ably also present during the Archaic period. Wolfberry pollen was identified in 7 percent of project samples. 
Several species grow throughout the Southwest and can flower in any warm month when there is a good 
soil wetting. The most edible desert wolfberries flower from March to May, although desert-thorn (Lycium 
exsertum) can flower as early as January (Hodgson 2001:236). The sweet, red to orange berries quickly fol-
low the flowers and were an important, widely exploited spring food resource. The berries were eaten raw; 
sun-dried; cooked in water to make soups, sauces, syrups, and beverages; or dried and ground (Hodgson 
2001:236–237; Rea 1997:144). Sun-dried berries store well and have been reported to taste sweeter after 
drying (Hodgson 2001:236; Rea 1997:144). 

Environmental Patterns

Three samples from natural strata and eight samples from a geologic column described in TR 9067 were 
collected as controls to define the natural local pollen rain, in addition to capturing some sense of the pa-
leoenvironments through the Archaic and Ceramic period occupations. Unfortunately, only four samples 
from the geologic column yielded significant counts, and the ages of the natural strata did not adequately 
represent older periods. 

The four productive geologic samples included two samples from Stratum IIA, which dated to the early 
Chiricahua phase; a sample from the broadly dated Stratum IV (Pioneer to Classic period); and a sample 
from Protohistoric period Stratum V. The pollen assemblages were dominated by cheno-ams and did not 
show any clear trends indicative of climatic or environmental shifts (Table 74). Within the geology column, 
Stratum IIA (Provenience Designation [PD] 9182) recorded the lowest cheno-am percentage and the highest 
sunflower-family percentage, which could reflect a decrease in saltbush that was perhaps related to wetter 
springs and drier monsoons. However, PD 9182 may have been compromised, based on a minimal pollen 
concentration and a high percentage of degraded pollen, and the pattern was not replicated by two other 
Stratum IIA samples, one from the geologic column (PD 9180) and one from the natural strata (PD 20382). 

One interesting result from the natural strata was the presence of cholla and cactus family pollen, but 
in a sample of unknown age and in the early-historical-period sample (Stratum V). Cacti are conspicuously 
absent from the modern environment, although during SRI’s fieldwork, a single barrel cactus was spotted in 
one of the small washes (Jesse Ballenger, personal communication 2013). There was evidence of increased 
water delivery and sedimentation in the project area during the Middle Archaic period, between 2970 and 
2420 cal. b.c. (see Chapter 2), which might have resulted in the downslope expansion of desert vegetation 
zones, which may have brought cactus resources closer to the project sites. Alternatively, increased mois-
ture during the Middle Archaic period might have fostered a greater variety of resources as plants found 
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favorable topographic niches. Low representations of cholla and cacti in the archaeological samples sug-
gest that isolated patches of cholla, barrel, and/or other cacti might have grown at or near the project area.

Excavated structures were the best-dated project features, and structure-floor or -fill samples made up 
almost one-third of the database. Primary archaeological features are not ideal for environmental reconstruc-
tions because of confounding human factors. For example, construction materials and any interior plant pro-
cessing could strongly skew house pollen assemblages. Another negative aspect of using houses as environ-
mental proxies is the large area covered by the project sites. Small microsite differences in vegetation could 
register as significant shifts in pollen spectra. However, because structures appear to have been, for the most 
part, ephemeral and lightly used and because the project landscape is relatively homogeneous, floor surfaces 
and floor fill may hold environmental information from pollen rain that drifted in through entries and thatch. 
Respecting the above caveats, it is worth exploring the structure samples from an environmental perspective. 

In Table 75, average percentages for cheno-am, sunflower-family, and grass pollens are listed for only 
the best-dated structures. Excluded were structures with broad-range dates (for example, Early to Late Ar-
chaic period) as well as two substantial structures (early Chiricahua phase Feature 2602 and Cienega phase 
Feature 4621) that may have been used more intensively than other structures or for different functions and 
therefore are more likely to have been influenced by human activities. The temporal comparison highlights 
two periods during which cheno-ams may have been suppressed, the early Chiricahua and Cienega phases, 
and one interval during which cheno-ams may have been enhanced, the Red Mountain phase. The lower 
cheno-am values were offset by higher input from sunflower family and slightly higher input from grasses. 
The outlier of 27 percent grass pollen in one Cienega phase floor sample (Feature 1413) was discounted, 
because it suggested a cultural signal, perhaps from grass thatch. If there was a climate signal in the pollen 
flux from structure samples, the averages in Table 75 suggest wetter winters and springs during the early 
Chiricahua and Cienega phases that favored sunflower family and grasses and perhaps drier summers that 
restricted saltbush. Cheno-ams, with a few species exceptions, are in a summer-flowering category, and 
the high cheno-am percentage in Red Mountain phase structures could reflect stronger summer monsoons. 

Contextual Patterns

It is important to consider the pollen results from the perspective of context, because how features were used 
can affect the deposition, composition, and preservation of pollen assemblages (Adams and Smith 2011; 
Geib and Smith 2008). Almost half of the project samples came from structures (n = 55), and 40 percent 
came from extramural features or surfaces (n = 44, including controls for pollen washes). There were dif-
ferences in the presence of economic pollen types by context that highlighted certain resources and perhaps 
reflected food-processing technology (Table 76). 

Considering first the results from structures, the record of economic taxa was low compared to other 
contexts. Within structures, floor or floor-fill samples were more likely to preserve evidence of subsistence 

Table 75. Average Pollen Percentages from Structure-Floor and -Fill Samples, by Age

Temporal Affiliation No. of Structures No. of Samples
Average Pollen Percentage

Cheno-Ams Sunflower Family Grass

Early Chiricahua phase 2 4 70 15 3

Late Chiricahua phase 3 4 76 4 1

San Pedro phase 3 4 74 10 3

Cienega phase 2 3 62 13 27a

Red Mountain phase 2 2 80 3 1

Snaketown phase 2 2 76 10 —

Note: Early Chiricahua phase Feature 2602 and Cienega phase Feature 4621 were excluded from this table.
a An outlier in one sample.
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plants than any intramural features. The presence of economic taxa in five intramural thermal pits is mislead-
ing, because only one structure was represented, the large early Chiricahua phase structure Feature 2602. 
Intramural features may have been rarely used, and perhaps for purposes not involving plants, whereas foot 
traffic into and out of structures would have created more opportunities for pollen deposition. One notable 
pollen type from structure samples was the wolfberry type (nightshade family), which was documented in 
four structure-floor or -fill samples but only one extramural context, a ground stone cache. 

The most productive project contexts were extramural nonthermal pits, which is surprising, because 
pollen samples from these types of features are usually disappointing. Nonthermal pits were the most abun-
dant features at the project sites. At Falcon Landing, 2,738 of the greater-than-3,000 features documented 
were extramural pits, of which 1,396 were excavated; 1,098 of the excavated pits were nonthermal basin-
shaped features (see Volume 1, Chapter 4). The basin-shaped pits were typically small, shallow, nonde-
script depressions recognized from surrounding sediment by the contrasting fill color and texture. Notable 
pollen types in the pits were Indianwheat, cholla, cactus family, and rare types, such as hackberry and lily 
family. Feature 3551 at Falcon Landing was the only analyzed nonthermal bell-shaped pit that contained a 
metate. Two productive pollen samples from Feature 3551 produced assemblages distinct from those from 
any other contexts, with high values of mustard family (7–8 percent) and the unknown possible pea family 
(13–24 percent) (see Figure 93). A third pollen sample from beneath the metate in Feature 3551 was sterile. 

The highest ubiquity of Indianwheat was from nonthermal pits, one extramural ground stone cache 
(Feature 3074), and pollen-wash control samples collected from the sediments around metates. High val-
ues (pollen percentages) of Indianwheat (2–7 percent) were calculated from three of four samples collected 
from ground-stone-cache Feature 3074 and from one Middle to Late Archaic period nonthermal pit (Fea-
ture 4650). The correspondence between Indianwheat and ground stone tools and caches suggests that this 
early-spring annual was an important resource that was probably gathered for its seeds. The pattern further 
suggests that shallow, basin-shaped nonthermal pits were metate or mortar supports in which harvests of 
Indianwheat and other plants were piled and possibly ground. 

Pollen Washes

Pollen washes and the suite of collected control samples make up a special subset within the project sam-
ples. Geib and Smith (2008) conducted controlled grinding experiments with metates and manos to test 
the assumption that evidence of plant processing is preserved in pollen washes. Their results emphasized 
the difficulty of recovering and recognizing cultural-pollen signals, especially from tools found in open-air 
situations in which natural pollen rain quickly swamped grinding signatures. One of the insights from their 
experiments was that locations where harvests were cleaned and stripped of chaff are more likely to have 
preserved pollen from the processed resources than the actual artifact washes, because in general, pollen 
does not persist on cleaned seed or fruit. 

The seven project pollen washes were from six metates found upside down. Carefully matched control 
samples were collected from the artifacts in the field and in the laboratory before washing. The assumption 
explored in the pollen washes and controls was that the project artifacts would be linked to locations where 
plant materials became concentrated for processing and that pollen from those food resources would imprint 
on washes and/or controls. This theory appears to have borne fruit, because the pollen washes and controls 
were ranked second behind nonthermal pits for diversity of economic taxa. 

Two taxa were emphasized in the washes: paloverde in wash and control samples and Indianwheat in 
controls. The relatively high ubiquity of paloverde pollen suggests the use of early-spring flowers, young 
green pods, or perhaps mature seeds. Paloverde seeds were a widely exploited food throughout the southern 
deserts (Hodgson 2001), but there are no experimental data available to help understand whether grinding 
seeds would have left a pollen signature. The contrast in Indianwheat between washes and controls is in-
teresting. If Indianwheat were stockpiled near grinding stations to be stripped of seeds, pollen might have 
remained with the chaff and become concentrated in sediment around the grinding tools. If seeds were then 
ground, little or zero pollen is predicted to have stuck to seeds, and thus no Indianwheat pollen would have 
registered in artifact washes. One other spring resource was visible in two of the metate control samples: the 
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probable wolfberry type (nightshade family). Wolfberry berries were collected as early as March and April, 
and there are ethnographic accounts of grinding of the berries. 

The pollen washes produced the only project evidence of riparian conditions. Cottonwood pollen was recov-
ered from two metates (PDs 15189 and 15403), and one possible cattail grain was recovered from PD 15189. 
Two wash samples were generated from one metate (PD 15189), one sample from the flat surface and one 
from the concave use surface. The use surface yielded the possible cattail grain and the maximum 13 percent 
cottonwood value, and only 1 percent cottonwood was calculated from the flat nonuse surface. This evidence 
for riparian habitat is difficult to reconcile with the absence of water indicated in the other 114 pollen samples 
analyzed, and unfortunately, the two metates were from culture-bearing sediments that were difficult to date. 
PD 15403 was assigned to the Middle to Late Archaic period, and PD 15189 was dated to the Late Archaic to 
Pioneer period. 

Water may have been carried to the sites and used specifically with the metates (PDs 15189 and 15403), 
or the tools may have been transported from a riparian location where cottonwood pollen became embedded 
within stone textures. The Agua Fria River is accessible within 5 km (3.3 miles) to the east, and it is also 
possible that in the past, seeps or ponded water might have supported riparian habitat closer to the sites. The 
cottonwood pollen might also signify the use of new leaf buds, flowering catkin strands, and/or the round 
green balls of young seeds, called “berries” by the Pima (Rea 1997:178). New cottonwood buds and repro-
ductive parts are early-spring resources available from February through April. 

Temporal Patterns

In order to examine the project pollen data for temporal patterns, features were sorted first by context and 
then by age. Using this organization, the concentration and percentage of grass pollen and the presence of 
important economic types were compiled by context and listed by feature. Cheno-ams were not included 
because of the swamping effect of the predominantly wind-pollinated members within this broad category, 
although the project cheno-ams are acknowledged as probable important food resources. Average cheno-
am values for structures by temporal affiliation were calculated in a previous section (see Table 75), and a 
discussion of the project cheno-am signature can be found in the Results section (see Table 73). 

Structures are listed in Table 77, along with feature volume, when available, as an index to house size. 
Structure intramural features were excluded because of too few samples, unequal representation between 
temporal components, and sparse evidence of economic taxa (see Table 76; Appendix 7.1). There were no 
clear patterns between house size and economic pollen types. Two small Archaic period structures of less 
than 1 m3 in volume, Features 1313 (Early to Late Archaic period) and 4349 (Middle to Late Archaic period) 
stood out, with the greatest diversities of economic taxa, from any house but Cienega phase Feature 1413. 
The pollen-concentration measures also did not reveal any temporal patterns, and as discussed previously, 
abundant pulses of natural cheno-am pollen, the main driver of concentrations, likely obscured some por-
tion of the ethnobotanical evidence. 

The results from Cienega phase Feature 1413 were anomalous in many respects, compared to those from 
other structures represented by pollen samples. Feature 1413 was of medium size, with a volume of 1.7 m3, 
and in two fill samples, pollen concentrations were low, almost minimal (5,100 and 1,200 gr/cc). Yet five 
economic taxa were identified, and in one sample, the project maximum grass (27 percent) was calculated. 
The Feature 1413 high grass sample also produced one of two project instances of cranesbill pollen, which 
may represent the introduced, exotic species (Erodium cicutarium) and, if so, would indicate a minor degree 
of mixed sediments. 

Strong temporal patterns are visible in structure-floor or -fill samples. The better-represented Middle Ar-
chaic period structures produced more evidence of economic taxa than those of later periods. High percent-
ages of grass pollen with grass aggregates characterized Middle Archaic period (early Chiricahua phase) and 
Late Archaic period (San Pedro and Cienega phase) features and contrasted with lower grass in later house 
samples. Single samples from two Snaketown phase features did not preserve any grass pollen. Structure 
frames were probably thatched with local materials, and perhaps grass was the choice of Middle and Late 
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Archaic period builders, but during later occupations, other materials were favored. Harvest and the possible 
milling or storage of grass grains for food constitute another explanation for high grass values in early houses. 

Getting at the season in which grass might have been harvested for thatch or food is difficult, because 
there are several native grass species, and each is keyed to winter/spring and/or summer/fall flowering and 
seed production (Doebley 1984). Paloverde is a strong spring indicator, and this resource, like grass, was as-
sociated with earlier structures. Paloverde was present in two of the Middle Archaic period structures (early 
Chiricahua and late Chiricahua phase), two poorly dated structures (Middle to Late Archaic and Early to 
Late Archaic period), and one Cienega phase house (Feature 1413) but was absent from all six Late Cienega, 
Red Mountain, or Snaketown phase structures. Also, paloverde was absent from the two poorly dated Middle 
Archaic to Protohistoric and Early Ceramic to Protohistoric period features. Another spring indicator is In-
dianwheat, but there was no temporal pattern for Indianwheat among structures. Mesquite, which flowers in 
late spring (April to May), was present in two late Chiricahua phase structures and the poorly dated Middle 
Archaic to Protohistoric period Feature 2632. 

Late-spring-flowering resources are weakly associated with later structures. Cholla, which flowers in May, 
was rare in project samples, but three samples recording cholla pollen were from Late Archaic period struc-
tures. Cactus-family pollen, another May- or later-flowering category, was present in early Chiricahua phase 
Feature 4387; San Pedro phase Feature 2628; two broadly dated Archaic period structures, Features 1313 
and 4349; and Cienega phase Feature 1413 but was absent from Red Mountain phase to Protohistoric period 
structures. The nightshade-family type, attributed to wolfberry in this analysis, flowers as early as March. 
The wolfberry type was documented in four structure samples, one from Early to Late Archaic period Fea-
ture 1313 and the other three from Red Mountain phase and Early Ceramic to Protohistoric period structures. 

Extramural features (Table 78) are less informative than structures because of the less-precise, primar-
ily stratigraphic, dating. One faint pattern that may be real is the temporal distribution of cholla and cactus-
family pollen in Late Archaic period and later features, with the exception of cholla in one early Chiricahua 
phase nonthermal pit (Feature 7620). Three pit features of broad age ranges, Middle to Late Archaic and 
Late Archaic to Protohistoric period, and one Pioneer to Classic period activity area (PD 17912) recorded 
cholla pollen. Cactus-family pollen occurred in one Middle to Late Archaic period nonthermal pit, one Late 
Archaic to Protohistoric period nonthermal pit, one Late Archaic to Protohistoric period ground stone cache, 
and the Cienega phase surface ground stone cache (Feature 3775).

Pollen concentrations were high, at greater than 10,000 gr/cc in several of the nonthermal pits and two 
activity areas. In the majority of these high-concentration samples, the driver was cheno-ams, as demon-
strated by values of greater than 80 percent. A correspondence between Indianwheat and samples from 
ground stone caches is evident and is inferred to relate to food processing, as discussed in the Contextual 
Patterns section, above. 

The strong pattern for high grass in early structure-floor and -fill samples was not replicated in extramu-
ral features, which may support the interpretation that grass from structures reflects thatch. However, high 
percentages of grass pollen were recorded from a metate (PD 15427) found during the excavation of a early 
Chiricahua phase pit. This was the strongest temporal pattern in the suite of metate washes and related control 
samples (Table 79). Other economic pollen types recovered from the pollen washes and controls were inter-
preted to reflect food-processing activities around grinding stations. Indianwheat and paloverde were particu-
larly notable in the pollen-wash controls and were discussed previously in the Contextual Patterns section. 

Discussion

SRI’s excavation and data recovery efforts at LAFB have resulted in an archaeological record that provides a 
rare view of Middle to Late Archaic period human activities at a lower-bajada location in the Phoenix Basin. 
The project pollen record of subsistence was faint, characterized by low representation of a suite of 11 eco-
nomic taxa and 1 unknown possible pea family. But considering the antiquity of the project sites; the evidence 
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for light, intermittent use; the preservation challenges in recovered pollen assemblages; and the small fraction 
(2 percent) of project features represented by the pollen samples, the fact that any economic pollen was rec-
ognized points to a cultural imprint vibrant enough to persist through the past 5,000 years. The pollen results 
contribute information to some of the project research questions and themes, although there were exceptions 
across contextual and temporal categories to all of the patterns identified in the following sections. 

Environmental Patterns

The modern vegetation at the project sites is not diverse, and it is difficult to imagine what drew prehistoric 
people to the area. Shrubs of saltbush (Atriplex spp.) and wolfberry (Lycium spp.) grow on the flats between 
drainages, and within drainages, trees of paloverde (Cercidium spp.), mesquite (Prosopis spp.), and non-
native tamarisk (Tamarix spp.) are found with desertbroom (Baccharis spp.) and crucifixion-thorn (Cano-
tia spp.) shrubs. A few hardy perennial grasses and herbaceous plants survive in the shade beneath trees. 
Today, this environment appears a stark landscape, but before historical-period development and modern 
farming impacts, wet seasons, especially in late winter to early spring, would have painted a green flush of 
annuals and grasses across the lower bajada for a short few weeks. 

Control samples from a column of geologic samples and natural strata were examined for possible in-
flections through time that could relate to climatic shifts, but the results from the productive control sam-
ples were inconclusive. Structure-floor and -fill samples were investigated for environmental information, 
although cultural features are not ideal proxies because of human influences. Most of the project structures 
were apparently lightly used constructions predicted to have captured some sense of the surrounding en-
vironment. The main advantage to considering structures is the precise dating that completes a network of 
points spanning several-thousand years. The structure temporal comparison did not reveal any dramatic or 
definitive climatic shifts, but there were hints that the early Chiricahua and Cienega phases may have been 
characterized by wetter springs than the late Chiricahua, Red Mountain, and later phases. The evidence for 
these interpretations is in the suppressed cheno-am percentages (in a summer-flowering category) and higher 
sunflower-family and grass percentages during the early Chiricahua and Cienega phases (see Table 75). 

Overall, the archaeological pollen spectra showed that during the Archaic period, vegetation was similar 
to modern vegetation, with saltbush (cheno-am pollen) and what is probably wolfberry (nightshade family), 
mesquite, and paloverde. Other elements that may have been growing in the neighborhood or at least within 
a few kilometers included hackberry, cholla, other cacti, ocotillo, and perhaps yucca. What is clear in the 
pollen data is that there was never any riparian habitat at the project sites and, therefore, no permanent sur-
face water. The only evidence of riparian conditions from pollen samples or from macrobotanical remains 
(see Chapter 6) was cottonwood pollen recovered from two metates. 

Chronological Patterns

Chronological patterns were teased out of the changing pollen spectra across contexts and temporal affili-
ations. Structures produced the best temporal records because of the radiocarbon chronology. Pollen as-
semblages from structures should also be closely linked to the times of use, because pollen is more likely 
to remain protected under collapsed roofs and walls than in the uncertain natural and cultural histories of 
extramural contexts. 

The strongest temporal patterns in structure-floor and -fill samples were a greater diversity of economic 
taxa; a higher grass representation, including grass-pollen aggregates; and a greater frequency of paloverde 
from early Chiricahua and San Pedro phase contexts and two broadly dated Early to Late Archaic period 
structures (Features 1313 and 4349) than from other structures (see Table 77). The variety of economic taxa 
during the Middle Archaic period makes sense; that was the period of greatest use and would be expected to 
have left the richest archaeobotanical record. One Cienega phase structure (Feature 1413) broke the pattern, 
with the maximum grass percentage and number of economic types out of all 34 structures represented in the 
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sample set, which suggests that Feature 1413 was particularly well used or for some other reason preserved 
a strong pollen record. Weaker trends in structures were that cactus-family pollen (hedgehog cactus, barrel 
cactus, and saguaro) occurred more frequently in Late Archaic period structures, including those from the 
San Pedro phase, and cholla occurred more frequently in the Cienega and Late Cienega phase structures. 

The bias for high grass, especially aggregates of grass, in Middle Archaic period and San Pedro phase 
structures could be an architectural trait, if grass thatch were used to cover house frames, but there was also 
evidence for food use of grasses from a metate recovered in a early Chiricahua phase pit. One implication 
of the early grass signature is that it could relate to resource availability, which, in turn, might reflect a use 
season and/or climatic conditions that favored grasses. Vorsila Bohrer (1975) has written about the prehistoric 
importance of grains from cool-season grasses to fill the gap between winter famine and the late-spring bounty 
of desert cacti. The environmental patterns discussed above are subtle but suggest wetter springs during the 
early Chiricahua and Cienega phases that might have favored grasses. The co-occurrence of early-spring-
flowering paloverde and high grass in the Middle Archaic period and San Pedro phase structures supports 
the idea that people used the project sites in the early spring, perhaps by February and March through April. 
The strong signature of Indianwheat in extramural nonthermal pits also reinforces an interpretation of spring 
use. Indianwheat desert species can flower as early as February. The tenuous pattern for cacti and cholla to 
show up in later structures could be interpreted as a slight seasonal shift by Late Archaic period people to 
gather late-spring cacti resources and to transport a few cacti products to project sites for processing with 
other late-spring resources, like paloverde seed pods.

Subsistence and Land-Use Patterns

One grain of maize pollen identified in the floor sample from a San Pedro phase structure (Feature 13071) 
was the only evidence of a cultigen, and although it is interesting as a possible ritual or ceremonial artifact, 
the other 116 cultigen-negative pollen samples and the absence of any cultigen macro remains (see Chapter 6) 
prove that people at the project sites were not farming. Except for the problematic late-summer cheno-am 
indicator that overwhelmed pollen assemblages, the suite of interpreted economic resources were weighted 
to early-spring, perhaps even late-winter, occupations; another use season between April and June; and a 
possible third season in the early fall, after summer monsoons (Table 80). 

One important aspect of these economic plants is that a single resource produced more than one food 
product over the course of a few weeks and overlapped with other resources that were also developing differ-
ent food products. By March into April, greens from spring annuals; Indianwheat and mustard-family seeds; 
paloverde flowers and young seed pods; certain products from the lily family, such as yucca flowers; and pos-
sibly grain from spring grasses or winter grasses retaining seed heads would have been available at or near 
the project sites. Plant flowering and fruiting are staged across elevations, and the distal-fan location of the 
project sites would have produced the earliest foods, but within a month, people could have followed the same 
resources upslope. The location of the project sites between the White Tank Mountains and the Agua Fria 
River, a scale of only about 20 km (9 miles), would have been ideally situated for repeated visits from foragers 
who ranged back and forth across an ever-changing landscape of food resources. Middle Archaic period and 
San Pedro phase foragers would have understood intimately where and when plant resources were available. 

Contextual patterns in the pollen results suggest that food resources were linked to nonthermal basin-
shaped pits and not to structures, except for possible grass processing in structures. The numerous shallow, 
basin-shaped pits might have supported baskets or grinding stations where food resources were stockpiled to 
be processed. The majority of the smaller structures may have been expedient shelters for shade and weather 
protection, or perhaps they served specialized functions, such as storage. Ethnographic accounts from the 
Gila River Pima have documented the storage of mesquite seed pods in granaries constructed from brush 
and other perishable materials (Rea 1997:186). It is possible that some type of ephemeral mesquite-storage 
bins were used by Archaic period people at the project sites, inside or outside structures.

One nonthermal-pit sample recorded hackberry, and wolfberry type (nightshade family) was identified in 
eight project samples, four of which were from structures. Both plants flower early and produce edible berries 
or fruits. Wolfberry is interpreted to have been common at the project sites, yielding berries by April or May, 



 356

depending on the year. Hackberry probably did not grow at the sites but may have been nearby. Hackberry 
fruits become available throughout the summer and were probably more of a snack food for traveling foragers. 

Based on the pollen data, cacti were never abundant at the project sites but would have been accessible 
within a few kilometers upslope, on the middle bajada, and during the Middle Archaic period, they might 
have grown closer to the project sites. Resources like cholla-flower buds would have fit into the seasonal 
round in May before mesquite seed pods were mature and dry enough to grind (June to July).

Mesquite may have been one of the main resources utilized at the project sites, but pollen is not the best 
source to discern use. Mesquite is insect pollinated, and the pollen does not travel far and is not predicted to 
persist on mature pods. In the pollen-sample set, two late Chiricahua phase structures (Features 11229 and 
10114) produced mesquite pollen, and Feature 10114 yielded a mesquite-pollen aggregate. The signature 
suggests an April to May use for these structures and might also be a glimpse of the consumption of mesquite 
flowers or possibly young green seed pods. In wet monsoon years, mesquite produces a second seed crop that 
is ripe by September into October, which would have helped carry prehistoric people into the winter season. 

The overwhelming Luke Solar project cheno-am signature could represent several different species, but 
the most logical candidate is saltbush (Atriplex spp.), which is a dominant shrub in the modern vegetation. 
In the past, a greater variety of saltbush shrubs and herbs might have grown at the project sites, in addition 
to other cheno-am taxa, such as seepweed (Suaeda spp.), picklebush (Allenrolfea spp.), and weeds (Ama-
ranthus spp. and Chenopodium spp.). Quailbush (Atriplex lentiformis), a halophytic phreatophyte, might 
also have thrived in the project area. Quailbush seeds were milled by several native desert tribes, and one 
interesting thing to note is that seeds could be ground on metates or pounded (Moerman 1998:116). Pestles 
were remarkable in the Luke Solar project ground stone collection (see Chapter 3), and hard saltbush seeds 
might have been some of the resources processed with pestles. Stone-hard mesquite seeds are another food 
product processed by pounding or gyratory grinding, and paloverde seeds might have been similarly treated. 

Table 80. Interpreted Economic Pollen Taxa and Seasonal Implications

Pollen Type, by Seasonal Signal Flowering Season Part(s) Harvested and Season(s)

Early spring

Indianwheat February to March leaves, February to March; seeds, March to April

Mustard family February to April seeds, early spring

Paloverde March to April flowers and young green seed pods, March to 
April; mature seeds, May into July

Wolfberry type (nightshade family) March to May wolfberry fruits, April through May into June

Grass family early spring through fall, de-
pending on the species

grains and leaves, early spring through late fall, 
depending on the species

Lily family February to May, depending 
on the species

yucca flowers, April to May; yucca fruits, June

Hackberry March June through September

Late spring to summer

Cholla April to May flower buds, May; fruits, June through late sum-
mer into fall

Cactus family, including saguaro, hedge-
hog cactus, barrel cactus, and others

April to June fruits, June through July

Mesquite April to May flowers, April to May; young green pods, after 
May; seed pods, June through July into Fall

Late summer to early fall

Cheno-ams, including saltbush, seepweed, 
herbaceous weeds, and others

July to August greens, July; seeds, August into October/
November
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Regional Considerations

The project pollen results are not directly comparable to other regional records because of the disparity in 
the types of contexts represented. In southern Arizona, the two Middle Archaic period sites with any good 
pollen data are Last Ditch and Coffee Camp. Both are characterized by few structures and more than 100 ex-
tramural features, but those features are thermal pits and hearths (see the Previous Research section, above). 
In contrast, the Luke Solar project sites contained only a few thermal features, several structures, and more 
than 2,000 nonthermal pits. 

Last Ditch, Coffee Camp, and the Luke Solar project sites all registered strong spring pollen signatures 
characterized by grasses, Indianwheat, and mustard family, and all three projects found preserved evidence of 
mesquite. The major differences among the three records are the emphasis on cholla and lily family (yucca) 
at Last Ditch, the emphasis on cholla at Coffee Camp, and the minimal emphasis on cholla and other cacti 
at the Luke Solar project sites. All three projects found evidence of multiple annual visits through two to 
three seasons. Alternatively, occupations could represent different seasons in different years and could have 
been triggered by wet springs or wet summers. The speculative pattern in this comparison is the correlation 
between cacti processing and thermal pits at Last Ditch and Coffee Camp and between saltbush, paloverde, 
and mesquite-seed processing and nonthermal pits at the Luke Solar project sites.
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C H A P T E R  8

Bioarchaeology

Mitchell A. Keur

Introduction 

Two burial features were encountered during the Luke Solar project. One was a secondary cremation (Fea-
ture 106) at Site 68, and the other was a secondary inhumation (Feature 3139) at Falcon Landing. Feature 
summaries for the burials appeared in Chapters 4 (Feature 3139) and 5 (Feature 106) of Volume 1 of this 
report. In accordance with the project NAGPRA Plan of Action, all human remains and associated mortuary 
items recovered from the Luke Solar project area were repatriated to the Salt River Pima-Maricopa Indian 
Community on June 28, 2013. 

This chapter serves to address bioarchaeological attributes of the area of potential effects (APE). As will 
be seen, the paucity of human remains frustrates attempts to infer demographic and mortuary behavioral 
characteristics of the population. Few conclusions may be drawn from two burials, fewer still when bone 
preservation is poor and feature characteristics are ephemeral. Nevertheless, the absence of bioarchaeologi-
cal data and observations is instructive when examining site structure and formation. These considerations 
will be introduced here by way of comparison to bioarchaeological findings at similar sites. The discussion 
will then be continued in Chapter 11.

Research Goals 

The Luke Solar project adds to our understanding of Phoenix Basin prehistory, particularly in regard to, 
among other things, subsistence, mobility, and inferred social structure. Mortuary behavior contributes to 
the overall picture of human interaction with a location, occurring during periods of time that are unique in 
the expression of both the utilitarian and the ceremonial. The manner in which a group explores the postlife 
of its members can provide insight into group needs and values.

Considerable numbers of bioarchaeological investigations have focused on the Archaic period in the U.S. 
Southwest. Mortuary behavior, like technological transmission and subsistence innovations, is best exam-
ined as a set of attributes within a temporal and spatial context. Sites that are similar in time and space offer 
a powerful lens through which to view the bioarchaeology of a particular site under consideration. This is 
especially important when the bioarchaeological record is minimal and the available observations are few. 
Comparisons to similarly situated sites help to place in context the bioarchaeological attributes that we can 
see and allow for some reasoned inferences about what we cannot see.

In the following sections, the bioarchaeology associated with Site 68 and the Falcon Landing site is 
described, including both osteological attributes and observable mortuary behavior, followed by summary 
descriptions of the bioarchaeological components of 10 other sites in the Phoenix and Tucson Basins and in 
southeastern Arizona that span time periods that include those of the burials at Site 68 and Falcon Landing. 
These 10 sites serve to provide context and comparison for the bioarchaeology of the Luke Solar project. 
The goal of these comparisons is to identify trends across time and space, as well as illuminate differences 
between what is known of these 10 sites and what is understood of Site 68 and Falcon Landing.
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Bioarchaeology of the Luke Solar Project 

Analytical Methods 

As noted above, two features in the APE contained human remains: Feature 3139 at Falcon Landing and Fea-
ture 106 at Site 68. Chapters 4 and 5 of Volume 1 of this report detail the excavation methods associated with 
these features. The following sections will (1) summarize the burial context; (2) describe the osteology of the 
recovered human remains, including demographic characteristics, evidence of injury or disease, and tapho-
nomy; and (3) discuss the mortuary behavior inferred from the contextual, biological, and artifactual evidence.

Feature 106, Site 68 

Burial Context 

Feature 106 at Site 68 was a secondary cremation that consisted of fragmented and thermally altered hu-
man remains across an area of 6.53 by 3.35 m (Figure 94). A burial pit was not identifiable, and the feature 
boundary was determined by the presence of human skeletal remains. Bone fragments were either point-
provenienced or recovered from 1/8-inch mesh and then transported to a secured-access on-base facility for 
laboratory examination and recording.

In total, 59 fragments of human bone were recovered from Feature 106 (Table 81). These included 2 frag-
ments of unsided parietal, 2 fragments of occipital, and 4 unidentifiable cranial fragments. The postcranial 
skeletal elements included 2 unsided long-bone-diaphysis fragments (1 of which was possibly a tibia) and a 
distal tarsal phalanx, possibly from the second or third digit. The remaining 48 fragments were not identifi-
able to element; however, all of the fragments were consistent with having originated from a single individual.

In total, 231 artifacts were recovered from Feature 106, including ground stone and flaked stone fragments 
and fragments from 6 projectile points (Table 82). Two of the projectile point fragments were diagnostic as 
Elko Corner-notched and San Pedro points (Figure 95). Additionally, 1 piece of FAR was recovered as well 
as several hundred fragments of nonhuman faunal bone. It is unlikely that the faunal remains are associated 
with the burial, however, as is discussed further below.

Skeletal Biology 

The lack of identifiable and diagnostic skeletal elements severely limited the demographic interpretations of 
Feature 106. As noted above, all of the human-bone fragments recovered from Feature 106 were consistent 
with a single individual, and the interpretation of the skeletal biology was based on that assumption. The overall 
density of the bone fragments suggested an age of at least complete development, generally accepted as around 
18 years (Buikstra and Ubelaker 1994). One of the fragments of parietal bone included a small section of the 
lambdoidal suture. The margins of the suture appeared well defined and showed no evidence of synostosis (su-
ture closure). This observation was inconsistent with extremely advanced age, but because the section of the 
suture represented by the fragment was not precisely locatable, the Meindl and Lovejoy method of age estima-
tion by cranial-suture closure was not available (White and Folkens 2005). An age range of 18+ years could not 
be sensibly narrowed. The distal tarsal phalanx showed complete development and no observable wear on the 
articular surface. These observations are also indicative of an individual at an unknowable stage of adulthood.

The sex of the individual could not be determined, because of an absence of diagnostic elements. The 
recovered cranial fragments, including those from the parietal and occipital bones, displayed a density con-
sistent with an adult individual but did not display any dimorphic characteristics. In other words, none of the 
fragments exhibited a robustness or gracility that would suggest male or female sex. No evidence of injury 
or disease was noted on any of the fragments.
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Figure 94. Feature 106 at Site 68, a secondary cremation.
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Mortuary Behavior 

The recovery context associated with Feature 106 represented the confluence of mortuary behavior and an-
thropogenic and natural taphonomic processes. As noted above, no formalized burial pit was encountered, 
and no evidence of a burial or cremation vessel was located. In short, any evidence of the human activity 
that led to the deposition of the remains, if existent, was not observable. 

Many recovered elements showed evidence of thermal alteration, along a range of severity. Some frag-
ments were wholly unburned, and other fragments were blackened or even calcined. The majority of burned 
elements showed thermal alteration in cross section, indicating that exposure to heat occurred after the re-
mains had been fragmented. Additionally, of the eight fragments identified as cranial, only three showed 
evidence of burning. One unsided parietal fragment (PD 120) was charred and calcined in cross section, 
and two occipital fragments (PD 125) were grey and nearly calcined in cross section. The remaining cranial 
fragments showed no evidence of burning. This disparity suggests either very localized exposure to heat or, 
more likely, separation of contiguous elements prior to exposure to heat. 

Table 81. Inventory of Skeletal Elements Recovered from 
Feature 106 at Site 68

Element, by Skeletal Region n Remarks

Cranial

Parietal 2 Unsided.

Occipital 2

Unidentifiable 4

Appendicular

Tibia 1 Possible tibia, unsided.

Unidentifiable 1

Extremities

Distal tarsal phalanx 1 Possibly the second or third digit, 
unsided.

Unidentifiable 48

Total 59

Table 82. Artifacts Associated with 
Feature 106 at Site 68

Artifact Type Count

Biface fragment 2

Flaked stone debitage 221

Mano fragment 1

Projectile point fragment 6

Scraper fragment 1

Total 231 Figure 95. Projectile points associated 
with Feature 106 at Site 68: (a) Elko 
Corner-notched and (b) San Pedro.
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Feature 3139, Site 419 

Burial Context 

Feature 3139 at Site 419 was a secondary inhumation that consisted of a small pit containing fragmentary 
human remains and FAR (Figure 96). The pit measured 1.9 m long and 0.75 m wide and was divided into 
two sections to define its horizontal boundaries. Section (SEC) 7226 was situated in the northern portion 
of the pit and was excavated in two levels. Five fragments or clusters of fragments of human remains were 
point-located, and an additional 9 fragments were recovered from the fill of Level 1. Five pieces of FAR were 
also recovered from SEC 7226. The southern section of the pit (SEC 7228) contained 27 pieces of FAR. In 
addition to the FAR, 1 chert biface flake was found in the burial pit. It is unlikely, however, that this flake 
represented a mortuary artifact. No human remains were recovered from that section.

In total, 114 human-bone fragments were recovered from Feature 3139. Sixty-one of these fragments 
were identifiable as portions of cranial elements (Table 83). These included 3 fragments of frontal bone, 
4 fragments of left parietal, 1 fragment of right parietal, 11 fragments of occipital, and 42 fragments of un-
specified cranial bone. Although few fragments could be reconstructed, all were consistent with a single in-
dividual. The 42 unidentifiable bone fragments were similarly not inconsistent with having originated from 
a single individual.

Skeletal Biology 

Some of the human-bone fragments associated with Feature 3139 exhibited characteristics that suggest cer-
tain demographic attributes of the individual. As was the case with Feature 106 at Site 68, the prevailing 
presumption was that all of the human remains recovered from Feature 3139 belonged to a single individual, 
and each line of evidence contributed to the biological profile of that individual. The bone density of all ob-
served remains was consistent with an individual at or past the age of adulthood, and there were no indica-
tions of incomplete development. Several fragments included portions of cranial sutures; however, as was 
noted for Feature 106, the Meindl and Lovejoy method was unavailable, because the portions of the sutures 
associated with the fragments could not be precisely identified (White and Folkens 2005). The age category 
of adult, corresponding to an age of 18+ years, could not be narrowed further. No evidence of synostosis 
was observed; it is therefore unlikely that the individual was of extremely advanced age.

Most of the fragments observed were inconclusive for determining the sex of the individual. The cranial 
fragments were generally robust, but not to an extent that permitted reliable evaluation of sex. One fragment, 
however, did exhibit dimorphic characteristics. A point-provenienced fragment of frontal bone (PD 7233) 
included a portion of the supraorbital margin of the left eye orbit. The margin was blunt and rounded, an 
observation generally suggestive of males (Buikstra and Ubelaker 1994:19–20). Although this single obser-
vation was insufficient to determine sex with certainty, it would be appropriate to conclude that the chance 
that the individual in Feature 3139 was male is greater than 50 percent.

No evidence of injury or disease was observed on any remains from Feature 3139.

Mortuary Behavior 

As noted above, the burial pit associated with Feature 3139 measured 1.9 m long and 0.75 m wide. The pit 
followed a generally north–south orientation and was basin shaped in cross section. All of the human remains 
were found in the northern half of the pit, and the southern half of the pit was dominated by fragments of 
FAR; 27 of the 32 recovered pieces of FAR were clustered in a roughly 20-cm-diameter area in the south-
western area of the pit. The purpose of the FAR, if intentional, was not immediately clear. It is possible that 
the rock served as a grave cap or marker, but that interpretation is speculative. The placement of the remains 
within the pit was similarly unclear. Although all of the remains were cranial elements, the locations of the 



 364

Figure 96. Feature 3139 at Falcon Landing.
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fragments or clusters of fragments were not consistent with anatomical positions or relationships. No ele-
ments were in articulation, and the distribution of fragments provided no indication of the original place-
ment or orientation of the cranium. 

Apart from sharing a single pit, the FAR and the human remains appeared to have had only a casual 
relationship to each other. Nevertheless, several of the cranial fragments showed charring and blackening 
in cross section. This indicates a mild, if not coincidental, exposure to heat. The amount and extent of burn-
ing was not consistent with intentional cremation. Additionally, the distribution of the burning suggested 
that the elements were fragmentary prior to exposure to heat. Blackening was observed in cross section, but 
little thermal alteration was seen on the external surfaces of the bones. These observations indicate that the 
burial was a secondary inhumation.

The Bioarchaeology of Comparative Sites 

This section provides a brief description of 10 sites in and around the Phoenix and Tucson Basins and in 
southeastern Arizona. The periods represented by these sites include the San Pedro phase, the Cienega phase, 
and the Red Mountain phase, from approximately 1200 b.c. to a.d. 400. The 10 sites provided a compara-
tive population of 111 burials, with 16 from the San Pedro phase, 47 from the San Pedro/Cienega phases, 20 
from the Cienega phase, 26 from the Cienega/Red Mountain phases, and 2 from the Red Mountain phase. 
The 10 sites are presented below chronologically, by archaeological phase.

San Pedro Phase 

Las Capas 

Excavations at Las Capas (AZ AA:12:111 [ASM]) in the Tucson Basin have resulted in the recovery and re-
porting of 16 San Pedro phase burial features (McClelland et al. 2007; Ruble et al. 2008). Of these, 14 were 
primary inhumations, 1 was a secondary inhumation, and 1 was a primary cremation. All of the inhuma-
tions were flexed or tightly flexed. The age distribution of the skeletal sample was 4 infants, 3 adolescents, 
and 9 adults. Sex could be determined for 8 of the adults and 1 of the adolescents: 5 were male, and 4 were 
female. Mortuary artifacts included red ochre, clay-figurine fragments, and shell beads. Few ground stone 
or flaked stone artifacts were recovered from the burial contexts.

Table 83. Inventory of Skeletal Elements Recovered from 
Feature 3139 at Falcon Landing

Element, by Skeletal 
Region

n Remarks

Cranial

Frontal 3 Includes one fragment of the left orbit with 
a blunt supraorbital margin.

Occipital 11

Parietal, left 4

Parietal, right 1

Unidentifiable 42

Total 61
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San Pedro and Cienega Phases 

Cienega Creek 

Haury’s (1957) reporting of excavations at the San Pedro/Cienega phase site along Cienega Creek on the San 
Carlos Indian Reservation (here referred to as the “Cienega Creek site”) included 47 cremations, 40 of which 
were from a single, large pit with pockets of cremated bone. Each pocket represented a discrete secondary 
cremation covered with earth or slabs of tuff. The remaining 7 cremations were west of the large pit, in two 
small clusters. All of the cremations were secondary depositions, and it is unclear where the cremations took 
place. One of the 7 cremations away from the large pit produced a small amount of intact basketry sugges-
tive of the presence of cremation vessels. No inhumations were recovered from the site.

The 47 cremations did provide a substantial number of artifacts, including 35 projectile points, 20 assorted 
flaked stone tools, 4 stone pipes, 1 pestle, and 1 stone tray, as well as red paint and the basketry fragment. 
Radiocarbon dates associated with the cremations produced an age between 1146 cal b.c. and cal a.d. 33, a 
time frame that roughly spans the San Pedro and Cienega phases. 

Cienega Phase 

Donaldson 

The Donaldson site (AZ EE:2:30 [ASM]), a Cienega phase site located along lower Matty Wash in the Tucson 
Basin, included five burials (Huckell 1995; Minturn and Lincoln-Babb 1995). All five burials were primary 
inhumations of adult individuals. Three of the individuals were male, and two were female. All three of the 
male individuals were interred in flexed positions, as was one of the females. The other female individual 
was interred in an extended position. Apart from a basin metate apparently placed on top of one of the male 
individuals, no mortuary artifacts were associated with any of the burials. A sixth burial was excavated dur-
ing the work at the Donaldson site, but it was determined to be from a later Hohokam occupation and did 
not receive similar analysis to that of the other five burials.

Another site (AZ EE:2:577 [ASM]), located immediately north of the Donaldson site, was recently 
identified and contained three burials (Hall, Windingstad, et al. 2010). Erosion along the cutbank of Matty 
Wash partially exposed human remains, and investigators were contacted to assess and remove them. Prac-
tical limitations prevented investigators from fully excavating the burials, but field observations supported 
the conclusion that five individuals were present. One burial was the cranium of a young-adult male, lying 
supine. The second burial consisted of the lower legs and feet of two adults of indeterminate sex, lying in a 
basin-shaped pit capped by rocks. The third burial consisted of the lower legs and feet of two young-adult 
individuals of indeterminate sex, lying in a rock-lined, bell-shaped pit.

These three burials were contemporaneous with the Donaldson site: the multiple inhumations were con-
sistent with the Cienega phase inhumations, and the male cranium was consistent with the Hohokam occu-
pation. Given their locations and temporal characteristics, it is sensible to regard these three burials as part 
of the Donaldson site. Nevertheless, the lack of observable context for these burials prevents any specific 
conclusions about their associated mortuary behavior. Indeed, apart from excluding cremation as part of the 
burial program, the contribution of these burials to the bioarchaeology of the Donaldson site was limited.

Los Ojitos 

The Los Ojitos site (AZ EE:2:37 [ASM]) is a Cienega phase site that is complementary to the Donaldson site 
(Huckell 1995; Minturn and Lincoln-Babb 1995). Seven burial features were excavated from Los Ojitos dur-
ing the 1982–1983 field efforts. Six of the burials were flexed primary inhumations. Of these, five exhibited 
skeletal characteristics consistent with or suggestive of adult females. The sixth individual was represented 
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by the incomplete remains of an adolescent for whom sex could not be determined. A complete projectile 
point was encountered in association with one of the individuals, but it was unclear whether it was a burial 
offering. Otherwise, none of the burials included any mortuary artifacts.

In addition to the six primary inhumations, a secondary inhumation containing the remains of at least 
four individuals was excavated. The remains appeared to have been arranged with three skulls atop “an im-
pressive mass of long bones” (Huckell 1995:49). A fourth skull was encountered during subsequent labora-
tory examination of the feature. It was unclear to investigators whether the secondary inhumation was part 
of a specified burial program or the remains had been disturbed by the construction of other pit features and 
subsequently reinterred. No mortuary artifacts were recovered with this secondary inhumation.

Los Pozos 

Los Pozos (AZ AA:12:91 [ASM]) is a multicomponent (Chiricahua and Cienega phase) site in the Tucson 
Basin that included three inhumations from the Cienega phase (Gregory 2001). Two inhumations were of 
adult females, both tightly flexed. Indeed, the positions were so tightly flexed that investigators suggested 
the possibility that the inhumations represented secondary interments. Disturbance to the burial features 
prevented a clear determination. A third burial, that of an adult male, displayed a semiflexed position with 
articulation that clearly indicated a primary inhumation. Apart from some metate fragments beneath one of 
the tightly flexed female inhumations, no mortuary artifacts were encountered.

Human remains were also recovered from five “nonburial contexts” at Los Pozos (Minturn and Lincoln-
Babb 2001:303). These included three teeth and elements of the extremities. The remains were all consis-
tent with a single individual; however, one completely calcined carpal phalanx was encountered among 
the remains from nonburial contexts. This element was the only one at Los Pozos that showed evidence of 
thermal alteration.

Kearny 

The Kearny site (AZ V:13:201 [ASM]), located along the Gila River east of the Phoenix Basin, included three 
burials, all inhumations (Hurlbut 2000:12-1). Although the site includes a Hohokam component, the burials 
were from the Early Agricultural period/Cienega phase component of the site. Two of the burials were pri-
mary inhumations, one of an adult female and one of a child of indeterminate sex. Both burials were in the 
floors of pit structures, although it is not known whether the child inhumation was intrusive to the structure 
or the structure was constructed over the burial. The third burial was a secondary inhumation of an adult of 
indeterminate sex. “The long bones were laid in rows oriented roughly east–west on the bottom of the burial 
[pit], covered by ribs and the skull” (Hurlbut 2000:12-2).

None of the burials showed evidence of thermal alteration. Among the three burials, only the child in-
humation included a mortuary artifact. A small, rectangular shell pendant was encountered under the skull 
of the child. 

Cienega and Red Mountain Phases 

Coffee Camp 

The Coffee Camp site (AZ AA:6:19 [ASM]) is a Cienega to Red Mountain phase site located in the Santa 
Cruz Flats of southeastern Arizona (Dongoske 1993; Halbirt and Henderson 1993). In total, five burials were 
encountered: three primary inhumations and two secondary cremations. The inhumations included (1) a 
semiflexed adult of indeterminate sex; (2) a flexed adolescent/young adult, possibly female; and (3) a seated 
middle to mature adult, possibly male. No mortuary artifacts were associated with any of the inhumations.
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The two secondary cremations consisted of completely calcined bone fragments in two small pits. The 
pits showed no evidence of thermal alteration, indicating that the cremation had taken place elsewhere, and 
the bone was transported to the pits. Both individuals were adults of indeterminate sex. One of the cremations 
included 885 unburned shell beads. The beads were arranged contiguously, suggestive of a strung necklace. 
As Dongoske (1993:178) noted, “the fact that the shell beads exhibited no signs of exposure to heat indicates 
that they were added to the already cremated remains, which were secondarily interred.”

Finch Camp 

Finch Camp (AZ U:11:7 [ASM]) was excavated as part of a series of sites associated with the ongoing devel-
opment of U.S. 60 between Florence Junction and Superior in the eastern Phoenix Basin. Finch Camp was 
one of four sites from which human remains were encountered, but it represented the most complete picture 
of the mortuary behavior associated with the project area (Lincoln-Babb et al. 2011). In total, 18 burials 
were recovered: 16 primary inhumations and 2 secondary inhumations. What was notable about the buri-
als at Finch Camp was the relationship of the inhumations to the structures. Indeed, 15 of the burials were 
intramural, in subfloor pits (Lincoln-Babb et al. 2011:555). The two secondary inhumations were included 
among these 15 intramural burials. The postabandonment processes affecting the structures included burn-
ing of the structures in some cases, which led to thermal alteration of some of the remains. One cremation 
was encountered at Finch Camp, but that feature dated to the pre-Classic period site component and was not 
associated with the rest of the mortuary behavior evident at Finch Camp. Indeed, the only thermal alteration 
to human remains was incidental, resulting from postabandonment structure burning. No other formalized 
cremations were encountered.

The demographic elements of the Finch Camp burials were varied. Of the 18 individuals, 7 were neo-
nates or infants, 1 was a child, and 10 were adults. The 10 adults included 6 males and 4 females. Burial 
positions, when observable, spanned from fully extended supine to tightly flexed on the side, to seated po-
sitions. The mortuary artifacts were also varied. Among the burial artifacts recovered from the inhumations 
were a Cienega projectile point, three stone pipes or fragments of pipes, flaked stone tools, ground stone 
tools and beads, worked-bone artifacts, shell beads, and a painted fragment of leather. 

Pueblo Patricio 

The Pueblo Patricio site (AZ T:12:70 [ASM]) is a Red Mountain phase site in downtown Phoenix (Vaughn 
2009). In total, three burials were recovered: one primary inhumation, one primary cremation, and one sec-
ondary cremation. The inhumation was in a pit that intruded into a pit-house floor, and the individual was 
slightly flexed on the left side. Poor preservation prevented investigators from determining the age, sex, or 
other biological attributes of the remains. The primary cremation was that of a subadult aged 9–15 years and 
of indeterminate sex. The remains were contained in a pit exhibiting oxidation and dark charcoal staining, 
leading investigators to conclude that the remains had been cremated in situ. The remains were described as 
“[96 percent] completely incinerated” (Vaughn 2009:169). The secondary cremation consisted of 3.5 g of 
fragmented, completely incinerated remains encountered in a pit with no evidence of in situ burning. The 
condition of the remains prevented the establishment of the age or sex of the individual.

Mortuary artifacts were largely absent from the burials. All three individuals were recovered with ce-
ramic sherds. Two burials included flaked stone debitage, and the primary cremation included two fragments 
of unworked shell. It is unlikely, however, that these artifacts were included as mortuary items. A handstone 
was recovered with the secondary cremation, but its relationship to the burial was unclear.
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Red Mountain Phase 

Red Mountain 

The Red Mountain site (ASU U:10:2) in the Phoenix Basin was described by Morris in 1969, and serves 
as the type site for the Red Mountain phase. Two primary inhumations were excavated at the site. The first 
was a semiflexed, supine individual encountered beneath a cairn. The age and sex of the individual was not 
described. It was noted that apart from the cairn itself, no mortuary items were found associated with this 
individual. No burial pit was identified. The second inhumation was a tightly flexed individual on the left 
side. No cairn or burial pit was identified, and no mortuary items were recovered in association with the 
remains. The bone was described as being in poor preservation, and no biological attributes such as age or 
sex were described for this individual.

Results 

Ten sites from southern Arizona dating to the San Pedro to Red Mountain phases were compared to the burial 
features at the Luke Solar project sites (Figure 97). On cursory examination, the bioarchaeology of Site 68 
and Falcon Landing was not substantially different from that of the 10 comparative sites. The comparative 
sites produced a total of 111 burial features that included primary inhumations, secondary inhumations, 
primary cremations, and secondary cremations (Table 84). Although none of the sites perfectly matched 
the burial program seen at the Luke Solar project sites, some elements of the 2 burials from the Luke Solar 
project sites appeared consistent with elements observed at other sites in Arizona between the late Chirica-
hua and Red Mountain phases.

Closer examination, however, revealed stark differences between the Luke Solar project bioarchaeol-
ogy and that of the comparative sites as a whole. In regard to inhumations, none of the comparative sites 
included secondary inhumations in the absence of primary inhumations. The secondary inhumation at Las 
Capas as well as the two secondary inhumations at Finch Camp were acknowledged to possibly have been 
disturbed primary inhumations (Lincoln-Babb et al. 2011; McClelland et al. 2007). The secondary inhuma-
tion at Los Ojitos consisted of the stacked remains of at least four individuals (Huckell 1995), and the sec-
ondary inhumation at Kearny consisted of a very compact, likely bundled, set of remains in the floor of a 
structure (Hurlbut 2000). None of these were consistent with the secondary inhumation at Falcon Landing, 
the fragmentary elements of a single cranium.

The secondary cremation at Site 68 was distinguishable from those at the comparative sites in one impor-
tant way: Feature 106 was not contained in a pit. Indeed, the 47 secondary cremations from Cienega Creek, 
the 2 from Coffee Camp, and the 1 from Pueblo Patricio all included discrete pits, each of which was no 
larger than 70 cm in diameter (Dongoske 1993; Haury 1957; Vaughn 2009). Feature 106 at Site 68 consisted 
of fragmented, incompletely cremated remains spread over an area of 6.53 by 3.35 m, with no identifiable 
pit. This was larger than the 3-m-diameter pit Haury (1957:11) described as containing 40 of the 47 discrete 
pockets of secondary cremations at the Cienega Creek site.

The differences between the burial features at the Luke Solar project sites and those of similar types at 
the comparative sites were striking, and they call into question the reliability of inferring mortuary behavior 
from the burials at Site 68 and Falcon Landing. To be sure, the difficulty of deciphering the mortuary behav-
ior was aggravated by the relative lack of human remains. Nevertheless, the contexts of the two Luke Solar 
project features were illuminating. With the exception of the Cienega Creek site, the preferred method of 
burial treatment in southern Arizona during the Late Archaic period through the Red Mountain phase was 
primary inhumation. Secondary inhumations, when not closely mimicking primary inhumations, exhibited 
clear intent by way of stacking (Los Ojitos) or bundling (Kearny). These characteristics were not consistent 
with Feature 3139 at Falcon Landing.
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The secondary cremations at the Cienega Creek site were conspicuously numerous, indeed. Neverthe-
less, the 47 secondary cremations Haury (1957) described were more similar in context to the secondary 
cremations at Coffee Camp and Pueblo Patricio than to the secondary cremation Luke Solar project Site 68. 
Feature 106 at Site 68 did include six projectile point fragments, and the Cienega Creek secondary crema-
tions produced 35 projectile points. This similarity was potentially mitigated, however, by the presence of 
several dozen pieces of flaked stone debitage and several hundred fragments of nonhuman faunal bone in 
Feature 106. The large area over which the cremated bone was found, the absence of any identifiable pit, 
and the presence of many likely unrelated artifacts severely undermined the discoverable mortuary behavior 
represented by Feature 106.

Chapters 10 and 11 of this volume examine the structure and land-use patterns for the Luke Solar project 
sites. The bioarchaeological investigations of Site 68 and Falcon Landing will contribute to those discus-
sions insofar as they suggest the absence of regularly constituted burial programs and mortuary behavior. 
In other words, the composition and structure of the Luke Solar project sites did not anticipate or include 
substantial emphasis on postlife needs and values. The time depth and spatial breadth of the APE doubt-
lessly intersected with the mortality of the individuals and groups creating the sites. As will be examined in 
Chapters 10 and 11 of this volume, the role the Luke Solar project sites played in the regional seasonality 
and mobility of aboriginal groups did not extend in broad and meaningful ways to their mortuary practices.

Table 84. Summary of Burial Programs from the Luke Solar Project and Comparative Sites

Site
Primary 

Inhumations
Secondary 

Inhumations
Primary 

Cremations
Secondary 
Cremations

Total No. of 
Burials

Luke Solar project sites — 1 — 1 2

Subtotal — 1 — 1 2

Comparative sites

Las Capas 14 1 1 — 16

Cienega Creek — — — 47 47

Donaldson 7 — — — 7

Los Ojitos 6 1 — — 7

Los Pozos 3 — — — 3

Kearny 2 1 — — 3

Coffee Camp 3 — — 2 5

Finch Camp 16 2 — — 18

Pueblo Patricio 1 — 1 1 3

Red Mountain 2 — — — 2

Subtotal 54 5 2 50 111

Total 54 6 2 51 113





 373

C H A P T E R   9

Subsistence on the Lower Bajada: Ethnographic 
Examples and Archaeological Signatures 

Rein Vanderpot

This chapter consists of three main parts: (1) a discussion—based on a review of the ethnographic and eth-
nobotanical literature—of the methods used to process the various foods suspected to have been available to 
the people who used the project area; (2) an overview of the different archaeological signatures expected to 
have been left behind as a result of those activities, including a preliminary assessment of how or whether 
these expected signatures match the project evidence (pursued further in Chapters 10 and 11); and (3) in 
the conclusions, a recap of the findings and how they reflect on site function, seasonality, and mobility (all 
pursued further in Chapters 10 and 11). To set the stage for these discussions, we first look at the greater 
project environment as it pertains to economic plants and animals and also excerpt the results of the project’s 
paleobotanical and faunal analyses. Results of the lithic analysis, with a particular focus on ground stone, 
are then integrated into an overview of the expected archaeological signatures of plant-processing features. 
An important goal of this chapter is to look at how various food-processing activities (primarily plants) may 
have resulted in the numerous extramural features excavated during the project. For each step in the process-
ing of different plant species, expected associated features are identified and described. Different process-
ing methods are also linked to the possible functions of the recovered artifacts (ground stone, in particular). 

This chapter is primarily about archaeological signatures, and no chronological considerations are pro-
vided. From previous chapters, it is already clear that subsistence strategies in the project area persisted 
virtually unchanged for five millennia, primarily during the Archaic period. As to the expected signatures, 
the reader should note that these pertain only to preserved features and materials; perishable items, such 
as wooden grinding implements and basketry—although discussed in the ethnographic overview because 
they are critical components of the subsistence activities—do not qualify. To provide an idea of some of 
the materials missing from the archaeological record, Appendix 9.1 presents a detailed study of the kinds 
of basketry that may have been used as part of the subsistence activities in the project area. The ultimate 
goals of this chapter are to provide baseline information for the interpretation of the project’s excavated pit 
features, presented in Chapter 10, and to answer questions on site function, subsistence patterns, and social 
organization, among others, in Chapter 11. In doing so, this chapter sets the stage for addressing the series 
of research questions concerning land-use practices outlined in Chapter 2, Volume 1. 

Environment and Subsistence 

The Luke Solar project area environment has already been discussed in Chapter 2, Volume 1, and also in 
Chapter 2 of this volume. Here, the project setting is briefly reviewed insofar as it concerns the economic 
plant and faunal resources. LAFB is located on the lower bajada, at an elevation ranging from 326 to 330 m 
(1,070–1,083 feet) AMSL, between the White Tank Mountains (whose 1,244-m [4,083-foot] AMSL summit, 
Barry Goldwater Peak, is less than 15 km [9.3 miles] to the west) and the Agua Fria River (about 5 km [3.1 
miles] to the east). The lower bajada is part of a varied series of five environmental zones identified between 
the river and the mountains (Keil 1973). LAFB falls within the Saltbush series of the Lower Colorado River 
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Valley subdivision of the Sonoran Desert, with saltbush (Atriplex spp.) thriving particularly well in this sa-
line environment. Only slightly higher (at about 350–1,000 m [1,148–3,281 feet] AMSL) and only several 
kilometers away, the Paloverde-Cacti-Mixed Scrub series of the Arizona Upland biotic community is found, 
with much greater densities and varieties of edible plants, particularly cacti, weedy annuals, and legumes. 

The lower bajada is the most xeric of all five zones, with moisture only fleetingly retained in the wash 
channels. But in certain places on the lower bajada, water may be more permanently contained. Uplifting 
of extensive salt deposits along the western side of the Agua Fria River caused elevated water tables and 
funneled surface runoff into the project area during discrete periods of the Holocene (see Chapter 2, this 
volume). This possible surface or near-surface water would have been particularly conducive to mesquite 
(Prosopis spp.) growth, especially because these trees, like saltbush, do well in saline soils. The main at-
traction of the project area for Archaic period people likely was the mesquite bosque that developed through 
these special hydrological conditions. A bosquelike setting exists today and would have been much more 
pronounced in the past. It is unknown how many other of these mesquite bosques exist elsewhere in the vi-
cinity; possibly, this is a unique situation. The lush bosque would have provided people not only with edible 
mesquite pods and seeds but also with the meat of rabbits, rodents, and birds that found food and shelter 
amongst the trees. The ancient environment of the lower bajada is not completely understood; in particular, 
the mix of mesquite, native grasses, and weedy annuals may have been different. In the U.S. Southwest, 
past heavy grazing and protection from fire, coupled with drought and flooding, have resulted in widespread 
soil erosion, diminished grasses and annuals cover, and shrub invasions, in particular of mesquite (Bahre 
1991; Betancourt 1990; Hastings and Turner 1965). Prehistorically, mesquite was likely less abundant in the 
general bajada zone, found primarily concentrated in well-watered areas along the river and in places with 
elevated water tables such as at the project area.

In the present day, the lower reach of the Agua Fria River is an intermittent stream, largely dry year-round 
as a result of modern development, retaining water during the summer monsoon rains and occasionally also 
for short periods during the winter. But prehistorically, it was an important source of water for irrigation; 
Hohokam farmers ran several canals off the lower stretch during the Classic period. Its channel banks host 
riparian trees typical of the Lower Colorado River Valley subdivision of the Sonoran Desert. These include 
cottonwood (Populus fremontii) along the channels and, before development, varying densities of mesquite 
and palo verde (Parkinsonia [Cercidium] spp.) on the floodplain. As discussed in Chapter 2, Volume 1, ter-
races above the modern Agua Fria River channel range in age from about 10,000 to 1,000,000 years old and 
are primarily gravel deposits. These boulder-strewn terraces provided excellent materials for flaked stone 
and ground stone manufacture (see Chapter 3, this volume) but—along the stretch of the river adjacent to the 
project area—provided little that would have facilitated any kind of agriculture. The absence of a significant 
floodplain would also have limited the growth of economic plant species along the river.

The White Tank Mountains are a small, isolated mountain range oriented northwest–southeast and rise 
above a broad alluvial plain drained by the Hassayampa, Agua Fria, and Gila Rivers (see Figure 4, Volume 1). 
Erosional processes have deposited coarse alluvium along the mountain bases, creating deep but poorly de-
veloped soils on the upper bajada and finer-grained alluvium on the lower bajada, where soils are better 
developed but are underlain by a calcareous hardpan layer (see Chapter 2, this volume). Both bajadas are 
crossed by numerous washes flowing east toward the Agua Fria River. Several major, east-oriented canyons 
dissect the eastern part of the mountains, and in some of these canyons, flash floods have dug plunge pools 
and scour holes into the white granitic bedrock. These rock tanks (the “White Tanks” for which the range 
was named) hold water much of the year (Keil 1973:85). 

As part of a plant inventory of the 11.3-ha (28,554-acre) White Tank Mountains Regional Park (WT-
MRP), which extends to about 10 km (6.2 miles) west of the project area, Keil (1973:37–38) delineated five 
environmental zones covering the mountains and the eastern bajada: (I) Upland Sonoran Desertscrub (upper 
bajada), (II) Alluvial Plain Desertscrub (lower bajada), (III) Desert Grassland, (IV) Sheltered Sites Vegeta-
tion, and (V) Wash Channel Vegetation. For indigenous people, these zones formed a diverse subsistence 
catchment in a relatively small and circumscribed area.

Zone I, which also includes the mountain zone, is mostly upper bajada, with abundant saguaro (Carn-
egiea gigantea) and other cacti, blue palo verde (Parkinsonia florida [Cercidium floridum]) and littleleaf 
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palo verde (P. mycrophylla [C. microphyllum]), acacia (Acacia spp.), ironwood (Olneya tesota), wolfberry 
(Lycium spp.), desert hackberry (Celtis pallida), and other food plants. Although the mountains are a rela-
tively small range, and certainly no sky island, the higher elevations with a northern exposure host edible 
mountainous plants, such as desert agave (Agave deserti) and shrub live oak (Quercus turbinella Greene). 

Zone II (350–1,000 m [1,148–3,281 feet] AMSL), encompasses the lower bajada (the area under 610 m 
[2,000 feet]); the Saltbush series is found at the lower elevations (including the project area) and the Paloverde-
Cacti-Mixed Scrub series at higher elevations. This zone is cut through by Zone V (the wash channels). Lo-
cally common on the lower bajada are grasses. A total of 45 different grass species has been identified in 
the WTMRP, and edible species include panicgrass, or Arizona signalgrass (Urochloa arizonica [formerly 
Panicum arizonicum]), Mexican panicgrass (Panicum hirticaule), alkali sacaton (Sporobolus airoides), and 
spike dropseed (S. contractus). Other edible plants include members of Amaranthaceae and Chenopodia-
ceae, such as slimleaf goosefoot (Chenopodium leptophyllum), nettleleaf goosefoot (C. murale), wheelscale 
saltbush (Atriplex elegans), carelessweed (Amaranthus palmeri), and fringed pigweed (A. fimbriatus); wild 
buckwheat (specifically Native American pipeweed, or desert trumpet [Eriogonum inflatum]); members of 
the purslane family (Calandrinia ciliata and Portulaca oleracea); Indianwheat (Plantago spp.); and vari-
ous other annuals and perennials. 

Zone III, grassland, is found on upland slopes, particularly those with a northern exposure. The many grasses 
and shrubs make this area highly attractive to deer and other game. Zone IV, sheltered locations, is found on 
the mountain slopes at the bases of cliffs, rock outcrops, and large boulders. Common in this zone are food 
plants such as desert hackberry, wolfberry, various acacias, and shrub live oak. Zone V, the wash channels, has 
the most variable vegetation of all the zones, ranging from semiaquatic along the mountains to xeric at lower 
elevations, such as near the project area. People residing at the project area sites could easily have followed 
these vegetation ribbons upslope to gather the various legumes and other edible plants growing in them. 

Paleobotanical and Faunal Evidence 

The macrobotanical analysis yielded no evidence of exotic (e.g., maize [Zea mays], beans [Phaseolus], and 
squash [Cucurbitaceae]) or indigenous domesticates (e.g., agave and little barley [Hordeum pusillum]); a 
single maize pollen grain was the only evidence of agriculture. This is not surprising, given the adverse 
conditions for agriculture in the area. The flow of the nearby Agua Fria River is volatile and the adjacent 
part of the river lacks a true floodplain. Even if water was available in or near the project area, the salinity 
of the local soils would have prevented farming. The project’s flotation samples included charred reproduc-
tive parts of seven native plants commonly used for food. In order of ubiquity, these were mesquite, horse 
purslane (Trianthema portulacastrum L.), cheno-ams (goosefoot or pigweed), saltbush, woolly Indianwheat, 
panicgrass, and purslane (Portulacaceae) (see Chapter 7, this volume). Of these, purslane was found in a 
noncultural context and may not indicate food use. Macrobotanical nonfood plant parts consisted of wood of 
mesquite, saltbush, creosote bush (Larrea tridentata), saguaro, and ocotillo (Fouquieria splendens Engelm.) 
All of these were likely used for fuel; the first three were available in the project area, and the others were 
farther away, on the upper bajada, although they could have washed down in one of the nearby drainages.

Pollen analysis identified a core suit of 11 taxa interpreted as potential important economic resources, 
although not all of them were necessarily used at the project sites. Of the 11 taxa, at least 8 were likely used 
in the project area; in order of ubiquity, these were cheno-ams (likely saltbush), grass family, woolly Indi-
anwheat, palo verde, cholla (Opuntia spp.) and other cacti, wolfberry, mesquite, and hackberry. Ubiquity 
should not be relied on to attribute importance. Mesquite and palo verde, for instance, are insect pollinated 
and were probably underrepresented. 

Faunal-bone specimens at the project sites were relatively rare, and most were from leporids, including 
black-tailed jackrabbit (Lepus californicus), antelope jackrabbits (L. alleni), and cottontails (Sylvilagus), 
followed in number by rodents and only a few artiodactyl (or artiodactyl-sized) specimens. It appears that 
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people did some occasional hunting for jackrabbits and cottontails and opportunistically caught a few ro-
dents and other animals, but hunting never played an important role at the sites in the project area. There was 
no evidence that hunters came to the sites from the mountains with game such as deer (Odocoileus spp.), 
pronghorn (Antilocapra americana), or bighorn sheep (Ovis canadensis). On the other hand, there was good 
evidence that men residing in the project area manufactured and refurbished bifacial tools (for animal pro-
curement and processing); however, the actual tools were not found at the sites, indicating that they were 
carried away for use elsewhere. Overall, hunting was not an important economic focus for people living in 
the project area, and it was certainly not the reason they were there. Therefore, the following discussions on 
food processing and expected archaeological signatures primarily deal with plant foods.

Food-Processing Technologies: Ethnographic Examples 

Historically, indigenous residents of the Sonoran Desert used a wide range of plants for food, medicine, crafts, 
construction, and ritual purposes. Different groups used plant resources in distinctive ways but in ways that 
were often quite similar. Two groups of plants were particularly vital and were used widely by most groups: 
desert succulents and seed-producing plants, and of these, saguaro and mesquite, in particular, were by far 
the most dependable staples. Small seeds of grasses and various weedy annuals were also important. Based 
on results of the environmental and paleobotanical studies summarized above, the availability of mesquite 
likely was the primary reason people kept coming back to this location for 5,000 or more years. Other plants 
likely collected from the project area and the vicinity were grasses, cheno-ams (such as saltbush), various 
annuals, berries (hackberry and wolfberry), and cholla. Most native-plant processing included the use of 
ground stone, basketry (and later on, pottery), fire, and rocks. Critical to our present study are the numerous 
thermal features and ground stone artifacts identified in the project area. Although we may never completely 
understand how individual features functioned, it is only by comparing them to data from ethnographic 
and ethnobotanical narratives and, of course, the results from the paleobotanical studies, that we can obtain 
some idea of what went on at the sites and what processes resulted in the particular makeup of the features.

In the following sections, the plant species most likely processed at the sites—mesquite and other le-
gumes, small seeds, berries, cacti and other succulents, and leafy vegetables—are discussed, followed by 
a brief review of animal use. Casting a wide ethnographic net (i.e., the greater U.S. Southwest, Texas, and 
northwestern Mexico), different processing methods will be correlated to specific archaeological signatures 
(features and artifacts). Of course, the time leap backward from the ethnographic period to the Middle Ar-
chaic period (3500–1200 b.c.) is huge, which might argue against using such recent data. Yet there are only 
a limited number of ways to process these plants, and given the great similarity in processing methods and 
tools or technology between different people in different regions, we can surmise that, in general, the pro-
cessing options were the same through time. Most relevant for our comparisons are ethnographic groups who 
lived (or still live) in an environment near or similar to the project area, such as the Akimel O’odham and 
the Maricopa (although the latter originally lived in the lower Colorado River region). Other relevant groups 
include the Tohono O’odham; Western and Northwestern Yavapai; Western and Chiricahua Apache; Paiute; 
Shoshone; the Mohave, Quechan, and Cocopah of the lower Colorado River region; and groups in California, 
such as the Cahuilla. Given the primarily Middle and Late Archaic period occupation of the project sites, 
hunter-gatherers (such as the Seri) or people doing only limited farming (such as the Hia C’ed O’odham or 
some Apache) make for the best regional comparisons, as opposed to completely sedentary or “two-village” 
agriculturalists, who may have stayed closer to their villages and fields or put less emphasis on native plants. 
More-committed agriculturalists, for example, replaced mesquite with maize and wheat, or only used the 
more easily processed parts of the mesquite, abandoning the practice of processing the seeds (Felger 1977).

There is a considerable body of ethnographic and ethnobotanical literature describing plant use by 
hunter-gatherers and groups that practice limited agriculture, and some of the most-used sources for the 
present study included Hodgson (2001) for the Sonoran Desert; Felger (2007) for the Dry Borders area (i.e., 
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the lower Sonoran Desert along the United States–Mexico border); Bell and Castetter (1937) for mesquite; 
Castetter and Bell (1937) for saguaro; Castetter et al. (1938) for agave; Castetter and Bell (1942) for gen-
eral O’odham; Castetter and Underhill (1935) and Austin (2000) for the Tohono O’odham; Rea (1997) and 
Russell (1908) for the Akimel O’odham; Nabhan et al. (1989) for the Hia C’ed O’odham; Gifford (1936) 
for the Yavapai; Gifford (1933), Kelly (1977), and Alvarez de Williams (1983) for the Cocopah; Castetter 
and Bell (1951) and Stewart (1983) for the Mohave; Forde (1931) and Spier (1933) for the Maricopa; Bean 
and Saubel (1972) for the Cahuilla; and Felger and Moser (1985) for the Seri.

Mesquite 

Mesquite was the most widespread and important wild-food source for the indigenous people of the U.S. 
Southwest. Mesquite pods combined several factors to make them an important staple: excellent nutritional 
qualities, high yield in a relatively short amount of time, and dependability, because its deep root systems 
tap groundwater. Mesquite was predictably available at the height of the pre-monsoon summer dry season, 
roughly at the same time as (though usually before) saguaro fruits, making it a time of plenty. Only saguaro 
came close in being such a dependable wild-plant food. All three mesquite species of the Sonoran Desert 
(velvet mesquite [Prosopis velutina], honey mesquite [P. glandulosa], and screwbean mesquite [P. pubes-
cens], or tornillo) were used extensively for food, and in regions where mesquite was abundant, the seed-
pods were a staple. An added advantage of mesquite was that the flour could be made into rock-hard cakes 
that preserved a long time and were highly transportable. So important is the tree that native groups have 
named months or times of the year after its various stages of ripening. For instance, the Akimel O’odham 
based 2 months of their calendar on the tree, the “mesquite leafing out moon” (around April) and “mes-
quite flowers moon” (around May) (Rea 1977). There also is extensive nomenclature for the various stages 
of pod ripening. The Seri Indians recognize eight usable products in fruit development, ranging from pods 
less than 2.5 cm (1 inch) long to mature pods that had fallen to the ground (Felger 1977; Felger and Moser 
1985). The Cahuilla had three: blossoms, green pods, and mature dried pods (Bean and Saubel 1972:108). 

Different Mesquite Uses 

Historical and ethnographic records have indicated that almost every part of the mesquite tree has a use. 
The Akimel O’odham referred to velvet mesquite as the “tree of life” (Rea 1997:184). Mesquite flowers, 
pods, seeds, leaves, wood, bark, gum, roots, and sap all have been used by humans for thousands of years. 
Most importantly, mesquite was a vital source of food, which is the focus of the following discussion. But 
before discussing mesquite as food, it is useful to review its other uses. Mesquite was also important for 
fuel, medicine, ritual, and cordage. For instance, its hard wood was used for making tools and musical in-
struments. Several groups used mesquite wood for the construction of implements, dishes, and structures. 
War clubs and atlatls, digging sticks, and mortars and pestles were made from mesquite (Cosgrove 1947; 
Russell 1908). Vertical structures of pit houses, pueblos, and shade ramadas were built of mesquite, includ-
ing posts, beams, and lintels (Felger and Moser 1985). Mesquite is a very fibrous wood, and the pliable 
softwood roots retain sufficient elasticity to be pounded into cordage. Cocopah women made basketry from 
mesquite roots, pounding the fibers and then twisting them into cordage (Gifford 1933; Kelly 1977). Cord-
age from mesquite root was durable and well suited for making storage baskets, burden baskets, and carry-
ing nets. The Seri used mesquite cordage not only for carrying nets but also as ropes attached to harpoons 
for spearing large marine animals, especially turtles and large fish (Felger and Moser 1985:335–337). Reeds 
were lashed together with mesquite rope to build boats (Felger and Moser 1985). Mesquite gum, herbage, 
roots, and bark were also used in medicinal applications. Leaves were often used in topical applications. 
Mescalero Apache ground or mashed leaves and mixed them with water and then applied the mix to an af-
flicted area, especially the eyes. Both mesquite gum and powdered mesquite bark have antiseptic qualities 
(Gifford 1933). Mesquite gum, an exudate that collects in cracks in the bark, was dissolved in water and ap-
plied to the eyes (Hrdlička 1908). The Cocopah boiled the inner bark, and the water was given to newborns 
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(Gifford (1933). The Akimel O’odham treated diarrhea with an infusion of mesquite roots or gum and also 
used the astringent qualities of mesquite bark (Curtin 1949).

Mesquite as Food 

Not all species of mesquite provide edible pods, but all three species found in the Sonoran Desert do. The 
two most widespread species in the Sonoran Desert are honey mesquite and velvet mesquite; screwbean 
mesquite, which grows in better-watered areas, is less common. Honey mesquite and velvet mesquite are 
very similar to each other in terms of growth habit. Their geographic distribution is different, however. 
Honey mesquite is most common along the lower Colorado River and also extends south to the Gulf of 
California and Baja California and east to the south Texas plains, where it is the signature plant. Along the 
Seri coast (the Gulf of California littoral between Puerto Lobos and Guaymas, Mexico), honey mesquite is 
the only species found (Felger and Moser 1971). Velvet mesquite is mostly restricted to the Arizona Upland, 
and it is the species growing in the project area; it also is the sole species identified nearby in the WTMRP 
(Keil 1973). No doubt, the mesquite species used by the prehistoric occupants of the project area was vel-
vet mesquite. The following discussions of ethnographic use of the tree focus on both velvet mesquite and 
honey mesquite, whose uses for food and other purposes were very similar. The use of screwbean mesquite 
differs, however, and the discussions include this species only to supplement or clarify processing details 
not available for the other two species.

Mesquite was highly prized as a food source among indigenous people of the U.S. Southwest; its nutri-
tious pods and seeds are rich in sugar and protein (Bell and Castetter 1937:21–22; Palmer 1871). Russell 
(1908:74) stated that in former times “mesquite beans formed nearly if not quite the most important article 
of diet of the Pimas.” The great importance of mesquite pods as a food source is related to several factors: 
the ease of preparation, its abundance and dependability as a crop, its capacity for preservation and storage, 
and its rich food content. Mesquite pods are rich in carbohydrates and low in moisture content, both impor-
tant qualities for efficient harvesting, processing, and storage. Data compiled by Foster (1916:4–5) and Gar-
cia (1917:71–82) indicate that mesquite pods/seeds per 45 kg (100 pounds) contain 3.8 kg (8.34 pounds) of 
crude protein, 23.6 kg (52.02 pounds) of carbohydrates, and 1.1 kg (2.4 pounds) of fats. Hodgson (2001:188) 
reports that mesquite mesocarps contain about 32 percent sugars and 7 percent protein. The seeds are much 
higher in plant protein (29–39 percent), but they are not easy to process. Their hard outer coating (endocarp) 
is indigestible, so this must be broken first, which is an arduous process. Seeds still within their endocarp 
have been recovered from a few coprolites (e.g., Williams-Dean 1978), but swallowing the very hard seed 
would have been accidental. When processing the pods, care needs to be taken to separate the woody endo-
carps containing the seeds from the pods, which is best done by parching, crushing, and mashing.

Importantly, like saguaro, mesquite is a reliable crop, meaning that—with rare exceptions—each year 
one can always depend on a large crop, independent of droughts or freezes (Felger 1977:153–154). Fur-
thermore, mesquite can produce a second crop during early fall in years with adequate to superior summer 
rain. Mesquite is one of the most dependable desert resources because deep root systems tap groundwater 
and thereby buffer trees from droughts, although late frosts or high winds during the flowering season can 
destroy a season’s seed crop (Hodgson 2001). Crops are also highly lucrative, with vast amounts of pods 
collected in a relatively short amount of time. For example, two Seri women, working with a man who keeps 
them supplied with pods, were able to prepare about 40 kg (88 pounds) of mesquite-pod flour in a day (Fel-
ger 1977:158). As noted by Walton (1923:2), “during a favorable season each tree will average one-half to 
one bushel of beans, the quantities available in an area being ‘limited’ only by the facilities available for 
gathering the fruit.” Walton estimated that a single worker could gather about 79 kg (175 pounds) of dried 
pods in a day, weighing approximately 9.5 kg (21 pounds) to the bushel, or 81/2 bushels per day. He further 
estimated that 0.4 ha (1 acre) of land well covered with trees could produce 100 bushels per year. Such es-
timates must be treated with some caution, however, because not every tree (or even whole areas of trees) 
produces good-tasting pods. Some trees have bitter, unpalatable pods while others provide sweet, edible 
pods. Also, not every tree produces significant seed crops in all years, although normally a given area will 
have some production each year. 
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Depending on area and elevation, mesquite pods were gathered in the summer and early fall, and whole 
pods or processed products such as cakes were stored for consumption in the winter. In the Sonoran Desert, 
mesquite food products were available for harvest roughly from April through August. People used mesquite 
in three different forms (i.e., three phases in the maturation of its reproductive parts): blossoms, green pods, 
and dried pods. The blossoms were gathered in spring, the green pods in early summer, and the mature, natu-
rally dried pods in early autumn. As noted, the Seri recognize eight stages of growth of the pod, ranging from 
the youngest, incipient stage (less than 2.5 cm [1 inch] long) to the mature fallen pods (still edible but easily 
spoiled when wet). As described below, pods can be eaten raw, soaked, boiled, roasted, pulverized, ground, and 
eaten as cakes or used to make beverages (including alcoholic drinks) and gruels. The soft inner seed, although 
less easy to access, can be ground into a protein-rich flour and similarly made into cakes, drinks, or gruels. 

The mesquite pod is slightly curved, with those of some species measuring up to 15–25 cm (6–10 inches). 
Because mesquite pods have the shape and size of a green bean, they are often called mesquite “beans,” 
which has caused some misunderstanding of how the fruit is used. The term “bean,” for either the seed or the 
whole pod, is often loosely and uncritically applied. The pod ripens into a light tan or brown pod consisting 
of a thin exocarp and a thick, spongy mesocarp surrounding woody endocarps that encase the seed (King-
solver et al. 1977). Unlike most legumes, mesquite seedpods contain not just seeds in an otherwise hollow 
container but are also filled with soft mesocarp tissue of sweet carbohydrates that surrounds and insulates 
the seeds. Not the entire mesquite pod is edible—its exocarp or husk is made of indigestible fiber and so is 
the hard seed coat or endocarp. The most-accessible edible portion of the pod is the pulp or pith between 
the brittle outside and the hard seeds. Ordinary bean pods do not have this pith, but in mesquite, this portion 
has a very sweet, brown-sugary flavor and can be ground into meal for use in baking. The pith surrounds a 
number of stone-hard seeds, inside of which are found the protein-rich embryos or true seeds. The actual 
seed has a thin, shiny smooth seed coat enclosing an embryo with large, soft, dark green cotyledons. Coty-
ledons of mesquite seeds have high protein content, and research has shown that this biological quality im-
proves even further with thermal processing like toasting, microwaving, or using moist heat under pressure 
(Zolfaghari et al. 1985). Endosperm is the tissue produced in the seeds of most flowering plants around the 
time of fertilization. It surrounds the embryo and provides nutrition in the form of starch, although it can 
also contain oils and protein. Simply said, in terms of processing for food, a mesquite pod consists of four 
main parts: the husk (exocarp), pulp (mesocarp), the tough leathery wooden pith surrounding the seed (en-
docarp), and the seed itself. The pulp, which is rich in calories and carbohydrates, is the most easily acces-
sible edible part of the pod. The pod husk (outer shell) is not digestible, but if ground it adds dietary fiber to 
the flour. The seed coats similarly are not only indigestible, but also add no dietary fiber and are toxic. The 
inner seeds are edible and highly nutritious, but the fact that the mesquite seed is enclosed in a hard, stony 
outer seed coat (the endocarp) forms a challenge for those wanting to access and process this seed. For this 
reason, many people have focused on the pulp only. Pods were also consumed without any preparation by 
breaking them into small pieces and chewing them (Russell 1908), although the hard seeds would have had 
to been spit out, preventing consuming large quantities.

The first European to note details on the use of mesquite by Native Americans was Cabeza de Vaca, 
traveling through either southern Texas or northern Mexico in the 1520s. While living among the Cuchenda-
dos, he observed the use of mesquite pods for food (Bandelier and Bandelier 1905; Campbell and Campbell 
1981; Krieger 2002). A pit was filled with pods, which were pounded with a large wooden pestle with “the 
thickness of a man’s thigh” (Campbell and Campbell 1981:39). The pod meal was then consumed raw, along 
with handfuls of earth that had been mixed with the meal. The seeds were discarded along with their woody 
casings. But in general, and throughout the U.S. Southwest, harvested pods were first fire-parched or, less 
often, sun dried; both of these methods separated the beans and pods and greatly facilitated grinding. The 
pods were then crushed and mashed to a pulp, typically in a bedrock, stone, wooden, or even earthen mortar, 
with the use of a large pestle made of stone or wood, and then finally ground into flour with a metate and 
mano (Felger and Moser 1985; Hodgson 2001; Rea 1997). The pounding freed the hard seeds and shred-
ded the mesocarp into a fine meal or flour, which was separated by winnowing or screening. The meal was 
mixed with water to make various beverages and gruels or a doughy mass that was dried, baked, or boiled. 
Several ethnographic groups also pounded and cracked the stone-hard endocarps to free the seeds, which 
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were then similarly ground into flour with uses similar to the mesocarp meal. But most people abandoned 
this second stage of mesquite processing, likely because of the great effort needed to do this, combined with 
the fact that the productivity return was much less than for the pod mesocarp. 

In the following sections, the various stages of collecting and processing mesquite flowers, pods, and 
seeds are described, based on ethnographic examples among the O’odham, Cahuilla, Seri, and others. 

Blossoms and Green Pods 

Given their small biomass and the time-intensive nature of gathering them, mesquite blossoms would not 
have been a very important crop. The Akimel O’odham considered mesquite flowers a snack food, eat-
ing them mixed with a certain kind of mud (Rea 1997:184). The cylindrical, cream-colored flower spikes 
are composed of dozens of tiny flowers. Blossoms were also collected by the Cahuilla and either boiled 
in ceramic containers or roasted on heated stones in a pit, squeezed into balls, and then consumed (Curtis 
1926:24). Prepared blossoms were stored in pottery vessels and cooked as needed in boiling water. They 
were also used in making tea. Cahuilla women either prepared green pods at the time of picking or let them 
ripen more by drying them in the sun (Bean and Saubel 1974:109). Preparation consisted of pounding them 
into a juice using a wooden mortar and pestle. The resulting beverage was kept in an olla and drunk dur-
ing the hot summer months. A light fermentation process appears to have enhanced the taste of the bever-
age. There also are records of direct consumption of portions of freshly-harvested green pods by O’odham 
people prior to drying them (Nentvig 1980). The Maricopa prepared the green pods by pounding them in a 
wooden (mesquite or cottonwood) mortar, and without removing the hard seeds, mixing the meal in water 
to make a drink (Bell and Castetter 1937:29). The Timbisha Shoshone of the Mojave Desert pit-roasted im-
mature green pods on a layer of hot stones (Fowler 1995). The Seri first mashed the green pods in a bedrock 
or hard earthen mortar, using a mesquite or ironwood pestle, and then cooked the mashed pods in clay pots 
(Felger 1977). The Opata of northwestern Mexico gathered the young pods in April and boiled and dried 
them for later use in stews (Hodgson 2001:186). Overall, however, the use of green pods was far less com-
mon than that of the mature pods.

Collecting the Mature Pods 

For all groups, most of the harvest focused on the mature, dried pods, which were collected in great quantities 
and were an important staple food. The mature pods were harvested after the pods dried and were either still 
on the tree or had fallen to the ground, usually from late June through July, but as late as September in dryer 
regions or at higher elevations. After wet summers, a smaller, second harvest might have been possible in the 
fall. Mature pods were also collected in considerable quantities later in the year from pack-rat nests. The mes-
quite groves or bosques with the better-tasting pods were preferred. On average, in a given grove, 3 weeks or 
more lapsed between the time that green pods were ripe enough to be harvested and the time that dried, fully 
mature pods could be picked. In general, and this is true for most groups described in the ethnographic litera-
ture, none of the trees were owned but were instead shared by different families. Castetter and Bell (1937:23) 
noted that Tohono O’odham gathered the pods in August (after the saguaro harvest) near the summer villages. 
But for many other groups, harvesting mesquite pods often meant resettling close to the resource. People would 
remain at the gathering site for the duration of the harvest and would do all processing there also. Processing 
was generally done immediately after or during the harvest to avoid spoilage of the pods, in particular through 
the summer monsoon humidity. There was also the danger of severe thundershowers, which could destroy an 
entire crop. Processing would also cut down considerably on storage space. Because mesquite produces a large 
quantity of fruit in a short period of time, the crop needed to be harvested quickly and all available labor was 
recruited. Although most wild-plant collecting was women’s work, entire families, including men, assisted in 
the mesquite harvest (Felger 1977). For many hunter-gatherer societies, and for certain agricultural people as 
well, this was a time of coming together. For the Akimel O’odham, mesquite gathering was a major tribal event, 
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with large parties of women and men coming together (Russell 1908:74). Before processing, the collected pods 
were stored in large cylindrical baskets placed on house roofs or on platforms to protect them from rodents. 

Mesquite pods are large and easy to pick, either from the tree when ripe or from the ground after they 
fall. The Cocopah used a pole with a short cross-piece, lashed with mesquite bark, which was set at an acute 
angle and served as a hook to bend down the tree branches and pick the pods (Gifford 1933:267). Collected 
pods were put in burden baskets, carrying nets, or blankets and brought to the processing camp. Sometimes 
the men helped the women carry the pods to the camp. Mohave women carried the pods home in carrying 
nets on their backs, supported by tumplines across their foreheads (Hodgson 2001:178). Seri women gath-
ered the pods in shallow baskets carried on their heads; upright sticks around the edge of the baskets allowed 
them to carry a bigger load (Felger and Moser 1985:196, Figure 15.24; Moser 1963). The Walapai harvested 
the ripe pods in August, moving their camp close to the scene of gathering and collected four or five large 
baskets of pods for each family (Bell and Castetter 1937:25). 

Parching the Pods 

There were many different variations in the preparation of the pods and grinding them to flour. In general, 
the first step in processing was to parch the pods to facilitate grinding and separating out the seeds. Parch-
ing was also necessary because otherwise the sugar-rich flour would get sticky by absorbing moisture from 
the air. Parching also promoted the overall nutrition of the flour and had the added advantage of ridding the 
pods of the larvae of seed-eating beetles (Bruchinea). Indeed, when stored in the form of whole or pulverized 
pods, “they soon became a living mass, since an insect, a species of Brachus, was present in almost every 
seed” (Bell and Castetter 1937:23). O’odham women parched the pods “by tossing them up in a basket of 
live coals” (Bell and Castetter 1937:22). For the O’odham, “parching was done at the time of gathering as 
part of the storing technique to prevent mildew, although the inner seeds were not ground into a flour until 
just before they were used” (Castetter and Underhill 1935:45). Pfefferkorn (1949:72) described two ways in 
which O’odham handled mesquite pods. The first involved roasting the pods and then grinding them between 
two stones. The result was then mixed with water and drunk as atole. The second involved pulverizing the 
pods in a wooden mortar, adding water, and cooking the mixture as pinole. The Akimel O’odham parched the 
pods in a tray with hot coals or placed them in an olla with at least one broken side, which was then placed 
on a fire. The pods could then be stirred manually while they were heated. As reported by Curtis (1926:24), 
the Cahuilla “parched (the pods) by stirring them about in a flat dish containing embers,” although none 
of Bean and Saubel’s (1972:110) informants could conceive of the reason for this practice. As reported by 
Felger (1977), the Seri parch the pods by toasting them in hot earth. To do this, they first clear the ground, 
light a fire, and then remove the coals. The pods are then placed on the hot earth, and at the same time addi-
tional fires are burned on top of small piles of earth surrounding this area. The surrounding hot earth is then 
sprinkled on top of the pods. Named after this method, the moon or month of the year when the mesquite 
harvest takes place is known as the “to-sprinkle moon.” 

Pounding the Pods 

After parching, the pods were crushed into pulp by pounding them with pestles in mortars, the tools of choice 
for mesquite processing; for other species of legumes (such as palo verde and ironwood), metates and ma-
nos sufficed (Goodyear 1975:168–170). Mortars were needed because the crushed pods were too sticky for 
the use of a metate (Castetter and Underhill 1935). Experimental efforts confirm the fact that a combination 
of mortar and pestle is the only effective means of reducing mesquite pods to meal. Furthermore, to sepa-
rate the beans from the pod, a crushing motion is more effective than a grinding one. In the U.S. Southwest, 
bedrock mortars found along lower-elevation drainages typically indicate mesquite-processing camps; those 
at higher elevations were likely used to process acorns. For large quantities of pods, wooden mortars were 
used. Mortars were often made of mesquite trunks, and mesquite wood was considered superior to other 
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woods for this purpose. The typical mesquite-wood mortar was about 76 cm (30 inches) tall, had a hole 
about 38 cm (15 inches) deep, and the lower 38 cm (15 inches) of the mortar was buried in the ground. A 
pestle, ca. 1 m (3 feet) long, was used, sometimes made from a mesquite limb, and grinding was carried 
out in a standing position. Although any type of mortar or pestle combination probably was used to process 
mesquite, large wooden mortars with matching wooden pestles or stone pestles were the preferred tools at 
specialized mesquite-processing camps.

The Tohono O’odham used a stone pestle against a bedrock mortar or a stone pestle in a cottonwood mor-
tar (Felger 1977; Rea 1979). The Cocopah used wooden mortars (Gifford 1933:267) and so did the Maricopa 
(Castetter and Bell 1951:184; Spier 1933:128) and Quechan (Forde 1931:116). Mortars were embedded in 
the ground about 15 cm (6 inches) to prevent them from tipping over; they measured up to 41 cm (16 inches) 
in diameter and 51 cm (20 inches) in length (Spier 1933:128). The pestle used with these wooden mortars 
“was a more or less cylindrical water-worn boulder, ten to sixteen inches in length . . . if the lower end was 
too flat, it was pecked into a proper rounded form” (Spier 1933:128). Yavapai women usually pulverized 
the pods in a bedrock mortar with a stone pestle (Gifford 1932:211, 1936:257). Wooden mortars from cot-
tonwood or mesquite were also used, but the bedrock mortars were preferred, especially because these were 
usually available near the mesquite sources. No wooden pestles were used. The wooden mortars were deeper 
than the stone ones and were hollowed out using burning coals (Gifford 1936:280). 

Seri women mashed the pods in bedrock mortars or hard earthen pits, using cylindrical pestles, about 
1 m ( 3 feet) long, made of mesquite or ironwood (Felger 1977:158). A large pile of pods was placed in the 
mortar and more were spread around it. Several women might pound at the same time, working at adjacent 
mortars. After the pods were mashed, they were placed between deerskins to prevent spoiling in the often 
hot and humid summer wind. 

The Cocopah made extensive use of the mortar and pestle for crushing mesquite pods. Dimensions and 
materials are reported by Kelly (1977:51):

Mortars were made of short pieces of mesquite logs and were from 10 to 14 inches in di-
ameter. . . . The log or stump was shaped by alternate burning and chipping of the wood. A 
pestle to be used while sitting was made from a hard stone about 15 inches long and 3 or 
4 inches in diameter at the base. A pestle to be used while standing was made from a mes-
quite branch about 4 feet long and 6 inches in diameter at the base.

For crushing mesquite pods, the Cahuilla used a deep wooden mortar sunk deep into the ground (Kroe-
ber 1953:697). A pestle of great length (often ca. 60 cm [2 feet] and slender to prevent undue weight) was 
used, and this pestle was quite different from the more roughly shaped one used for stone mortars. The 
wooden mortar was not only deep but often also had a pointed bottom for use with a conical pestle. These 
wooden mortars were not connected with acorn processing, only with that of mesquite. Bean and Saubel 
(1972:109) similarly describe the Cahuilla use of wooden mortars made from either cottonwood or mes-
quite stumps. The stump was hollowed out with hot coals and the carbonized interior scraped clean using 
flaked stone tools. It was made from a section of tree, ca. 60 cm (2 feet) in length or more. The greater 
part of this log was sunk in the ground. The projecting portion looked like a stump cut from a tree in situ. 
The mortar hole was quite deep, in some cases as much as 30 cm (1 foot) or more. A correspondingly long 
pestle was needed. This pestle was about 60 cm (2 feet) in length, fairly well shaped, and quite slender. A 
similar wooden mesquite mortar was used by the Mohave, although block, cavity, and pestle were shorter 
than among the Cahuilla. In southeastern California, very large and deep cone-shaped mortars of wood were 
used, worked with long and sharp but thick pestles of extraordinary weight. The Mohave crushed mesquite 
beans with a stone pestle in a wooden mortar, the hard seeds remaining whole (Kroeber 1953:736–737). 
The Mono of California (Great Basin and High Sierra) pounded mesquite beans in wooden mortars (Kroe-
ber 1953:592). California Indians also used a coiled basket hopper (see Appendix 9.1) set on a stone, likely 
to save labor in stonework. 
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Winnowing the Pulp 

The mesquite pulp was basket-winnowed or sifted to separate out the endocarps (with the seeds still in-
side), which were discarded by most people because they were difficult to grind and represented only about 
10 percent of each pod (Felker 2005). The most detailed descriptions of winnowing mesquite meal, after 
crushing in a mortar, are for the Seri, who did (and still do) process the seeds. As reported by Felger and 
Moser (1985:339),

the women then placed the pestle across the mortar hole. Mashed pods or pulp were put in 
a basket and gently winnowed by tapping the basket against the pestle. Flour from the me-
socarp, or pulp, of the pod fell into the mortar hole: the “seeds” (seeds and endocarp) and 
pieces of fiber and shell or pod (exocarp) remained in the basket and were set aside on a 
skin. The flour, haas copxöt (mesquite loose) was winnowed again until pure. It was then 
placed in a pottery vessel to keep it dry and could be stored for a “long time” (probably 
weeks or months), retaining its smell and taste.

Preparing Cakes 

As is common with flour obtained from seeds and other plant parts, mesquite-pod and mesquite-seed flour 
was often made into cakes for better preservation and storage. Dried mesquite cakes have an indefinite shelf 
life, making them a perfect traveling food (Rea 1997:187). Akimel O’odham women would line a group of 
baskets with clean cloths on which they placed successive layers of flour, each layer sprinkled with a little 
water (Bell and Castetter 1937:22). When filled, a piece of cloth was tied over each basket and the moist-
ened meal was allowed to stand overnight. The mass caked together and could be kept for an indefinite pe-
riod without spoiling or becoming wormy. Maricopa women used a similar method for making cakes, with 
the ground meal sifted in an Akimel O’odham tray basket by shaking it over the edge onto a cloth (Spier 
1933:51). The sifted flour was poured into an elliptical hole, which had been dug in the ground, 46 cm 
(18 inches) long by 30 cm (12 inches) wide by 25 cm (10 inches) deep. Before adding the flour, the hole 
was sprinkled with water until its surface was firm. The flour was sifted in the hole, layer after layer, and 
each layer sprinkled with a little more water. When the hole was full, it was sprinkled one more time and 
then covered with dirt. The following morning, the hard cake of flour was uncovered and stored for use on 
humid days when stored pods could not be ground because they were damp. (Mesquite pods and flour ab-
sorb the slightest moisture in the atmosphere.) A woman would prepare 20 or more of these cakes, which 
kept the same shape and dimensions as the pit in which they were formed. For use, a bit of the cake would 
be broken off, soaked in water to make a drink or gruel, or boiled and mixed with the meal of other seeds. 

Mescalero and Chiricahua Apache women first winnowed the seeds out of the mix of mashed pods and 
then put the pulp in a container, kneading it by hand until it had a thick consistency (Castetter and Opler 
1936:41). The dough was then made into bread or pancakes, which were considered a great delicacy. In 
general, the Apache made cakes similar to those of the Akimel O’odham (Bell and Castetter 1937:25). The 
Walapai made the pulp into loaves, which were wrapped in rabbit skins to facilitate transportation (Kroeber 
1935:53). These cakes were broken, soaked in water, and the mixture drunk. 

Yavapai people hydrated the pulverized pods in a watertight basket, poured the resulting juice in an-
other basket, and drank it (Gifford 1932:211, 1936:257). Another method was to simply put the wet meal 
in one’s mouth and spit out the residue. The Timbisha Shoshone sifted the crushed pods to remove the fi-
ber and seeds, with the latter crushed further to remove the endocarps (Fowler 1995). The seeds were then 
ground into a meal, which was made into cakes. To make their cakes, they lined a winnowing tray with the 
fiber, and then formed the flour into a cake on the tray, sprinkling water between the layers to pack it more 
tightly. The cake could be more than 30 cm (1 foot) high. It was covered with an additional layer of fiber 
and made wet to form a crust. The cake was then sun-dried and cached in a grass-lined pit. Moapa Southern 
Paiutes made their cakes in either conical burden baskets or in a small hole dug to a desired shape and lined 
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with the pulp of mesquite pods (Fowler 1995). These cakes could be as much as 60 cm (2 feet) thick. They 
were dried thoroughly and stored in grass- or bark-lined underground pits. 

The Cahuilla made cakes that were not as thick, based on the description provided by Bean and Saubel 
(1972:110):

The ground mesquite meal was placed in a basket or vessel, dampened with water, and left 
for a day or so to harden. . . . The hardened meal was sometimes formed into round balls, 
but more frequently it was molded into cakes ranging in size from two to ten inches in di-
ameter and from one to three inches thick. The larger size was most common. Pieces were 
broken from these cakes (kakhat) and eaten dry, made into mush, or mixed with water to 
form a beverage. The dried-cake meal was particularly useful to hunters and travelers, since 
a small amount with the addition of water could provide a substantial meal.

The cakes could also be stored in this dried form, but often bruchid beetle eggs would hatch and the cakes 
would become infested with larvae (Bean and Saubel 1972). Many people did not mind these larvae be-
cause they added some zest to the meal. Of course, thorough parching of the pods prior to grinding would 
eliminate the larvae.

The Seri similarly made cakes from the flour, which was put in a large basket, mixed with water, and 
kneaded into dough from which rolls (about 20 cm [8 inches] long and 5 cm [2 inches] thick) or round cakes 
were made (Felger and Moser 1985:339). The rolls and cakes were dried immediately so they would not 
spoil and when dry they could be stored for a long time. 

Cakes generally hardened naturally and did not need to be fire-baked or sun-dried. There are some reports, 
however, of baking. For the Akimel O’odham, for instance, Grossman (1873) mentioned that sometimes after 
pounding the dry pods in a mortar (no mention was made of the seeds), they were boiled in water until soft. 
After the water was squeezed out, the pulpy substance was molded into cakes, which were baked in hot ashes. 
The resulting “bread” had a sweet taste and was very nourishing. Similarly, Russell (1908:68) stated that the 
Akimel O’odham baked mesquite flour (and also that of corn and later wheat) “as tortillas, as loaves in the 
ashes, frying in a suet, or mush, or with other foods in the shape of dumplings.” The Mohave made mesquite-
flour dough into huge jar-shaped cakes, covered these with wet sand, and baked them on hot mesquite coals 
(Kroeber 1925:736–737). After baking, the cake was so hard that it had to be cracked with a stone. In eating, 
the seeds were spat out or swallowed whole. As described by Stewart (1965:48) for the Mohave,

they pounded the mesquite beans to a powder, then added a little water to make a ball. A fire 
was built, and when it burned to ashes they scraped off the sand. They put the ball of mes-
quite powder there and left it out in the sun until it got hard. They’d put mesquite bean seed 
over it to cover it. When it gets hard, it binds in and holds it together. Then they would break 
off little chunks and eat it when they wanted to. They would also put it in water and drink it. 

Atole and Pinole 

There are numerous accounts of making a drink, gruel, mush, or even a pudding from the mesquite pods, 
seeds, flour, or the cakes. Most of these are variations of atole (a beverage made by mixing a toasted meal 
to water) and pinole (similar to atole, but thicker like a gruel or porridge). Beverages were made from the 
meal mixed with water, which could also be fermented to make a beer-like beverage (Rea 1997:187). The 
Mescalero and Chiricahua Apache made pinole out of the mesquite flour. They also boiled the whole pods 
(seeds included) in water until the mixture turned red, took out the pods, mashed them by hand, and returned 
them to the liquid, which was then boiled down into a kind of pudding (Castetter and Opler 1936:41). The 
San Carlos Apache had a different method of mesquite consumption. After pounding the pods in a bedrock 
mortar, they soaked the pulp in cold water, squeezed it out by hand through a straining basket, threw the 
remainder away, and drank the sweet liquid (Bell and Castetter 1937:24). Another of their methods was to 
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pick the seeds from the broken pods and discard them, pound the crushed pods thoroughly to a pulp, and then 
mix them with warm or cold water, eating the dish as a mush without boiling (Bell and Castetter 1937:24). 
The White Mountain Apache crushed the pods in a bedrock mortar, mixed the pulp with water, and cooked 
it or ate it raw (Reagan 1929:145). The Walapai mixed the pulp with water and a little salt and then drank or 
ate the mixture (Kroeber 1935:53). The Havasupai gathered the dry pods in September and pounded them 
on a grinding slab, winnowed the hard seeds from the mashed pod, discarded the seeds, and soaked the pod 
meal in water for several hours to make a beverage (Bell and Castetter 1937:25). The Seri commonly mixed 
the mesquite flour with water to make a pinole or atole, sometimes adding flour from palo verde seeds to 
the mix (Felger and Moser 1985:339). They also placed the dry pods (or alternatively, the endocarps with 
the seeds in them) in a vessel of water, weighted them down with a stone, and left it until the water became 
sweet and formed a refreshing juice or a fermented beverage (Felger 1977:160; Felger and Moser 1985:340). 

Processing the Seeds 

As described above, during the first pounding in the large mortar, the endocarp containing the seed was 
separated from the pods, which were processed separately. For the Seri and several other groups such as 
the Hia C’ed O’odham (Felger 2007:163), Shoshone (Fowler 1995), Walapai (Bell and Castetter 1937), and 
Warihio (Gentry 1963), a second round of pounding focused on breaking open the hard outer shell to free 
the soft seed. Most Historical period tribes, however, appear not to have used the mesquite seeds, although 
the pods (mesocarp) were widely used (Castetter and Bell 1937). The Cocopah, for instance, generally did 
not eat the hard seeds, although occasionally they would grind them into coarse meal (Alvarez de Williams 
1983). Although breaking the endocarps does not have the associated issue of stickiness that the pods do, 
mortars were also the chosen tools. A metate would not work because the hard endocarps would immediately 
escape, and a crushing motion would be more effective than a grinding one. Gyratory crushers found in the 
Pinacate region and other places probably were used to process mesquite seeds (Hayden 1969) (see below). 
Overall, mesquite seeds are hard and require extra effort to break. J. Adams (1997:27) has noted that “once 
the pods were broken apart with mortars and pestles, they could be reduced further with a mano and metate.”

As discussed above, the ethnographic literature is not always consistent in its use of “seed” versus “bean” 
(the two terms are often confused) and caution is needed when interpreting the various sources on the use 
of mesquite seeds. Some of the most reliable reports on the use of mesquite seeds are Bell and Castetter 
(1937), Bohrer (1970), and Felger and Moser (1971, 1985). However, Bell and Castetter (1937:22–30) noted 
few instances of mesquite-seed use, and when they did, not much information was provided on how the 
hard endocarp was cracked. Much of this knowledge seems to have been lost. Case in point are the Akimel 
O’odham, for whom Russell (1908:75) reported that, after separation, the seeds were parched by tossing 
them up in a basket of live coals, then reduced to flour by grinding, after which they were prepared and 
eaten as pinole. Yet Rea (1997:187) noted that the “use of parched mesquite seeds must have been aban-
doned long ago; not one of the (Akimel) consultants with whom I worked knew about (or remembered?) a 
mesquite-seed pinole.” As commented by Julian D. Hayden, who worked with the Akimel O’odham in the 
1930s: “The Pima avoided cracking the mesquite seeds by always pounding the pods in a wooden mortar 
with a stone pestle or a stone mortar with a wooden pestle because stone on stone would produce sharp-
edged seed fragments” (Rea 1997:187). For the Tohono O’odham, Castetter and Underhill (1935:24) noted 
that the “pods were flailed to beat out the seeds, the whole then winnowed in a basket and the seeds parched 
and stored” but they did not tell how the seeds were actually processed. We can only guess whether or not, 
prior to storage, the seeds were parched, endocarp and all, or the endocarp was removed first. The same is 
true for the information on seed processing in Bell and Castetter’s (1937) survey of mesquite use. The only 
information is for the Walapai, and it is minimal at best: “Occasionally, the seeds were crushed and eaten 
as mush, or the flour made into loaves and wrapped into rabbit skins to facilitate transportation” (Bell and 
Castetter (1937:25). The Warihio of northern Mexico (the upper reaches of the Mayo and Chínipas Rivers 
in Sonora and Chihuahua) similarly prepared both pods and seeds (Gentry 1963:93). The meat of the pods 
was cooked by boiling in water; the seeds were roasted and ground.
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The best—although still rather sparse—information about mesquite-seed processing comes from the Seri 
(Felger 1977; Felger and Moser 1971, 1985). The Seri usually accomplished this second stage of pounding 
in a stone mortar, which has better abrasion than one made of wood. For the same reason, stone pestles were 
preferred. Although no good ethnographic information exists, one would surmise that a vesicular material 
would work best. A vesicular rock would be constantly rough: new pores would be opened as old ones wore 
away. The pounding breaks open the hard endocarp, frees the inner seed, and winnowing then separates the 
two. Following this separation, the soft seeds are turned into flour using a metate and mano. Whereas the 
O’odham and Warihio parched the seeds before pounding, the Seri appeared to have prepared them raw. 

Storage 

Whole pods and cakes were stored, but the flour was not because it is hygroscopic and soon becomes hard. 
Dried mesquite pods could be stored for long periods of time, up to a year or possibly longer, provided they 
were kept airtight and watertight and were parched first to keep beetles from damaging them. Pods gathered 
in early summer could easily be stored until the following spring, which was often a food-stressed time of 
year (Hunt 1960). For mesquite pods and their products, there were two basic kinds of storage: (1) short-
term storage of freshly picked pods prior to processing and (2) long-term storage of pods and cakes to last 
through the winter. One can surmise that there also were differences between storage by mobile hunter-
gatherers and sedentary, agriculture-based people. The first would either not store at all, instead taking their 
product along on the next leg of their seasonal round, or they would cache the food in deep, watertight and 
airtight pits, or in the case of the Seri, in large ollas. Unfortunately, little information exists on storage by 
semi-hunter-gatherers such as the Hia C’ed O’odham or the Apache. Sedentary groups stored mesquite 
products in pits or wicker-type storage bins on house roofs or other elevated places, such as specially con-
structed platforms of stone or wood.

The Akimel O’odham stored great quantities of pods in granaries made from arrowweed (Pluchea seri-
cea) sticks, sealed with a layer of arrowweed and mud (Rea 1997:186). Tohono O’odham stored the collected 
pods in cylindrical granary baskets, which were placed on their roofs or on platforms (Bell and Castetter 
1937:22). The Southern Paiute in Death Valley stored mesquite pods in pits dug into alluvial gravel, uphill 
from mesquite dunes where damage from rodents living in the mesquite bosques could be minimized (Bean 
and Saubel 1972:111). The pits averaged 0.6–0.9 m (24–35 inches) below the ground surface, were 1.5 m 
(59 inches) across at the mouth, and narrowed to 0.6 m (24 inches) in diameter at the base. Sometimes they 
would line the pits with grasses (Sporobolus airoides) or species of saltbush (Atriplex hymenelytra). Early 
settlers in Nevada’s Moapa Valley mentioned seeing enormous conical mesquite cakes, weighing from 23 
to 27 kg (50 to 60 pounds) each. These dried cakes were stored in grass-lined pits in rockshelters and along 
the rear walls of Southern Paiute wickiups (Fowler 1995). The Timbisha cached the pods in pots lined with 
arrowweed and covered them with earth (Fowler 1995). In the fall, the beans were uncovered and processed 
before the pea weevil (Brachus pisorum) emerged, and the larvae were eaten with the flour. 

Cahuilla storage facilities were large wicker baskets perched on platforms of poles to keep them out of 
reach of rodents; the largest of these baskets held up to 15 bushels of pods, enough to feed a family of 6 to 
10 people for a year (Bean and Saubel 1972:111). As described by Bowers (1888:5),

these bins or storehouses are made by twisting willow twigs or arrowweeds into long ropes 
and sealing one layer over another in a similar manner to the straw-rope beehives we see 
pictured in old books. This is cemented or plastered on the inside and made airtight. They 
look like huge bulging jars covered with wicker work, and which hold 10 to 15 bushels 
each. When filled with pods they are carefully covered to exclude insects or they will soon 
be perforated and breed worms. 

The Cocopah similarly stored the dried pods in “bird’s net weave circular granaries” placed on pole-supported 
platforms (Gifford 1933:267, Plate 33).
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Other Legumes: Palo Verde, Ironwood, and Acacia 

Although less desirable, other legumes such as palo verde, ironwood, and acacia were also exploited, al-
though processed in different ways. Unlike mesquite, however, mature pods of palo verde and ironwood 
have no nutritious mesocarp and the seeds were the primary food source. Other big differences are that their 
pods are not as sticky and the seed coats not as hard, and they could thus be ground more easily on a metate 
(Castetter and Underhill 1935:45). For the Tohono O’odham, ironwood and littleleaf palo verde immediately 
followed mesquite in importance as wild protein sources (Nabhan et al. 1979). But unlike the dependable 
mesquite, yearly variability in palo verde and ironwood crops was expected because of the plants’ depen-
dence on rainfall for pod production (Nabhan et al. 1989). 

Both species of palo verde found in the Arizona portion of the Sonoran Desert—foothill or littleleaf and 
blue palo verde—grow along washes on the bajada below the White Tank Mountains, west of the project 
area (Keil 1973). Ribbon-like stands of these trees, in particular foothill palo verde, would previously have 
been found within a short distance from the project sites. Both trees have mature seeds from May into Au-
gust, usually a little earlier than mesquite, before the summer rains start (Hodgson 2001:164; Turner et al. 
1995). Mature seeds are available at about the same time that saguaro fruits ripen. The fruiting of the palo 
verde is earlier in years when winter rains have been bountiful (Hodgson 2001:167). Indigenous people in 
the Southwest ate the sweet young seedpods of littleleaf palo verde as snacks, and ground the mature seeds 
to meal, often mixed with mesquite or ironwood flours (Hodgson 2001:164–167). The seeds of blue palo 
verde are bitter tasting and harder than those from littleleaf palo verde, and they were used less commonly 
(Hodgson 2001:165).

Because palo verde ripens earlier at lower elevations, gatherers would start on the lower elevations, fol-
lowing the ribbons of trees and moving upward on the bajada as the season progressed. After collecting 
them in a basket, palo verde pods were laid on the ground, beaten or stirred with sticks to release the seeds, 
which were then parched or toasted and then ground, or the parched seeds were stored whole. The meal was 
dampened with some water and then eaten as a gruel or atole, sometimes mixed with some ground saguaro 
seeds or mesquite flour. In Baja California, the Seri Indians relied on palo verde seeds for a staple (Felger 
and Moser 1985:324). The Seri ate the flowers, and shelled, toasted, and ground the seeds to a flour that 
could be stored in vessels (Felger and Moser 1985:324). Hia C’ed O’odham gathered large quantities of palo 
verde pods, shelled and ground them, mixed them with deer fat or water, and then baked them in pit ovens 
to form a breadlike mass (Bell et al. 1980). The Cahuilla similarly ground the seeds into flour, mixed it with 
water and ate it as atole or used it in mush or cakes (Bean and Saubel 1972).

Ironwood seeds are a good protein source, and parched seeds have a protein efficiency ratio three times 
higher than that of uncooked seeds (Hodgson 2001:170). The fruits begin to ripen in May or June, and fall 
on the ground 4–8 weeks later, from July to August (Shreve 1964). After gathering, the pods were first laid 
on the hard smooth ground and the seeds beaten out with a stick. Ironwood seeds are bitter and were gener-
ally leached before preparation, making them one of the few Sonoran Desert plant foods that were cooked 
in multiple changes of water (to rinse them) or water leached (similar to what was done for acorns). One 
method was to soak them in water for several days, often followed by boiling (Gifford 1932:211 [for the 
Southeastern Yavapai); Gifford 1936:258 [for the Western Yavapai, who stone-boiled the seeds in a bas-
ket or pot]; Hrdlička 1908 [for the Akimel O’odham, who put the seeds in deep baskets hung overnight 
in the swift current of the river]; Felger and Moser 1985 [for the Seri]). Another method was first to grind 
the seeds coarsely and put them in a dampened pit, which was then covered and allowed to sit overnight 
(Rea 1997). After leaching, Yavapai women dried the seeds and then parched them with coals in a bas-
ket (Gifford 1932:211). Next, the seed hulls were cracked on a metate, winnowed in a basket to remove 
the hulls, and sometimes soaked again to remove any lingering bitterness. Finally, they were ground on 
a metate and the meal, which was “very greasy,” was eaten dry or made into cakes, which similarly were 
greasy. Some Akimel O’odham just parched the seeds without leaching and then ate them like that (Russell 
1908) or ground and mixed the flour with water to make pinole (Curtin 1949). Overall, though, it appears 
that substantial amounts of water were needed to make the seeds more palatable. Felger (1977) noted that 
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indigenous people in central and southern Baja assumed ironwood seeds to be inedible, likely because, 
lacking abundant water, they never attempted to leach them. 

Various acacia species were prepared in similar ways; they matured at roughly the same time as iron-
wood and palo verde. For instance, the seeds of catclaw acacia (Senegalia [Acacia] greggii), which grows 
near the project area today, were parched, pounded, and ground into a coarse, nutritious meal that was made 
into atole or cakes by various indigenous people of the Sonora Desert (Barrows 1900; Bean and Saubel 
1972; Castetter 1935). 

Small Seeds: Grasses and Weedy Annuals 

Small seeds of grasses and various weedy annuals were a much-favored food of desert dwellers. Since early 
prehistory, wild grasses have played a major role in many subsistence systems around the world. Accumu-
lating archaeological evidence indicates that this is also true for the U.S. Southwest. Grass grains are often 
abundant in macrobotanical samples from habitation sites, although few of the various grain types can be 
identified to species. Paleoethnobotanists in the U.S. Southwest often do not distinguish between “economic 
and noneconomic” (economically important and unimportant) grasses in macro- or microfossil collections, 
although doing so is theoretically possible. Separating grasses has not been viewed as a critical research ob-
jective, although this perspective is now changing. Certainly, the ethnobotanical literature reveals that wild 
grasses were an essential food source for Native Americans of the U.S. Southwest (Doebley 1984; Ebeling 
1986). For instance, the important role that grasses played in the native economy of the Yumans is highlighted 
by the fact that of the 29 identified wild or weedy species that yielded seeds important as food, 7 are grasses 
(Castetter and Bell 1951:187). In contrast to mesquite, however, these grasses and other small-seed–bear-
ing plants are facultative wild crops, meaning they are dependent on short-term conditions such as rainfall 
to bloom and fruit. In the Sonoran Desert, unlike what we know for mesquite or saguaro, no special species 
of grasses were targeted to the degree that special expeditions were made or people set up camps near the 
resource. This is different along the lower Colorado River or in grassland environments, where wild cereals 
formed a much bigger part of the subsistence economy. 

The seeds of these plants were prepared as food in various ways. Among the O’odham and Yumans, 
various methods were used to separate grass seeds from the spikelets (Castetter and Bell 1951:188; Castetter 
and Underhill 1935:24). One approach was to beat seeds off the plant into large baskets or to strip them by 
hand into smaller baskets. Another method was to place whole plants on a fiber mat and beat out the seeds 
with a stick. Yet another method was to burn a large bundle of plants and sweep the seeds off the ground. To 
prepare grass seeds for storage, they were first basket-winnowed and then parched and sun-dried in wide-
mouthed bowls or baskets (Castetter and Underhill 1935:24–25; Russell 1908:68–69). Winnowing was ac-
complished by shaking the seeds horizontally in a flat basket, jogging the basket occasionally to bring the 
chaff to the upper edge and allowing the wind to remove it. After this initial processing, grass seeds were 
parched before grinding. A few embers were placed in a container along with the seeds, and the container 
was shaken constantly to prevent burning. An olla with at least one broken side sometimes was used for this 
purpose (Russell 1908). Russell (1908:68) described the parching process of the Akimel O’odham:

The coals are raked into a parching pan and after the grain has been thrown upon them it is 
given a series of tosses with a quarter-turn to each which redistributes the light but bulky 
coals and the heavier grain. A frequent puff of breath carries away the quickly gathering 
flakes of ashes. The contents of the pan are separated by a few short jerks that carry the 
coals in a mass to the edge of the dish, whence the larger particles are scraped off and the 
smaller blown out.

The parched grass seeds were ground into flour that was used to make a beverage, a cooked cereal, and 
baked foods.
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Panicgrass (Panicum spp.) seeds contain about 15 percent protein (Earle and Jones 1962:136), and Saun-
ders (1919:136) concluded that its nutritional value was similar to that of millet. The Cahuilla first singed the 
seeds to remove hair and then boiled them for several hours (Bean and Saubel 1971:98). For the Cocopah, 
panicgrass was so important that they planted it in the sandy mudflats along the Colorado River channel 
(Kelly 1977:37–38). After harvesting, the seeds were winnowed and stored for winter use. When used, “it 
was ground, mixed with water, and the mass kneaded into hard cakes which, when dried in the sun, were 
ready to eat. Gruel and mush were also made of the flour” (Castetter and Bell 1951:170–171). 

At least five species of saltbush (Atriplex spp.) growing in the Sonoran Desert were used for food, sup-
plying edible seeds and also leaf matter (Hodgson 2001:150). Saltbush seeds contain about 12.5 percent 
protein (Earle and Jones 1962:227). The Cahuilla harvested the seeds from July to September, using a seed 
beater and gathering basket (Bean and Saubel 1971:45). The seeds were pounded to separate the seeds from 
the bracts, and then parched, ground into flour, and mixed with water to make gruel (mush) or small cakes. 
The cakes could be stored for long times. The Akimel O’odham dried, parched, and stored the seeds. To re-
move their salty taste, the seeds were first steam-baked by placing them on the inner papery bark of cotton-
wood with iodinebush (Allenrolfea occidentalis) in a heated hole in the ground. They covered the hole with 
additional vegetation and then baked the mass for 1 or 2 days (Hodgson 2001:150). As reported by Kelly 
(1977:39), the Cocopah had a similar, although simpler method: 

The seeds were beaten off the plant into a basket with a stick and were then winnowed. To 
prepare the seeds for eating, a small hole was dug and lined with hot coals. The seeds were 
poured on top of the coals and covered with another bed of coals, and then everything was 
covered with dirt and allowed to cook for about three hours. When removed, the seeds were 
parched, ground on a metate, and eaten dry, or boiled in water to make mush. 

Indianwheat (Plantago spp.) is a winter/spring annual (February–April) that can form dense carpets of low 
ground cover after adequate winter rain, and it may flower a second time after wet monsoon season. Seeds are 
usually available from late spring to early summer. The Akimel O’odham threshed and winnowed the seeds 
and then added water to make a beverage, or they toasted and ground the seeds to make gruel or cakes (Rea 
1997; Russell 1908). O’odham people ate the seeds uncooked or toasted and ground them to make a pinole 
(Castetter and Underhill 1935). The Seri considered Indianwheat an important food, mixing the seeds with 
water, using the glutinous mass as is, or soaking it in water to make a cooling drink (Felger and Moser 1985). 

Purslane seeds were commonly used for food, available summer though the fall (Adams 1988:416–423). 
Because the plants often form dense ground cover, large amounts of seeds could be quickly collected, win-
nowed, sifted, and ground. Immature plants could also be gathered because they matured even after having 
been picked. The Zuni gathered the plants when still in flower, placing them in large piles on mats to dry, 
after which they beat the pile of plants to release the mature seeds (Cushing 1920). 

Horse purslane is a succulent-like, herbaceous perennial, which has small edible seeds and was also used 
as greens. The Cochimí of Baja California collected the seeds by pulling up the plant and releasing the seeds 
on their tray baskets (Hodgson 2001:76), but overall there is little information on the use of the seeds as food. 

Goosefoot and pigweed (Amaranthus spp. and Chenopodium spp.) were used in similar manners as both 
seeds and greens. The seeds of various goosefoots were eaten after being parched and ground into flour. In 
a good year, mass quantities could be harvested and stored (Barrows 1900). The Northeastern and Western 
Yavapai gathered the seeds of goosefoot in the fall (Gifford 1936). They collected the inflorescences with 
mature seeds in conical burden baskets, spread them on a flat surface, and beat them with a stick. The win-
nowed seeds were parched with coals in a basket, then ground, boiled, and eaten. 

Pigweed seeds were collected in summer through fall. Kelly (1977:36) provides detailed descriptions 
of collecting and processing methods used by the Cocopah. Collecting the seeds involved breaking off the 
inflorescences into a basket that was carried to a collecting/trashing area. Women might also simply pull 
the plant over the basket and rub the seeds off between their hands. At camp, the inflorescences were put 
in piles, which were then beaten with a stick to remove the seeds. The seeds were then pounded in a mortar 
with a pestle and winnowed to separate the chaff. The seeds were then ground into a meal with a metate and 
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mano, and this meal was eaten uncooked or added to boiling water to make a mush. The Cocopah also made 
cakes by mixing the flour with water. The cakes were about 2.5–5.0 cm (1–2 inches) thick and 17–25 cm 
(7–10 inches) in diameter. 

Berries 

Wolfberry and hackberry pollen types were identified in the analyzed project samples, indicating that these 
species grew nearby (wolfberry was actually found growing in the project area) and may have been used by 
people living at the project sites. Most edible desert wolfberries (Lycium macrodon) flower from March to 
May, with the berries collected from June through August (Hodgson 2001:236). People collected wolfberries 
in a basket and then generally washed, dried, boiled, and ground them. They mixed the meal with water to 
make a beverage or stored the fruits in gourds, ollas, or watertight baskets. The mass was later eaten as is, or 
pulverized, mixed with water and drunk. The berries were also eaten raw as a snack, sun-dried, and cooked 
in water to make soups, sauces, syrups, and beverages (Hodgson 2001:236–237; Rea 1997:144). Sun-dried 
berries store well and were reported to taste sweeter after drying (Hodgson 2001:236; Rea 1997:144). To-
hono O’odham collected the berries and sold them in 10-pound bags, indicating that considerable quantities 
could be collected. 

Desert hackberry fruits mature in the summer and fall; they are small and pulpy and contain a relatively 
large stone. The fruits have a relatively high percentage of crude protein, phosphorous, and calcium (Everitt 
and Alaniz 1981). In the Southwest, use of hackberry fruits is reported for most indigenous cultures. North-
eastern and Western Yavapai gathered the red fruits in June, then pot-boiled and ground them into a meal on 
a metate (Gifford 1936). The meal was mixed with some water and kneaded into cakes, which were dried 
for storage. Another method was simply to dry the fruits, which could be reconstituted when needed. 

Greens 

Various greens were used, usually gathered from spring through summer in washes or disturbed areas such 
as fields or residential sites. The O’odham diet included stalks or leaves of lacy ragweed (Ambrosia tenui-
folia), lambsquarter (Chenopodium album), nettleleaf goosefoot, fringed pigweed, carelessweed, canaigre 
(Rumex hymenosepalus), dandelion (Taraxacum officinale), and saltbush (Castetter and Underhill 1935:14). 
Some of the greens were first cooked (e.g., in soups), others were eaten fresh immediately, and none were 
stored. Amaranths and various Chenopodium plants are commonly called “desert spinach” or quelite and 
were prepared like spinach. Amaranth was (and still is) widely used as greens by the Akimel and Tohono 
O’odham, who boil the tender leaves and tips of stems in water (Nabhan et al. 1982; Rea 1997). Some of the 
lower Colorado River tribes did not just boil the greens but also rolled the cooked greens into balls that they 
baked on hot coals (Castetter and Bell 1951). The Cocopah laid a thick layer of amaranth leaves on a bed of 
hot coals, mashed the leaves down, and packed the mass with their feet (Kelly 1977). Other dry and green 
plant matter was put on top and set on fire. The mashed amaranth leaves were allowed to bake for about 3 
hours, after which time the baked “cakes” were cut up and eaten. Like most quelites, the young Chenopo-
dium herbage was gathered and boiled alone or with other foods. Saltbush branches were used for seasoning, 
either in cooking or in pit-baking. The leaves and young shoots were harvested from April through Septem-
ber and used as greens, imparting a salty taste when added to other foods (Hodgson 2001:151). Purslane, 
a plant found in many parts of the world, is cooked and eaten as greens and is high in vitamin C (Hodgson 
2001:221). This plant is one of the best-known and most commonly used edible greens in the Southwest, 
where it germinates after the summer rains. The greens are sometimes available in grocery stores in Tucson. 
Horse purslane was also (although less commonly) cooked as greens by O’odham people (Nabhan et al. 
1982; Pennington 1980). The young stems and leaves of wild buckwheat were collected in spring and eaten 
raw, boiled, or pickled (Bean and Saubel 1972; Hodgson 2001:219). 
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Cacti and other Succulents 

Among the succulent plants favored by the O’odham were saguaro, cholla, prickly pear, agave, and yucca. 
The plants were boiled or roasted (Castetter and Bell 1942:59; Rea 1997; Russell 1908; see Gifford [1936] 
for the Yavapai). Cholla and prickly pear would have grown close to the project area, with saguaro dense 
on the upper bajada, about 10–15 km (6–9 miles) to the west. Agave grows along the mountain flanks, but 
yucca does not grow in the area at all today, although it may have at the time the sites were occupied, given 
its possible presence in a pollen sample from the project. The most important of the cacti was the saguaro, 
whose fruit yielded nutritious beverages and jams (Crosswhite 1981). The saguaro fruit pulp also was eaten 
fresh, and the seeds were parched, ground, and eaten as cakes (Castetter and Bell 1937:13; Castetter and 
Underhill 1935:20). Each O’odham family had an established camp for the collection and processing of 
saguaro fruit to which they returned year after year. Saguaro fruit was picked in July in a season that lasted 
approximately 2 weeks. The fruit was collected from a region roughly 260 ha (1 square mile) in size. 

Cholla collecting and processing followed a pattern different from the one established for saguaro. The 
buds of the cholla were gathered in May and the fruits in late summer. Cholla buds have high calcium con-
tent, can be gathered in large quantities, and were baked and preserved for year-round use. The fruit and 
young stems of cholla could be eaten in times of greater need (Castetter and Bell 1942:59–60; Castetter 
and Underhill 1935:14–15, 23). Small parties of Tohono O’odham women collected cholla buds in coiled 
baskets using only wooden tongs, and they then brought the collected buds back to a central location close 
to the source. When all the gathering parties arrived, a pit was excavated and filled with rocks, and a fire 
of mesquite wood was burned over the rocks (Castetter and Underhill 1935:15). The usual pit size was 1 m 
(ca. 3 feet) in diameter with a depth of 0.5 m (20 inches). It was common to line the pit with rocks to avoid 
contamination with sand. Once the rocks were hot, the pit was emptied. It was then refilled in a series of 
layers: a lining of grasses or bush seepweed (Suaeda nigra), the cholla buds or fruits, and the hot rocks. 
This grass-cholla-rock layering was repeated until the pit was filled, and it was then covered with dirt and 
left to bake overnight. After baking, the cholla was spread out and dried. The dried buds were then boiled or 
ground into a meal, which was often used with other greens in a sort of vegetable stew (Castetter and Un-
derhill 1935:16). Doelle (1980) has presented estimates of the amount of calories used to gather and process 
cholla in relation to the amount gained by eating them. Although much less nutritious than saguaro, cholla 
buds were nevertheless an important food source in late spring when, after a long winter, people would have 
benefited from the nutritional bounty of cholla buds.

In summer, O’odham women collected prickly pear fruit with tongs, piled the fruits on the ground, and 
removed the spines by brushing them with creosote bush branches (Castetter and Underhill 1935:23). The 
fruit was then taken back to the village and eaten fresh or processed into syrup. The latter activity required 
a hearth and ceramic containers (Fontana et al. 1962).

According to ethnographic accounts, agave was a dietary staple of many indigenous peoples in arid por-
tions of North America (e.g., Castetter et al. 1938; Dobyns 1988; Doyel and Eiler 2003; Nabhan 1985; Par-
sons and Parsons 1990). Although it never would have grown naturally at low elevations such as in the project 
area, agave grows in the White Tank Mountains, less than 15 km (9.3 miles) to the west. By the Classic pe-
riod, however, the Hohokam were cultivating domesticated varieties in low-lying areas of the Phoenix Basin. 
Agave food products are heavy and take considerable effort to carry over long distances. Therefore, it was 
usually processed close to the source in places with ample fuelwood for the roasting process. Bean and Saubel 
(1972:31–36) provided a good description of agave collection and processing among the Cahuilla of southern 
California. The Cahuilla ate three parts of the plant—the flower, leaves, and stalks (primarily the lower part 
of the stem, also termed the agave “heart”)—which were available in different seasons. Agave-gathering areas 
were generally 8–16 km (5–10 miles) from villages and were owned by Cahuilla sibs and lineages. When the 
plants were ready to harvest, male representatives from each family who owned the particular territory traveled 
to the gathering areas and selected the best locations for that year. 

Agave flowers are available from April through August. The flowers were parboiled (i.e., partial boiling 
of food to remove poisonous or foul-tasting substances from foodstuffs) to release bitterness, after which 
they were eaten or preserved by drying. The leaves could be collected throughout the year, although they 
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were best from November through May. The leaves were generally collected with the stalks, which were 
the Cahuilla’s favorite part of the agave, from April through the summer months. The stalks were carefully 
selected for harvesting. Only those that had reached a height of 1.2–1.5 m (4–5 feet) and had not yet blos-
somed were collected. Furthermore, not all suitable plants were harvested in one gathering. Instead, some 
plants were left for processing later that year. A group of men could collect several hundred kilograms of 
stalks in a day, with a dozen or more stalks gathered per hour. The tools used in gathering were relatively 
simple. Leaves were removed with a mescal cutter—a shovel-shaped, hardwood tool with a sharp, fire-hard-
ened edge. Stalks were detached from the plant by means of a sharp, pointed pole made of oak or ironwood. 
Like cholla fruit, agave was baked in a pit, which was much larger (1 m [39 inches] or more in diameter), 
and is commonly termed an horno (oven) or mescal pit. Bean and Saubel (1972:34) described the process:

A pit about three feet deep and five feet long was dug by hand or with an agave shovel in 
sandy soil. A large rock was placed in the center of the pit and smaller rocks were placed 
around it. Logs were next placed in the pit and permitted to burn into a bed of long-last-
ing coals. The coals were covered with a layer of rocks, and agave stalks and leaves were 
laid across these rocks. The pit was then covered with grass and leaves to facilitate steam-
ing and enhance the flavor of the roasted stalks. Several bushels of stalks and leaves could 
be roasted in one pit. The cooking process lasted three nights.

Fauna 

A variety of large- and small-game animals found between the mountains and river would have been po-
tential prey for the hunters residing in the project area, including mule deer (Odocoileus hemionus), desert 
bighorn sheep (Ovis canadensis mexicana), pronghorn, and javelina (Pecari tajacu) in the mountains and 
upper bajada, with leporids and a host of rodents, birds, reptiles, and perhaps amphibians on the lower ba-
jada and along the river nearer to the project area (see above and also Chapter 4, this volume, for the actual 
animals exploited in the project area). Hunting camps would not be expected on the lower bajada, but in the 
grassland areas on the upper bajada and in the canyon mouths where the larger game was found and water 
sources were available. Hunting on the lower bajada would largely have been opportunistic. There is eth-
nographic evidence, however, of hunting drives in open, flat areas of the bajada focused on cottontails and 
jackrabbits (Rea 1998:48–53). Such communal drives (O’odham shaada) were usually festive, especially 
occasioned when different families converged in one place. Drives were done by encircling a large horse-
shoe-shaped area (up to 3 km [2 miles] in diameter), with drivers chasing animals into the circle, which was 
then narrowed, after which animals were killed with rocks, clubs, and arrows. The small animals were baked 
whole in pits or grilled on the hot coals of surface fires. Pits for communal roasting would have been large, 
but cooking of opportunistically caught small animals was done in small pits. The Hia C’ed O’odham baked 
desert tortoises by placing them on fire-heated rocks in a pit, which was then covered (Doyel and Eiler 2003). 

Food-Processing Technologies and Expected Archaeological Signatures 

The diet of the indigenous groups of the Sonoran Desert included many native succulents, notably saguaro, 
agave, yucca, cholla, and prickly pear. All of these plants were boiled, roasted, or baked to render their parts 
edible (Felger 2007; Felger et al. 1992; Gifford 1936; Hodgson 2001; Lumholtz 1912; Nabhan et al. 1989; 
Rea 1997; Russell 1908; Underhill 1938:31; Zepeda 1985). Other plants processed with heat from a fire 
included legumes, grasses, and other, small-seed–bearing plants. In general, mesquite pods and the various 
seeds were parched using hot coals or fire and then ground into flour. Flour might be mixed with water to 
produce cakes by baking them on hot rocks (or unbaked in the case of mesquite). For the O’odham (Castetter 
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and Bell 1942; Castetter and Underhill 1935; Thackery and Leding 1929) and the Hohokam (Doelle 1976, 
1980; Gasser and Kwiatkowski 1991b; McGuire and Schiffer 1982), pit-cooking was one of the most com-
mon methods of succulent preparation, although not for saguaro and prickly pear. A wide range of other 
cooking methods using rocks has been recorded throughout the greater U.S. Southwest. Although hot rocks 
are frequently associated with pit ovens or roasting pits, they were also an important component of other 
cooking techniques, such as boiling, grilling, broiling, searing/charring, parching, and contact frying (Ellis 
1997; Wandsnider 1997). Ethnographic accounts of traditional hot-rock cooking suggest that the various pro-
cesses took from just a few to more than 50 hours for different plant materials (Wandsnider 1997:Figure 6). 

Using ethnographic data, the first part of this chapter presented methods to process the various food re-
sources suspected to have been used by—or available to—people that occupied the project sites. Importantly, 
each of the desert plants described above was collected and processed using a distinct set of tools and behav-
iors. From the ethnographic descriptions, it is possible to identify behavioral sets for each plant that would 
leave a distinct impression in the archaeological record. It is then therefore possible to predict the types of 
archaeological features and associated artifacts and other materials that would serve as a “signature” for a 
given plant-collecting or plant-processing activity. Finding out what these signatures may be is the purpose 
of the present section, which looks at what may have been preserved in the project’s archaeological record 
as part of the processing of mesquite, palo verde, small seeds, berries, cholla, greens, and faunal resources. 
This list is shorter than the food suite discussed above because several of these foods can be eliminated as 
they are not relevant. In particular, saguaro, agave, and ironwood grew too far away and were also absent in 
the project’s analyzed paleobotanical samples. 

Based on previous research, archaeological signatures of plant procurement and plant processing consist 
of thermal features (e.g., features with oxidized surfaces and containing FAR, ash, and/or charcoal), unburned 
rock features (e.g., threshing areas), middens and other trash deposits, flaked stone debris, specific types of 
flaked stone tools, ground stone tools, ceramics, and diagnostic paleobotanical materials (including residue 
on lithic tools and pottery). Other possible signatures—perishables such as wooden grinding implements, 
seed beaters, and basketry, to name the most likely ones—would only be preserved in protected environ-
ments such as caves and rockshelters, and are not part of this discussion (but see Appendix 9.1 for an over-
view of the various basket types that might have been used at the project sites). Ceramics play only a minor 
part in this discussion because most Luke Solar project features date to the Archaic period. Furthermore, 
any processing methods needing much water will be deemphasized. Given the presumed relative dearth of 
water in the project area, stone-boiling and other water-intensive processing methods were likely not an op-
tion and are not discussed here, although small amounts of water were probably used for making gruels and 
cakes. Animal resources will only be touched upon briefly because the faunal bone collection was too small 
to suggest that hunting activities were important in the project area. Ethnobotanical data and expected ar-
chaeological signatures for selected plant species processed for food purposes with the aid of fire are sum-
marized in Table 85. The reader should note that the expected signatures in the following discussions are 
for idealized scenarios, in which features still contain their original fill, or at least enough remnants thereof 
to provide evidence of the primary activities. In reality, of course, the original fill of most pit features will 
have been cleaned out, with features subsequently refilled with secondary geologic and/or trash deposits. 

Mesquite 

Mesquite harvesting and processing were likely the primary subsistence activities in the project area. In fact, 
the project sites are best characterized as specialized mesquite-processing camps. Of the other legumes grow-
ing on the bajada, palo verde and acacia may also have been harvested but only in small amounts and op-
portunistically. Ironwood grew much higher up on the bajada and needed water for leaching, so it is highly 
unlikely that its seeds were processed in the project area. Before discussing the mesquite-processing steps 
and associated archeological signatures, it is useful to recap what we know about the mesquite-harvesting 
season, what kinds of labor groups were involved, and what the desired end product may have been. In the 
Sonoran Desert, mesquite was primarily gathered in the summer, usually from mid-June through July, with 



 394

Table 85. Processing Methods for Selected Plants of the White Tank Mountains/Aqua Fria River Bajada 

Family/Species Common Name Most Common Habitat
Annual (A)/ 

Perennial (P)
Harvest Season Plant Parts Used Processing Method

Archaeological Correlates
End Product

Features a Artifacts Paleobotany

Asparagaceae 
(Agavaceae)

agave family

Agave deserti desert agave upper bajada; mountain 
flanks

P April–August (flowers); 
November–May (hearths/

stalks)

hearts; stalks; 
flowers

pit baking; parboiling (of 
flowers)

large (over 1 m [39 inches] 
diameter) roasting pit 

(horno)

tabular knives; large flakes 
with cutting edge; steep-edged 

scrapers

charred agave parts 
(monocots)

sliced baked hearts; cakes

Aizoaceae mesem (iceplants, fig-
marigold) family

Trianthema 
portulacastrum

horse purslane lower bajada P June–September seeds; greens parching; grinding; boiling thermal pit or surface with 
FAR

metates and manos; ceramics charred horse-purslane seeds, 
pollen

cooked greens; cakes, beverages, 
and gruel (from seeds)

Amaranthaceae 
(Chenopodiaceae)

goosefoot family 

Allenrolfea 
occidentalis

iodinebush lower bajada P September–December seeds parching; grinding; baking 
(cakes); boiling

thermal pit or surface with 
FAR

metates and manos; ceramics charred cheno-am seeds, 
cheno-am pollen

cakes, beverages, gruel 

Amaranthus palmeri carelessweed lower bajada A May–August seeds; greens threshing; parching; grinding; 
boiling and baking (greens)

thermal pit or surface with 
FAR

metates and manos; ceramics charred cheno-am seeds, 
cheno-am pollen 

cooked greens; cakes, beverages, 
and gruel (from seeds)

Atriplex spp. saltbush lower bajada A/P June–August seeds; greens parching; grinding; baking 
(seeds and cakes); boiling

thermal pit or surface with 
FAR

metates and manos; ceramics charred saltbush seeds; cheno-
am pollen

cooked greens; cakes, beverages, 
and gruel (from seeds)

Chenopodium 
berlandieri

pit-seed goosefoot 
(pigweed)

lower bajada A June–August seeds; greens winnowing; parching; grind-
ing; boiling

thermal pit or surface with 
FAR

metates and manos; ceramics charred cheno-am seeds, 
cheno-am pollen

cooked greens; cakes, beverages, 
and gruel (from seeds)

Chenopodium 
murale

nettleleaf goosefoot 
(pigweed)

lower bajada A June–August seeds; greens winnowing; parching; grind-
ing; baking; boiling

thermal pit or surface with 
FAR

metates and manos; ceramics charred cheno-am seeds, 
cheno-am pollen

cooked greens; cakes, beverages, 
and gruel (from seeds)

Cactaceae cactus family

Carnegiea gigantea saguaro upper bajada P June–August fruits; seeds boiling (fruits); parching and 
grinding (seeds)

thermal pit with FAR ceramics dominated by jar 
forms; metates and manos

charred saguaro seeds syrup (from fruit pulp); cakes 
(from seeds)

Cylindropuntia spp. cholla upper/lower bajada P April–May Buds; fruits pit baking; boiling; grinding medium-sized (0.5–1 m [20–
39 inches] diameter) roasting 

pit, often rock-lined

ceramics; metates and manos charred cholla buds/fruits dried buds; gruel

Opuntia spp. prickly pear upper/lower bajada P May–July fruits; stems; pads drying; boiling thermal pit with FAR ceramics charred fruits cooked stems/pads; dried fruits; 
juice, syrup, jam (fruits)

Fabaceae legume family

Olneya tesota ironwood upper bajada P July–August seeds trashing, winnowing, leaching 
(soaking or boiling), parching, 

grinding, baking

thermal pit with FAR metates and manos, ceramics charred ironwood seeds cakes, gruel

Parkinsonia florida blue palo verde upper and lower bajada; 
drainages

P May–August seeds trashing, winnowing, parching, 
grinding, boiling, baking

thermal pit with FAR metates and manos, ceramics charred palo verde seeds cakes, beverages, gruel

Parkinsonia 
microphylla 

yellow or littleleaf 
(foothill) palo verde

upper and lower bajada; 
drainages

P May–August seeds trashing, winnowing, parching, 
grinding, boiling, baking

thermal pit with FAR metates and manos, ceramics charred palo verde seeds cakes, beverages, gruel

Prosopis velutina velvet mesquite drainages P June-august pods, seeds parching, pounding, winnow-
ing, grinding, boiling, baking

thermal pit or surface with 
FAR (for parching); non-

thermal pits (as basket sup-
ports, earthen mortars, cake 

moulds) 

mortars and pestles; metates and 
manos; pieces of ollas (parching)

charred mesquite pods, endo-
carp parts, and seeds

cakes; beverage, gruel

Senegalia greggii catclaw acacia upper and lower bajada; 
drainages

P July seeds threshing, winnowing, parch-
ing, grinding, boiling, baking

thermal pit or surface with 
FAR

metates and manos, ceramics charred acacia seeds cakes, beverages, gruel

Lamiaceae mint family

Salvia columbariae desert chia upper bajada A June–July seeds parching, grinding, boiling, 
baking

thermal pit or surface with 
FAR

metates and manos, ceramics charred chia seeds cakes, beverages, gruel

Plantaginaceae plantain family

Plantago spp. woolly plantain, 
Indianwheat

upper/lower bajada A May–June seeds parching, grinding, boiling, 
baking

thermal pit or surface with 
FAR

metates and manos; ceramics charred wooly wheat seeds cakes, beverages, gruel

Poaceae grass family
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Family/Species Common Name Most Common Habitat
Annual (A)/ 

Perennial (P)
Harvest Season Plant Parts Used Processing Method

Archaeological Correlates
End Product

Features a Artifacts Paleobotany

Panicum spp. panicgrasses lower bajada P June–July seeds parching, grinding, boiling, 
baking

thermal pit or surface with 
FAR

metates and manos; ceramics charred grass seeds, grass 
pollen

cakes, beverages, gruel

Sporobolus spp. dropseed lower bajada P June–July seeds parching, grinding, boiling, 
baking

thermal pit or surface with 
FAR

metates and manos; ceramics charred seeds, grass pollen cakes, beverages, gruel

Polygonaceae buckwheat family

Eriogonum inflatum desert trumpet lower bajada P May–July greens; achenes boiling thermal pit with FAR ceramics charred achenes, Eriogonum 
pollen 

cooked parts

Portulacaceae purslane family

Portulaca spp. common purslane lower bajada A June-August seeds; greens parching; grinding; boiling thermal pit or surface with 
FAR

metates and manos; ceramics charred purslane seeds cooked greens; cakes, beverages, 
and gruel (from seeds)

Solanaceae nightshade or potato 
family

Lycium spp. wolfberry upper/lower bajada P June-August fruits sun-drying and grinding; 
fresh-boiling

thermal pit metates and manos, ceramics wolfberry pollen soups, sauces, syrups, and bever-
ages; dried fruits for storage

Cannabaceae hemp family

Celtis spp. hackberry upper/lower bajada P June-August fruits pounding; grinding; boiling, 
drying 

thermal pit mortars and pestles; metates and 
manos; ceramics

hackberry pollen pulp; meal/cakes (for storage)

a Not listed are ephemeral features, such as basket, pot, or millingstone rests; only large basket supports (i.e., for mesquite pods) are listed.
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harvest completed by the time that the monsoon storms started. The Tohono O’odham gathered the mature 
pods in late August after the saguaro harvest, but at low elevations—such as in the project area—pods be-
gin to fall by mid-June. Thus, we can state with good certainty that mesquite harvest in the project area oc-
curred before the saguaro harvest, which would have occurred in late July though early August on the upper 
bajada. As discussed above, harvest and processing together may have taken 4–6 weeks. Importantly, this 
places the mesquite harvest at the height of the summer drought when no water would have been available 
other than what people brought with them, unless water could be obtained (perhaps by digging) from the 
elevated water tables at the mesquite bosque.

 Mesquite harvest often meant relocation close to the resource. Because mesquite produces a massive 
quantity of fruit in a short period of time, the crop needed to be harvested quickly and all available labor was 
recruited. One other reason that the harvest needed to be done so quickly was that neither the pods nor the 
flour preserve well in the summer humidity. In fact, high humidity is the greatest constraint to a successful 
crop. In ethnographic accounts, the mesquite harvest was a major communal event, with gatherings involving 
entire families, including men. Because mesquite was harvested in such large volumes, the baskets, parching 
features, grinding equipment (pestles “big as a man’s leg,” often 1 m (ca. 3 feet) long), and storage structures 
(even if temporary) all were similarly large. If the harvest and processing were accomplished in 4–6 weeks, 
and if entire and multiple families were present (perhaps groups of 20 or more men, women, and children), 
archaeologists would expect to find remains of temporary structures. 

Another point to consider is whether people were only targeting the pulp (mesocarp) of the mesquite 
pod, or also the less easily processed seeds contained within the hard endocarp. As discussed above, the 
pulp is rich in calories and carbohydrates, and it is the most easily accessible edible part of the pod. The 
hard endocarp containing the seed is indigestible, which of course is how mesquite reproduces, and crack-
ing it to obtain the soft inner seed takes much more effort than obtaining the pod’s pulp. Yet, the seed has 
high protein content and is very edible. It was processed by hunter-gatherers such as the Seri and perhaps 
the Hia C’ed O’odham, but—at least by the beginning of the twentieth century—not by agriculturalists such 
as the Tohono and Akimel O’odham and tribes along the lower Colorado River, or by any other people with 
easy access to mass quantities of pods. Archaic period people, however, very likely consumed both pulp and 
seeds, and the signatures reflecting this are expected in the Luke Solar project. 

Mesquite-pod flour was typically made into storable cakes (little or no water needed) or consumed im-
mediately as pinole (more water needed) and atole (most water needed). An important question is what 
end product people desired: were they making storable and transportable cakes for later use or were they 
consuming mesquite flour mixed with water on the spot as beverages or gruels? For two reasons, making 
beverages or gruels likely was not an important activity in the project area. First, if the mesquite harvest in 
the project area occurred during the dry summer season, water availability may have been limited. Second, 
because mesquite flour spoils quickly in the monsoon humidity (which probably began to increase as the 
harvest progressed), making cakes would have been the preferred option. Furthermore, cakes did not just 
store well, they also were highly transportable. 

At its most completely accomplished (with not just the pods but also the seeds processed), mesquite 
production had 15 basic steps from collection to long-term storage (Table 86). For simplicity, the features 
are grouped into three basic sizes in this table and the following discussions: small (diameter of less than 
0.5 m [20 inches]), medium-sized (0.5–1.0 m [20–39 inches] in diameter), and large (diameter of over 1 m 
[39 inches]). Also, in the table and in the following discussions, “thermal” as a feature descriptor means that 
the feature exhibited in-place oxidation on its base or walls, but this definition does not necessarily mean that 
the feature had a thermal (i.e., heat-providing) function. Perishables such as wooden mortars or pestles and 
basketry are not listed in Table 86 because they would not have preserved at the project sites. Also, although 
mesquite flowers and green pods were used for food, the first were just a snack food, and the second were 
never as important as the mature pods. Therefore, the present discussion only focuses on the mature pods.

The first step was to collect the ripe pods from the trees or the ground beneath them and bring the pods 
to the processing camp in large burden baskets, carrying nets, or blankets. The second step was to tempo-
rarily store them on-site, likely in large baskets placed on the ground if it was only for a short duration of 
time. For longer storage, the pods themselves, or large coiled baskets containing the pods, could be put out 
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of reach of animals on storage platforms or on house roofs. Archaeologically, short-term storage in baskets 
might appear as shallow but medium-sized nonthermal pits in an area that also contained thermal features; 
longer-term storage on platforms would be indicated by postholes. 

The third step was to parch the pods, which was done in at least four ways: (1) toss the pods around in 
a large basket with live coals, (2) stir them in a piece of an olla placed on hot coals, (3) toast them in hot 
earth, or (4) toast them on hot rocks. The first method was to place several embers along with the pods in a 
basket (of a larger size than used to parch small seeds), and toss the contents around by gently shaking the 
basket. Short-term hearths produced the embers, and the resulting archaeological feature would have been 
a small, oxidized pit with a fill of FAR. Rocks were put on the fire to choke it, thereby maintaining a steady 
supply of coals. The second method of parching would have resulted in a very similar feature, but with the 
possible addition of broken pottery to the fill. The same goes for the third method (toasting in hot earth), ex-
cept there would be no FAR and the pit would be larger. The fourth method (toasting on hot stones) would 
have resulted in a broad oxidized surface or large shallow pit with an FAR concentration. All four methods 
would also result in charcoal, ashes, and perhaps some charred mesquite-pod fragments. A good archaeo-
logical example of this method has been provided by the Arroyo de la Presa site in Presidio County, Texas 
(Cloud 2004). There, a 2-by-4-m (78-by-157-inch) rock cluster (dating to a.d. 1040–1290) contained sig-
nificant quantities of charred mesquite seeds and pods. It appears that a fire of mesquite and saltbush wood 
was covered with several layers of stones, after which the plant material was placed on the rock surface for 
parching. The fourth method, as well as the third (toasting pods in hot earth), would have been especially 
well suited for processing large quantities of pods, and these are the features one would expect to find at 
large, specialized mesquite-processing camps, such as in the project area. To summarize, there are at least 
four different expected types of mesquite-parching features, all possibly including charred pod fragments 
in their fill: Methods 1 and 2 would result in a small thermal pit with associated FAR and for Method 2 per-
haps ceramics; Method 3 would result in a medium-sized to large thermal pit without associated FAR; and 
Method 4 would result in a broad thermal surface or large shallow pit overlain by a broad cluster of FAR. A 
fifth type of parching feature is not for the pods, but for parching the seeds (see below). This feature would 
be similar to the ones described for Methods 1 and 2, but instead of charred pod fragments, its fill would 
contain charred seeds and seed fragments. 

With parching done, the next task (Step 4) was to store the pods in baskets, either temporarily or long 
term, before further processing. At specialized mesquite-processing sites, this temporary storage was likely 
more a matter of days than weeks. In the archaeological record, this step might be detected as shallow and 
wide nonthermal pits serving as basket rests for short-term storage, or as large and deep thermal or nonther-
mal pits (bell shaped or basin shaped) for long-term storage. None of these features would provide evidence 
(such as plant materials) of their actual function.

Step 5, pounding the pods, initiated the series of mesquite-processing stages involving ground stone, 
that concluded in Steps 7, 10, and 13 (see Table 86). Pounding involved mashing the pods to separate the 
husk (exocarp), pulp (mesocarp), and the hard stony coat (endocarp) surrounding the seed. Step 7 consisted 
of grinding the pulp to finer flour and was optional. Step 10 was a second round of pounding, now to crush 
the hard endocarp to free the soft seed inside. Step 13 was to grind the seeds into flour. Thus, great vari-
ability in forms and sizes of ground stone are expected: large mortars and pestles used while in a standing 
position (Step 5), smaller mortars and pestles used while sitting down (Step 10), and basin metates and ma-
nos to grind pulp and seeds into flour (Steps 7 and 13). In particular, there would be differences depending 
on whether it was the pods or the hard seed coats that were crushed. Compared to Step 5, Step 10 needed 
a smaller mortar and pestle, and this pestle would have been more versatile, serving to crush, pound, and 
grind. Archaeological features resulting from these four steps would be small nonthermal pits serving as 
mortar and metate supports. These pits would be shallow for the metates (5–10 cm [2–4 inches] at the most), 
deeper for the mortars (to 15 cm [6 inches] in depth), and deepest for earthen mortars (30 cm [12 inches] 
or more). The earthen mortars might be recognized by “polish” or other grinding evidence on their walls. 
It is unlikely, however, that sediments at the site would have a sufficiently high clay content to permit the 
creation and use of earthen mortars; the predominance of silt may have made it impossible, or at least not 
easy, to achieve the degree of compaction necessary to make a usable earthen mortar. After the seeds were 
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released (with mortar and pestle) from the endocarp (Step 10), they were ground into flour with a mano and 
metate (Step 13). For both Steps 7 and 13, basin metates and manos would be expected, and these would be 
similar to those used for other seed grinding. 

Given that ground stone forms the project’s largest artifact collection, it is useful to look at the ex-
pected grinding signatures in more detail. For Step 5, deep mortars made of stone, wood, or earth were 
documented in the ethnographic record; some groups also used a basket-lined pit or a basket hopper. Larger 
mortars were particularly favored when great quantities of pods needed to be processed. In the scenario 
where groups of people temporarily relocated to a mesquite source for its harvest, and time and timing were 
important concerns, one would expect that the faster option—processing while standing up, using larger 
wooden mortars—would have been preferred. Based on ethnographic data, wooden mortars were preferred 
for this scenario, especially those of mesquite wood. Wooden mortars were large, about 76 cm (30 inches) 
tall, 38–51 cm (15–20 inches) in diameter, with a hole about 38 cm (15 inches) deep, and were buried some 
38 cm (15 inches) deep in the ground. Women pounded in a standing position, using 0.9–1.2-m (3–4-foot) 
long cylindrical pestles made of stone or of mesquite or ironwood; that some of these pestles were as big 
as a “man’s leg” indicates that considerable weight was needed to enable heavy pounding. Step 5 pounding 
could also have been done sitting down, with the preferred pestle made of stone (to maximize weight) and 
about 38 cm (15 inches) long and 8–10 cm (3–4 inches) in diameter at the working end. Pounding while 
sitting down was more likely done when smaller quantities of pods were processed. Given that at most ar-
chaeological sites (including those of the current project) wooden implements have not preserved, the only 
remaining artifacts associated with Step 5 would be stone mortars and pestles. One would expect to find the 
long cylindrical pestles that were used with wooden or earthen mortars, but probably no or only a few large 
stone mortars of the type used for pounding while standing up (such huge blocks of stone would have been 
too heavy to carry from the river to the project area). One would expect much higher numbers of smaller 
stone mortars and pestles of the type used while sitting down. These pestles would not only be smaller, but 
also be more roughly shaped. Furthermore, they would likely differ from the more formally shaped Step 10 
pestles used to crush the endocarps. The ethnographic literature makes little mention of vesicular basalt, but 
where available, this material was one of the favorite grinding surfaces employed by prehistoric people for 
processing mesquite. Igneous, basaltic rocks, because of their rough surface, vesicular nature, and hardness, 
were the rocks of choice, just as they were for manos and metates used in grinding corn. As discussed in 
Chapter 3 (this volume), the Luke Solar project collection included several different subtypes of cylindrical 
pestles, but generally they were either very big cylinders—including conical shapes—or smaller squat-shaped 
examples. The conical pestles were mostly made from vesicular basalt, but the smaller ones were not. The 
correspondence (or lack thereof) between the ground stone collection from this project and the expected 
signatures of the four grinding stages is explored and discussed in Chapter 11. 

Of the four steps involving ground stone, Step 10 was the most challenging because the endocarps are 
hard and unyielding and require much extra effort to break open. Furthermore, compared to the quickly 
produced massive quantities of pulp (20 kg [44 pounds] per person per day, see above), this huge extra ef-
fort resulted in only relatively small amounts of seed flour (1 kg [2.2 pounds] per person day at the most). 
Cracking the endocarps was done sitting down and using stone mortars and pestles, which were smaller than 
those used for pounding the pods. Wooden mortars or pestles were not used because they were not abrasive 
enough. Vesicular basalt would have been the preferred material, consistent with the mortars collected from 
the project sites, most of which were vesicular. Rather than the downward-pounding motion of the Step 5 
cylindrical pestle (which would result in the hard and smooth endocarp-coated seeds flying out of the mor-
tar), a simultaneously twisting and crushing motion with a somewhat flattened pestle might have been an 
efficient way to crack the endocarps. Interestingly, Kroeber (1953:Plate 45) depicts a series of flattened 
pestles alongside a group of bedrock mortars, and also an oak mortar, all likely used for acorn processing. 
The analogy with acorn processing is not so strange because acorns are similarly hard, round, and smooth, 
and may similarly escape from the mortar if an up-and-down pounding motion is used. These pestles look 
much like the distinctive Lukeoliths defined in Chapter 3, this volume. Lukeoliths are multipurpose, flat 
pestles, manufactured from fine-grained materials (usually quartzite) and vesicular basalt. (The project’s 
cylindrical pestles were only rarely made from vesicular basalt.) What makes the Lukeoliths so important 
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is not just that they are unique in the archaeological record, but that they may hold the key to aspects of the 
specific plant-processing activities that occurred at the sites in the project area. Like the cylindrical pestles, 
Lukeoliths often exhibited polish extending up the tool, which may mean that they were used with wooden 
mortars (see Chapter 3, this volume). The sheen may also have been caused by the actual plant material be-
ing processed, however, which we may be able to substantiate through future plant-residue analysis. Be that 
as it may, if we can identify tools used to crack endocarps, major progress will have been made in unravel-
ing the mechanics of Archaic period mesquite processing. 

Another method to accomplish Step 10 is by using a “gyratory crusher,” a stone implement named by ar-
chaeologist Julian Hayden (1967, 1969), who first documented these tools in the archaeological record of the 
Sierra Pinacate of northwestern Mexico. A gyratory crusher is a very distinctive kind of mortar, either in slab 
or block form, with a hole in its bottom (see Hayden 1969:Figures 1–3). For years, investigators thought these 
artifacts—which are also found elsewhere in the low desert regions of the U.S. Southwest—were just worn-out 
or exhausted mortars. But Hayden surmised the hole had a purpose. As it turns out, when a heavy wooden pestle 
is projected through the perforation in the mortar base and gyrated, the projection provides leverage against 
the under rim of the hole in such a way that not just the pod husks but also the hard seeds can be cracked. In 
the Sierra Pinacate, the tool was developed very early in Phase I of the Amargosan-Pinacateno (about 11,000 
to 17,000 b.p.), and its use probably spanned three to four millennia; the technology was abandoned after the 
disappearance of the region’s mesquite forests at about a.d. 1100–1200 (Hayden 1967). Similar tools were 
used later in time in the western Sierra Madre (Hayden 1969:160), Mexico, and also during early horizons in 
Iran (Hole et al. 1969) and Israel (Stekelis and Yizraely 1963). Two gyratory crushers were also found during 
SRI’s excavations of the Mescal Wash site in southeastern Arizona (Greenwald and Vierra 2011:Figure 99). 
A modern-day equivalent of the gyratory crusher is a piece of farm and milling equipment called a hammer 
mill. This tool can crush and grind both the pith and the seeds of mesquite pods and sift out most of the debris 
automatically, providing great quantities of high-protein mesquite meal with little effort.

For both pods and seeds, the end products likely were the cakes made from the flour. These cakes were 
usually made in pits, unbaked (Step 14a) or baked (Step 14b), and could be stored (Step 15) or transported for 
future use (see Table 86). Unbaked cakes could be made by putting flour in a basket or a hole in the ground, 
and then sprinkling some water on top, after which the cakes hardened by themselves. These cakes were 
quite large. As described for the Maricopa, the “hole in the ground” was elliptical, 46 cm (18 inches) long 
by 30 cm (12 inches) wide by 25 cm (10 inches) deep; Southern Paiute made cakes that could be as thick 
as 60 cm (2 feet). In the archaeological record, making cakes in pits would show up as small but deep non-
thermal pits. Cakes could also be baked, but this method required more water. Baking was done by making 
dough, either by boiling the flour in water or by just adding water and forming the dough into cakes (with 
shapes including balls and bars), which were then baked in hot ashes. This process would result in small 
to medium-sized (perhaps about 50 cm [20 inches] in diameter) oxidized pits without FAR and would not 
contain any paleobotanical evidence as to what was being processed.

Storage of the cakes (Step 15) was the final step. (Temporary storage of the parched pods in baskets 
[Step 2] and short-term or long-term storage in baskets [on the ground, roof, or platform] or in pits [Step 4] 
have already been discussed.) The most common scenario for a specialized mesquite-processing camp would 
be to temporarily store the cakes until all processing was complete, after which they were packed for trans-
port. Cakes would be stored in storage pits or large baskets, and the resulting archaeological features would 
be deep, thermal or nonthermal storage pits or shallow nonthermal pits serving as basket rests. 

In sum, the various stages of mesquite processing required a varied tool kit, primarily wooden and 
stone mortars and pestles, stone manos and metates, baskets, and after ca. a.d. 1, ceramic vessels (such as 
pieces of ollas or wide-mouthed bowls [Goodyear 1975:171–174]). Flaked stone artifacts are not expected 
to have been directly associated with mesquite processing. Baskets and ceramics were the primary storage 
utensils. Baskets and wooden mortars and pestles would not have survived in the archaeological record at 
most open-air sites. 

Mesquite processing would have resulted in an equally wide range of archaeological features, primar-
ily nonthermal pits and thermal pits and surfaces. Expected nonthermal pits include: (1) small shallow pits 
(5–10 cm [2–4 inches] deep at the most) serving as basket or metate supports; small, deeper pits serving 
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as (2) earthen mortars (30 cm [12 inches] or deeper), (3) mortar supports (to 30 cm [12 inches] in depth), 
or (4) cake molds (50 cm [20 inches] or more deep); and (5) larger pits serving to store the cakes (50 cm 
[20 inches] or more deep). Polish or other pounding or grinding evidence on pit walls might point to their 
use as earthen mortars. Storage pits could be bell shaped or basin shaped and would also include a thermal 
variant (see below). None of the nonthermal features would include any paleobotanical evidence pointing 
to the specific taxa (mesquite) processed or stored in or with them.

Seven different types of thermal features are expected: five types corresponding to different types of 
parching, one type corresponding to baking cakes, and one type corresponding to storage. The fill of the 
first four types of parching features might include charred pod fragments and that of the fifth might include 
charred seeds. Continuing the numbering of feature types from the previous paragraph, these are (6) ther-
mal pit with associated FAR, (7) thermal pit with associated FAR and perhaps ceramics, (8) larger thermal 
pit without associated FAR, (9) broad thermal surface overlain by an FAR cluster, (10) thermal pit with 
associated FAR (similar to [6] and [7], except possibly associated with charred seeds instead of charred 
pods); (11) oxidized pit without FAR and no charred plant materials (cake baking); and finally, for storage, 
(12) deep bell-shaped or basin-shape pit with oxidized walls and no FAR from its original use. With regards 
to the parching and storage features, it is important to keep in mind that presence or absence of oxidization 
on a feature is not always an indication of a thermal function (i.e., heat used to process plants). Thermal and 
nonthermal features are not always what they seem. On the one hand, low-heat fires used for seed parching 
may have left little or no thermal evidence on pit walls or a surface; on the other hand, storage pits may have 
been given oxidized walls to make them more moisture resistant and seal them off.

Diagnostic macrobotanical remains can be expected in all thermal feature types (except those used for 
baking cakes [11] and storage [12]), but in none of the nonthermal features. No cultural pollen is expected 
to have remained from any of the 15 steps outlined in Table 86 because the mesquite trees had flowered a 
month or more before the harvest. The only chance of finding associated pollen would be if the blossoms 
were prepared, or if pollen still clung to the green pods if these were prepared.

Small Seeds 

Results of the paleobotanical analyses suggest that various small-seed–producing grasses and weedy an-
nuals were prepared at the sites (see Chapter 6, this volume). The project’s macrobotanical study identified 
charred grains, seeds, or fruits of horse purslane, cheno-am (goosefoot or pigweed), saltbush (two different 
species), woolly wheat or Indianwheat, panicgrass, and purslane. Purslane was found in noncultural context 
and may not indicate food use. Cheno-am (likely saltbush) was also common in the pollen samples, which 
also included woolly wheat and members of the grass family. With sufficient rain in winter, all these plants 
could be harvested during the summer. Seed processing had eight basic steps, three of which had more than 
one scenario, and only one for saltbush seeds, which were baked in pits to remove their salty taste (Table 87). 

Based on species, there were several ways to collect seeds: beat them off the plant into a large basket 
with a stick, strip off the seeds by hand into a smaller basket, carry whole plants or inflorescences onto a fi-
ber mat and beat out the seeds with a stick, or burn a bundle of plants on the ground and sweep off the seeds 
(as discussed below, only this method would result in a feature). The next step was to temporarily store the 
freshly collected seed-bearing plants, inflorescences, or already cleaned-out seeds in baskets or ceramic ves-
sels near the processing area. Archaeologically, this second step might show up as small shallow nonthermal 
pits in an area also containing thermal features.

Of special relevance to the current project is the pit-baking of saltbush seeds prior to parching to remove 
their salty taste. Akimel O’odham steam-baked the seeds in a “heated hole” in the ground, placing them on 
pieces of the papery inner bark of cottonwood, together with iodinebush. The hole was then covered with 
additional plant materials and left to bake for 1 or 2 days. Saltbush, iodinebush, and cottonwood are all 
available in or near the project area. The “heated hole” likely was a pit in which a fire had been burned, af-
ter which rocks were added to retain the heat. Cocopah had a similar but simpler method, pouring the seeds 
directly on top of a bed of hot coals in a pit, adding more coals on top of the seeds, and then covering the pit 
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with dirt. In both scenarios, the resulting archaeological feature would be a small, relatively deep, oxidized 
pit. After being cleaned out, it would still contain FAR and/or charcoal and a few charred saltbush seeds. 

The fourth step was parching, which—like for mesquite pods—was the first and foremost thermal ac-
tivity, and will therefore be discussed in most detail. Small seeds were parched in four basic ways. Entire 
seed-bearing plants (such as sacaton grass and amaranths) or their parts were (1) burned on a cleared surface 
or (2) toasted on hot rocks, and seeds could be parched by (3) tossing them in a basket that also contained 
hot coals or (4) by stirring them in a basket or on large piece of a broken olla set on hot rocks or coals. The 
first method would result in an oxidized surface without FAR, and the other three methods would all result 
in a thermal (i.e., oxidized) surface or pit with FAR. Thus, after building a fire, parching could follow three 
basic methods resulting in an FAR feature. One method would involve putting stones on top of the fire to 
create a hot pavement on which plant materials would be placed to parch them through “toasting,” much like 
described for mesquite pods above. After having cooled off, the materials could then be cleaned and win-
nowed in baskets. A similar surface of hot rocks could have served as a parching platform on which to place 
one or more ceramic containers (such as a broken piece of an olla) or baskets in which seeds were stirred. 
The final method is the most common seed-parching technique mentioned in the ethnographic literature. 
Several embers along with the seeds would be placed in a basket, which was gently shaken until the mate-
rial was sufficiently parched. With this method, the rock feature would result from putting rocks on top of 
the fire to choke it and thereby maintain a steady supply of coals.

For all four different methods, parching features are expected to be shallow oxidized pits or surfaces, 
with or without FAR, and containing a few charred seeds and other plant material as well as fuelwood. The 
fourth method might also contain ceramics. Ideally, such as at limited-use sites in a stable environment, 
these types of features should be distinctly visible, with FAR still spatially associated. But at intensively 
used sites like those of this project, features may have been reused many times, with rocks cleaned out and 
used elsewhere, preventing us from linking FAR to individual features, although increased FAR densi-
ties may indicate where most thermal activities occurred (see Chapter 10, this volume). The first parching 
method, burning plants on a cleared surface, would appear as an area of oxidized soil upon which—under 
ideal circumstances—charred seeds and other plant parts would be preserved. But such surfaces do not pre-
serve well, making them rare in the archaeological record. Archaeological evidence does exist for the sec-
ond method (parching on a hot rock surface) for mesquite pods (Cloud 2004) (see above) and small seeds 
(Rankin 1989). A rare example of a parching surface in Arizona was excavated at AZ T:3:20 (ASM) along 
the Agua Fria River in the Northern Periphery of the Hohokam (Rankin 1989:340–341, Figure 13.8). The 
surface (Feature 113) consisted of a 2.5-m2 (27-square-foot) pavement of fire-cracked cobbles and boulders 
without an underlying pit. A flotation sample from beneath the rocks yielded charred cheno-ams, and a pol-
len sample from the same area contained high-spine composites, suggesting that the feature served to parch 
small seeds. Likely, as known from the ethnographic record for sacaton grass, masses of entire spikelets or 
seedpods were spread on the pavement and toasted. 

The third method (tossing seeds in a basket with coals) and fourth method (placing seed-filled contain-
ers on hot rocks) would both have resulted in a similar type of archaeological feature: a small and shallow 
pit with oxidized base and walls, FAR in it or nearby, and charred seeds in the fill. Because high heat would 
have been counterproductive to the parching process, rocks are expected to be only minimally altered by fire, 
and oxidization might be minimal. In ethnographic accounts, these two parching methods (in particular, the 
first which used a basket instead of pottery) were the most common. Yet, unless intact features are found, 
they are difficult to identify archaeologically. At intensively used sites where multiple activities occurred 
over a long period of time and blurred individual processing episodes, it is often difficult to determine with 
certainty whether a specific excavated thermal feature was used for this purpose. Unless a thermal feature 
was sealed off immediately after use, there is no way to tell what was processed in it, or with it, and how 
processing was done. If such an ideal, sealed feature had been used for parching, excavators might find FAR 
sitting on top of charcoal, and an ashy matrix containing charred seeds and other parts of economic plants. 
Clearly, an intensively occupied site is not the best place to study seed-parching processes. 

The best places for such a study are less intensively used sites where features and their associated mate-
rials are spatially distinct. Because features in these areas are found isolated or in small groups, there is no 
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background noise, and it is much easier to identify associated activities than in the busy matrix of the project 
sites. For instance, there are large areas in southern Arizona where the most common type of indigenous fea-
ture is a shallow thermal pit that perfectly matches the expected signature for parching seeds. As a rule, these 
features are found in lower-bajada settings where grasses and various weedy annuals are common after favor-
able winter and spring rains. One such area is an extremely arid part of the Sonoran Desert encompassed by 
the Barry M. Goldwater Range (BMGR) East in southwestern Arizona (60 km [37 miles] south from the proj-
ect area). Here, large block surveys have identified several thousand thermal features, visible on the surface as 
concentrations of rocks, which include varying quantities of FAR (Heilen and Vanderpot 2013b). The features 
are found isolated as well as in small or large groups, often with associated metates and manos. About 100 of 
these features were considered imperiled and have been excavated. The excavations frequently revealed small, 
shallow ash-filled pits under or near the rocks. Subsurface pits were not identified at the other features, either 
because there were no pits associated with the features (i.e., they functioned as surface fires) or the rocks rep-
resented cleanouts, with the pits located outside the areas of excavation. On average, the subsurface pits were 
less than 50 cm (20 inches) in diameter and 5–10 cm (2–4 inches) deep. In most cases, pit walls and bottoms 
were not oxidized, suggesting that heat had been relatively low, or that oxidization had been lost. The small 
size of these features, the relatively low heat they were exposed to, and the associated manos and metates ar-
gue for a primary function related to parching seeds. This interpretation is supported by the fact that these fea-
tures typically are found in an environment where grasses and weedy annuals would be the only edible plants. 
Macrobotanical analyses demonstrated the use of mesquite, acacia, and creosote bush as firewood, and the few 
identified charred food-plant parts included cheno-am seeds and grass grains. Cheno-ams and Asteraceae found 
in the pollen assemblage were other indicators of what might have been processed. Most of the few pits that 
did show oxidization were larger and, based on macrobotanical analyses, largely resulted from baking cholla. 

Based on surveys in the Chihuahuan grasslands, Vanderpot (1997:39–41) defined a series of rock-pile fea-
ture types associated with grass procurement and processing along the San Pedro River on the lower bajada of 
the Huachuca Mountains. He suggested that the ubiquitous rock clusters represented short-term hearths used 
to provide embers to parch seeds; circular stone features were inferred to be basket rests; and stone pavements 
were linked to short-term seed storage in containers, parching, or thrashing. Ground stone artifacts were found 
in abundance near all types of seed-collection and seed-processing features. The overall land-use pattern con-
sisted of large central base camps surrounded by numerous seed-collecting and parching locales. Rock rings, 
paved areas, and thermal features at the base camps suggested other plant-processing activities, including bak-
ing and storage. The base camps, in turn, were tethered to larger habitation sites located nearby along the San 
Pedro River. This subsistence economy, based on wild cereals, endured from the Late Archaic period into the 
Ceramic period. Storage facilities at the lower bajada base camps were interpreted as logistical collection cen-
ters for wild-grain procurement, presumably in the late summer. The concentric arrangement, extending from 
outlying seed-parching locales to logistical work camps to central collection areas, functioned as a giant funnel 
that channeled bajada resources to the riverine habitation.

Seed-parching or seed-toasting features are common in Old World archaeology. Typical and ubiquitous 
components of Egyptian and Near Eastern sites associated with wild-grain collection are thermal features con-
sisting of FAR located in pits or simply resting on the surface. The small roasting pits or hearths have been 
interpreted as features where wild grain was roasted or parched over heated cobbles (Braidwood and Howe 
1960) or where cereal glumes were placed on hot rocks to render them brittle for threshing (Van Loon 1966). 
An alternative processing method from northern Anatolia mirrors the Native American technique of burning 
bundles of sacaton grass on a rock surface. Sheaves of wheat were spread over a stone threshing floor and ig-
nited, after which the ash was removed by fanning, followed by winnowing and sieving to separate the grains 
(Hillman 1984). Clearly, processing methods and archaeological features associated with wild-grain consump-
tion in the Near East (and elsewhere in the world) are not very different from those of the U.S. Southwest.

Whatever the parching scenario, the parched seeds were then basket-winnowed (Step 5) and ground into 
flour using manos and metates, or perhaps for some species, ground with pestles and mortars (Step 6) (see 
Table 87). Winnowing would not leave any features or artifacts, but some charred seeds might be acciden-
tally lost and preserved in nearby trash-filled features. The flour could be mixed with a bit of water to make 
dough from which storable and transportable cakes could be formed (Step 7a) or gruel and beverages could 
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be made (Step 7b). In contrast to cakes made from mesquite pods or mesquite seeds, which needed no fire to 
harden, the cakes would then be roasted on top of a hot rock surface or in ashes or coal. Cakes could be quite 
large—Cocopah women made cakes from pigweed flour that were 2.5–5 cm (1–2 inches) thick and 17–25 cm 
(7–10 inches) in diameter—so these baking pits were likely 50 cm (20 inches) or more in diameter. If pre-
served, they would be medium-sized pits (50–75 cm [20–30 inches] in diameter by 30–50 cm [12–20 inches] 
deep), with oxidized walls and a fill containing FAR, ashes, and/or coals. Charred plant parts would include 
the fuelwood but no evidence of what kinds of materials (cakes) or taxa had been prepared. Making gruel or a 
beverage (Step 7b) involved adding much water and it may not have been an option for people using the proj-
ect area. In each case, flour was added to boiling water (in a basket or ceramic vessel), and a thermal pit was 
used to provide hot stones for boiling.

The last step involved storing the seeds (fresh or parched) or the cakes. Seeds would be stored in airtight 
baskets set on the ground or in seed jars placed in storage pits, and cakes might be wrapped in fiber material 
and also placed in storage pits. Thus, expected features are shallow and small nonthermal pits that would have 
served as supports for baskets and ceramic vessels, and deep medium-sized storage pits, which may be bell 
shaped or basin shaped, and thermal or nonthermal.

This review shows that a varied set of thermal and nonthermal features would result from the different 
small-seed–processing activities. Most subtle would be small, shallow nonthermal pits that served as rests for 
baskets or pots used in short-term storage (Step 2) or as supports for metates and mortars (Step 6); none of 
these features would retain evidence of their specific function. Larger pits used for long-term storage of cakes 
and perhaps seeds (Step 8) might be well-defined, bell-shaped or basin-shaped pits, with or without oxidized 
walls. Most abundant would be the various features associated with parching (Steps 4a–d). All of these would 
be thermal features, including oxidized surfaces without FAR (Step 4a), oxidized surfaces with FAR (Step 4b), 
and oxidized pits with FAR (Steps 4c and 4d). The thermal surfaces are expected to be quite large (2–3 m2 
[7–10 square feet]), but the pits would be small and informal. Different types of thermal pits would result from 
Steps 3 (pit-baking saltbush seeds) and 7a (baking flour into cake). Pit-baking saltbush seeds would result in 
a small, relatively deep pit with remnant FAR, charcoal, and charred saltbush seeds. Pits used to bake cakes, 
done on hot ashes, coal, or rocks, might be 50 cm (20 inches) or more in diameter and 30–50 cm (12–20 inches) 
deep, with oxidized walls and a fill containing FAR, ashes, and/or coals. Charred plant parts would include the 
fuelwood but no evidence of what kinds of materials (cakes) or taxa had been prepared. Artifacts associated 
with the various steps would be primarily the basin metates and manos (and perhaps mortars and pestles for 
some species) needed for Step 6. Ceramics can be expected from parching (Step 4d) and storage (Steps 2 and 
8). Diagnostic macrobotanical materials would be the charred seeds and other plant parts resulting from Steps 3 
(baking saltbush seeds) and 4a–d (parching). Charred grass seeds are often fragmented, however, hindering 
identification. In most cases, no pollen would be expected, except from Steps 1b (thrashing), 2 (storage), and 4a 
and 4b (parching). Most pollen is likely to preserve in areas where harvests were cleaned and stripped of chaff 
or where entire inflorescences were parched. Grass pollen grains are rarely distinguishable below the family 
level, with maize being a notable exception. Pollen of other seeds is easily recognized, however, such as that of 
Indianwheat (plantain), which was identified in 21 percent of the project samples (see Chapter 7, this volume).

Cholla

Cacti, in particular saguaro and cholla, and succulents such as agave and yucca, were an important part of the 
indigenous diet. Cacti provided edible buds, stems, fruits, and seeds. Ethnographic accounts suggest that ther-
mal processing of certain succulents, such as cholla buds, saguaro fruit, and agave, took place near the source. 
Harvested cholla, in particular, is heavy and bulky—not a resource that people would have wanted to carry over 
long distances. Saguaro grows and would have been processed on the upper bajada, a considerable distance 
from the project area. No reproductive parts of saguaro were found in the project’s macrobotanical samples, 
and it is unlikely that saguaro was processed at the project sites. As discussed above, the main aboriginal focus 
within the Luke Solar project area was the mesquite harvest, which came before—not after—the saguaro har-
vest closer to the mountains. If people came to the project area after the saguaro harvest, it would be strange not 
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to find charred saguaro seeds in the project samples. They would undoubtedly have carried their fresh saguaro 
products with them to their next stop. Agave is one of the most important desert succulents used for food in 
the U.S. Southwest. Agave grows in the White Tank Mountains, some 15 km (9 miles) from the project area, 
a distance too far to carry these heavy plants back to the project sites for processing. There is no evidence of 
agave in the project macrobotanical samples. Of all these desert succulents, only cholla would have grown 
near the project area in numbers significant enough to procure them for processing at the project sites. Cholla 
pollen was encountered in the project’s pollen samples. 

Cholla buds were collected in May and June before the monsoon rains, and the fruits were collected in 
late summer. The buds were favored over the fruits. Basketfuls of buds were carried to the roasting location, 
and the only material culture used in collecting and processing cholla, in addition to the rocks in the baking 
pit, were wooden tongs and coiled baskets. Archaeologically, the presence of cholla-processing camps can be 
inferred from isolated, medium-sized roasting pits, frequently rock lined, and on the surface, visible as piles of 
FAR (Goodyear 1975:65–76). In favorable circumstances, the pits might contain cactus spines, seeds of ink-
weed or seepweed (plants used for steaming), low frequencies of cholla pollen, and, of course, FAR, ashes, and 
charcoal (Greenhouse et al. 1981). Experimental reconstruction of a cholla-roasting pit, followed by excava-
tion 1 year later, revealed the deficiencies of relying on pollen analysis to determine pit function (Greenhouse 
et al. 1981). Contamination was caused by pollen from plants such as creosote bush and Mormon tea (Ephreda 
spp.) that were attached to the collected buds before processing. Furthermore, the spines were usually removed 
from cholla buds before roasting (Curtin 1949:58; Thackery and Leding 1929:414). Roasting pits for cholla 
buds are expected to be sufficiently large (about 1 m [39 inches] wide by 0.5 m [20 inches] deep) to have al-
lowed roasting of a worthwhile quantity of food. Whether artifacts would be associated with such features is 
questionable because of issues of preservation. The wooden tongs and baskets noted in ethnographic accounts 
would not have survived in the archaeological record. Also, because cholla is usually transported as plant parts, 
as opposed to liquid syrup, no ceramic vessels are expected, except in the cases where buds were boiled in a 
stew. Flaked stone tools are not needed to process cholla, but one would expect metates and manos to have 
been used in the rare cases where the dried buds were prepared to produce meal. 

Greens and Berries 

The project’s paleobotanical studies suggest that leafy wild vegetables, greens, or desert spinaches, such as 
amaranths, chenopodium, purslane, horse purslane, saltbush, and wild buckwheat were prepared at the sites. 
These plants were available from April though September. Preparation methods varied, but most were eaten 
fresh, eaten like spinach, added to stews, or cooked in soups; none were stored in any fashion. Some of the 
plants were baked on hot coals, with the greens rolled into balls or made into thick layers, and then eaten. In 
the archaeological record, this baking activity would appear as an oxidized surface or shallow and relatively 
wide oxidized pit, containing the charred remains of the plants that were processed amongst the charcoal. 

Wolfberry and hackberry fruits may also have been prepared at the project sites. Berries were collected 
(using baskets) from June through August and eaten fresh, sun-dried, boiled, and ground into flour on a 
metate. This flour could be mixed with water and baked into cakes. Another way was to just dry the berries 
and hydrate them later, perhaps the preferred method in the water-poor project area, along with eating them 
fresh. Archaeological signatures would be manos and metates with diagnostic plant residue and charred re-
mains of the berries in trash deposits in features.

Animals 

Archaeological signatures of animal-procurement and animal-processing sites include faunal bone; diagnostic 
flaked stone tools, such as scrapers, bifaces, and projectile points; and thermal features. Apart from projectile 
points and debris related to the making and refurbishing of lithic tools, material culture used in game procure-
ment tends to be perishable and difficult to recognize. Faunal bone of small animals is often underrepresented 
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because bone could be ground down on metates and eaten. Larger animal bones may be fragmented because 
of the custom of breaking bones down to extract the marrow. The project’s faunal remains indicate that the site 
occupants focused primarily on cottontails and jackrabbits consistently over time. In the project area, game 
procurement appears to have been opportunistic, although it is possible that social drives were held, such as 
those well documented for groups staying on the bajada in late spring and summer (Rea 1998:49–53). Drives 
resulted in catching dozens of cottontails, rabbits, and rodents, all baked in a celebratory, communal pit. Leporids 
were cooked by (1) broiling or roasting on top of hot coals in a surface fire or in a shallow pit, or skewered on 
a stick above; (2) baking in underground pits; or (3) boiling or stewing (Rea 1998:87–91). Boiling and stewing 
may have been too water-intensive for the project sites, which would leave broiling/roasting and baking as the 
most likely meat-cooking scenarios. All of these activities would have required some kind of thermal feature, 
which might still contain burned faunal bone. Communal roasting pits for meat would have been large enough 
(1 m [39 inches] diameter or more) to cook dozens of animals at once; other roasting pits, used by individual 
families, would have been small to medium sized. 

Summary and Conclusions 

Processing Steps and Signatures

A review of the ethnographic literature has helped identify different series of food-processing steps likely 
practiced in the Luke Solar project area, as well as possible associated archaeological signatures. This ex-
amination started with a wide set of ethnographically important plants, and then by process of elimination, 
this set was narrowed to only a few key plant taxa. Of the various plants reviewed above, only mesquite, 
small-seed–bearing plants, and cholla are fully considered. Other succulents, berries, and greens are not, 
either because they are not found near the project area, or because they were not important in the overall 
subsistence economy at the project sites. Animal processing was also touched upon, but not at great length 
because it was only of minor importance in the project area. Each of the plants described above was col-
lected and processed using a distinct set of tools and behaviors, and different behavioral sets for each plant 
would have left a distinct impression in the archaeological record. Thus, it is possible to infer the types of 
archaeological features and associated artifacts that together form a signature for a given plant-collecting 
or plant-processing activity. Now, in conclusion, summaries are presented concerning the four most rele-
vant signatures expected at the project sites: features, FAR, ground stone, and paleobotanical materials. For 
reasons explained more fully above, flaked stone and ceramics are not considered. Also not considered are 
processing methods that would have required large amounts of water. 

Features 

As discussed above, for this signature we considered only ideal preservation circumstances in which features 
were perhaps cleaned out to obtain the processed food but were only minimally disturbed after that time. 
Thus, these ideal features would retain all their diagnostic traits such as FAR and charred plant materials. 
Although this is rarely an archaeological reality, certainly not at habitation sites or intensively used process-
ing camps, it is the only way to construct a behavioral baseline. In classifying features, presence or absence 
of oxidization (thermal or nonthermal) and FAR are considered, and so are associated ground stone and di-
agnostic paleobotanical materials. Table 88 lists the feature types that would have preserved at the project 
sites under ideal conditions. Eight of the feature types used for plants are thermal (oxidized) and seven are 
nonthermal (not oxidized). Nonthermal features are all pits used for storage (n = 3), ground stone supports 
(n = 2), as mortars (n = 1), and as cake molds (n = 1). Thermal feature types include surfaces and pits that 
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served for storage (n = 1), parching (n = 4), and baking (n = 3). FAR is associated with six of the thermal 
feature types, but with none of the nonthermal types. Ground stone is associated with three of the nonther-
mal feature types, and with none of the thermal types. Charred remains of edible plants are associated with 
one of the nonthermal types (storage of parched mesquite pods) and with all but one (cake baking) of the 
thermal feature types. Fuelwood for the thermal features is not considered because these woods (mesquite, 
saltbush, creosote bush, ocotillo, and/or saguaro) provide no evidence concerning the plant processed. Di-
agnostic pollen is only expected in two of the thermal feature types: the two surfaces (with or without FAR) 
on which whole seed-bearing plants or their inflorescences were parched. Diagnostic plant residue may re-
main on all of the ground stone artifacts. 

Thus, there were possibly five basic functions of plant-processing features: parching, baking, grinding 
support, cake forming, and storage. Most of the nonthermal features likely served as basket rests (small to 
medium-sized shallow pits) (Feature Types 1 and 2), mortar or metate rests (small shallow pits) (Feature 
Types 4 and 6), mortars (small deep pits) (Feature Type 5), storage pits (deep medium-sized, bell-shaped, or 
basin-shaped pits) (Feature Type 3), and perhaps cake molds (small but deep elliptical pits) (Feature Type 7) 
(see Table 88). Based on the project research, the parching of mesquite pods or seeds and all small seeds 
was likely the most common thermal activity in the project area. Being so common, it is not surprising that 
pod and seed parching each used four different methods, in turn corresponding to four feature variants. For 
mesquite pods, these parching methods are (1) toss in a basket with hot coals, (2) stir in large ceramic vessel 
on hot coals or rocks, (3) toast on hot earth, and (4) toast on hot stones. For seeds, they are (5) toss in bas-
ket with live coals, (6) stir in ceramic vessel on hot coals or rocks, (7) burn bundles of seed-bearing plants 
on cleared surface, and (8) toast seed-bearing plants on hot rocks. Expected feature types would be differ-
ent for each of these methods, thus resulting in eight types. But the two sets of methods (for parching pods 
and seeds) can easily be collapsed into a single set of four types—each possibly containing charred pods or 
seeds—by combining Steps 1 and 5 (thermal pit with FAR), Steps 2 and 6 (thermal pit with ceramics and 
FAR), Steps 3 and 7 (thermal surface or pit without FAR), and Steps 4 and 8 (thermal surface with FAR). 
If Steps 2 and 6 are eliminated, because they involve ceramics, three basic types of parching features are ex-
pected in the project area: small thermal pits with FAR (Feature Type 9), large thermal surface or pit without 
FAR (Feature Types 10 and 12), and broad thermal surface with FAR (Feature Type 11) (see Table 88). Each 
of these might contain charred pods or seeds, and the last two might also contain pollen evidence of the 
kinds of seeds that were processed.

Baking was likely the second-most-common thermal activity at the project sites, done to make cakes, 
remove the salty taste of saltbush seeds, prepare cholla buds, and cook meat. Baking cakes was primarily 
from the flour of seeds. Although it was sometimes done for mesquite-pod flour, it was not necessary to do 
this because these cakes hardened by themselves. Thus, four types of baking pits are expected, resulting 
from (1) baking cakes (Feature Type 13), (2) baking saltbush seeds (Feature Type 14), (3) baking cholla 
(Feature Type 15), and (4) cooking meat (Feature Type 16) (see Table 88). Cake-baking features would be 
small to medium-sized thermal pits, containing FAR, charcoal, and/or ashes. No paleobotanical evidence 
would remain to identify the plant species that were prepared. Baking pits for saltbush seeds would also 
be small, relatively deep thermal pits, with or without FAR, and contain saltbush seeds among the charred 
materials. Cholla-baking pits would be medium-sized thermal pits, possibly rock lined, and contain FAR, 
charred cholla buds, and cholla pollen. Finally, meat-baking pits would be small to medium-sized thermal 
pits, with or without FAR, and containing burned faunal bone.

These are all ideal feature types, of course, and the reality of the project sites paints a different picture. 
The excavated pits had nothing in their fill to indicate what plants or animals had actually been processed 
in them, only redeposited trash. All that can be demonstrated is that certain plants and animals were pro-
cessed in certain site areas at certain times. Feature size can say something about specific activities. Thus, 
the project’s small thermal pits likely were used for parching (by providing embers), baking saltbush seeds, 
baking cakes, or cooking meat. Medium-sized thermal pits might have been used for parching (on hot earth 
or hot rocks), baking cholla buds (with rock lining a good hint), or cooking meat. Some medium-sized and 
large thermal pits, in particular those with a formal basin or bell shape, likely were used for storage. Thermal 
surfaces would have been used for parching mesquite pods or small seeds (still on whole plants). The great 
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majority of these thermal pits and surfaces would have been used for parching, either by providing embers 
or by forming a toasting context. 

With regards to the functional difference between thermal and nonthermal features, it is good to reiter-
ate that some thermal features had no thermal function. In fact, some thermal pits, such as basin-shaped and 
bell-shaped storage pits, may have oxidized walls and bases because they were purposely made harder by 
oxidizing them with fire. On the other hand, some of the features classified as nonthermal may have been 
thermal features used with low heat and therefore had no evidence of fire. As an aside, the mechanical strip-
ping used to expose the features undoubtedly truncated the features making them shallower than they were 
originally. How well thermal features preserve is an important question. If they did not necessarily have to 
be very deep pits—many may have been shallow or even surficial—a cluster of FAR in or near the feature 
may be all that remains. Oxidization may have been so light that it could have easily eroded away or been 
destroyed by burrowing insects and rootlets. Rocks used in the feature may not even have been affected 
much because the heat needed for parching may have been short-lived and/or relatively low. Of course, on 
sites like those of the project area, where every rock would be recycled, most rocks are expected to be fire 
altered. A problem (or just a fact) in the project area is that parching activities took place in the same area 
for thousands of years, thereby clouding our ability to identify individual activities. In particular, it was of-
ten impossible to determine what FAR originally belonged to what feature. 

Fire-Affected Rock 

Besides oxidized surfaces, thermal activities at the project sites were indicated by the presence of FAR, char-
coal, and other charred plant materials, ashes, and burned faunal bone. As a rule, these materials were found 
outside of their original context as secondary deposits in extramural pits, structure fill, and middens. Most 
of these materials are lightweight and travel easily across a site, and their place in space is no longer very 
meaningful. But FAR would not have moved over long distances as easily, and thus its spatial distribution 
should be more meaningful. As will be shown in Chapter 10, looking at the distribution patterns of FAR can 
address various questions about thermal activities. For instance, it was suggested above that most parching 
required only low heat, such as a fire in a small pit, choked with rocks to maintain a small but steady set of 
embers. Based on excavated examples in the BMGR East (Heilen and Vanderpot 2013b), such features often 
do not retain evidence of oxidation. Could this also be the case with features in the Luke Solar project area? 
Did some of the small pits identified as nonthermal actually have a parching—and thus thermal—function, 
with oxidization either never present or not preserved? Because parching was such an important activity at 
the sites, it would be good to know whether features classified as nonthermal may have resulted from parch-
ing. There are two ways to address this issue, although neither provides a conclusive answer. The first is to 
argue that the silt-dominated texture of the sediments in the project area causes even the smallest fire to leave 
an area of oxidized soil. This hypothesis was inadvertently tested during fieldwork by using a small metal 
barbecue, elevated approximately 30 cm (1 foot) above the ground, which created a red oxidized surface 
after only 30 minutes. What we do not know, however, is if this stain will remain if exposed on the ground.

Another way to address this issue is by looking at the distribution of FAR across the project area. Be-
cause FAR would not have moved far from its location of last use, we can assume that the greatest densities 
of FAR would be in areas that experienced the most intensive thermal activities (e.g., parching and bak-
ing). After identifying these “hot spots” of intense parching or baking, we can look at the co-occurrence of 
FAR and different kinds of extramural features. Can the FAR distributions help determine whether some, 
or many, or most of the small nonthermal pits were parching features? One would expect that areas with 
large numbers of small nonthermal pits would have low densities of FAR, whereas most thermal features 
(except for storage pits) would be found in areas with high densities of FAR. In this scenario, the small 
nonthermal pits are assumed to represent basket rests (storage) and mortar or metate supports (grinding), 
and most of the thermal features (oxidized pits and surfaces) represent parching features. But what if small 
nonthermal pits are also associated with high densities of FAR? It could mean two things. First, it might 
mean that most of these features were ground stone or basket supports and these grinding or storing activities 
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went hand in hand with the parching or baking activities. This scenario makes sense, because why would 
temporary storage (before and after parching), parching, and grinding not happen in the same place? On 
the other hand, it could also mean that parching resulted in large quantities of FAR but not in much oxidi-
zation of the feature surfaces because only low heat was used. Given the low heat, rocks would not have 
been thermally altered much if used only once or twice (such as on the BMGR East, where many of these 
features contain little or no FAR [Heilen and Vanderpot 2013b]). In this case, thermal features hide under 
a nonthermal mask. But in the project area, rocks would have been reused time and again, and ultimately 
all would be FAR. Be that as it may, at this juncture, if high densities of FAR are found near small non-
thermal pits, it only indicates that these features were associated with parching, not that they were actual 
parching features. This and other FAR-related issues are explored further in Chapters 10 and 11. Some of 
the questions asked about the FAR distributions and pursued in those chapters are:

1. Where were the highest densities of FAR? This should show where most of the thermal activities 
(e.g., parching and baking) took place.

2. Did the greatest concentrations of FAR also correspond to the greatest concentrations of thermal features? 

3. What was the distributional relationship between FAR and nonthermal features? 

4. How did the volume of collected FAR compare to the volume of thermal pits?

5. What was the co-occurrence of FAR and the various ground stone types?

Ground Stone 

Expected ground stone tools for mesquite processing are mortars, pestles, metates, and manos, many of 
which had been cached prehistorically and then collected during data-recovery excavations at the project 
sites (see Chapter 3, this volume). Mortars were of at least two kinds: large and small. Large mortars were 
used for pounding mesquite pods while in a standing position, and these would have been used when pro-
cessing large quantities of pods. These large mortars and accompanying large and long pestles were often 
made of wood, or a combination of wood and stone. Because wood has not preserved, the project sites only 
retained a partial signature of this activity—the stone tools. Thus, the large stone mortars and pestles were 
the only artifacts representing this signature in the project collection. The second round of pounding in mes-
quite processing—cracking the seed endocarp—was done with smaller mortars and pestles, and these were 
always made of stone, never of wood. If mesquite seeds were processed at the sites, as argued above, the 
bulk of this signature should be contained in the project’s mortar and pestle collection. In particular, mortars 
made of an abrasive stone, such as vesicular basalt, would be good candidates for this signature. Of course, 
smaller mortars and pestles would not only have been used for cracking endocarps, they could also have been 
used for pounding mesquite (smaller quantities), in which case there likely would have been a combination 
of stone and wood (stone pestle in a wooden mortar or a stone pestle in a wooden mortar). Smaller mortars 
and pestles could also have been used for grinding small seeds (for certain species or special uses, where a 
metate and mano would not work so well), in which case they would likely be made of a finer-grained stone. 
The best way to crack the mesquite endocarps is not the simple downward-pounding motion used when 
crushing mesquite pods (which would result in the hard and smooth endocarp-coated seeds flying out of the 
mortar), but a simultaneously twisting and crushing motion. Above, it is argued that a somewhat flattened 
pestle—like the Lukeoliths and certain ethnographic examples— might have been the best tool for the job. 
Chapter 11 will explore how Lukeoliths may have been used in this process.

There are still questions on the use and functions of the various types of mortars and pestles. What were 
the functional differences between the large and small and the vesicular and fine-grained mortars? What 
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purposes were served by the different pestles—long cylindrical; conical, small, and squat; and flattened 
Lukeoliths? Use wear on these grinding implements might hint at grinding patterns, but only plant-residue 
analysis can tell us what kinds of plants were processed; pollen washes have not been much help (see Chap-
ter 7, this volume). As shown by Schneider and Bruce (2009 [http://www.scahome.org/publications/proceed-
ings/Proceedings.23Schneider.pdf]), mesquite protein residue can be identified even on compromised sur-
faces such as exposed bedrock mortars. The types of metates and manos expected would be simple shallow 
or deep basin metates and their associated manos, used to grind mesquite pulp, mesquite seeds, and various 
small seeds, as well as a variety of other foods, including small animals.

Paleobotanical Materials 

Macrobotanical materials that are diagnostic for plant processing at the project sites would be charred mes-
quite pods and seeds, seeds and other parts of small-seed–bearing plants, and cholla buds. Macrobotanical 
remains can be expected in all types of thermal features (except those used for baking cakes and storage), but 
in none of the nonthermal features. Charred grass seeds are often fragmented, hindering identification. No 
cultural pollen is expected to have remained from processing mesquite because the trees had already flowered 
weeks prior to the harvest. The only chance of finding associated pollen would be if it were the blossoms that 
had been prepared, or if pollen still had clung to the green pods in instances when these were prepared. Most 
pollen of small-seed–bearing plants is likely to preserve in areas where harvests were cleaned and stripped 
of chaff or where entire inflorescences were parched. Grass pollen grains are rarely distinguishable below 
the family level, but pollen signatures of most other small-seed–producing plants are easily recognized.

Plant Use and Seasonality 

If the present study has shown one thing, it is the unique potential of the project sites to contribute to the 
often-mysterious workings of mesquite processing. The project area contains not just a huge and highly spe-
cialized mesquite-processing camp, but this camp was at times residential in nature and it primarily dates to 
the Middle and Late Archaic periods. The same subsistence strategy persisted throughout this time period, 
and mesquite was likely the primary food source being targeted. This means that we can view a specific-plant 
economy not just—as is so often the case with residential sites—through a kaleidoscope of myriad activities, 
but with a single focus, and this over a time span of five millennia. The Luke Solar project has provided a 
unique archaeological opportunity; it is the first time in the U.S. Southwest that mesquite processing can be 
isolated and studied over such a long period of time, unclouded by background noise. The fact that most of 
the activities occurred during the pre-ceramic Chiricahua phase (3500–1200 b.c.) is also helpful (except for 
ceramic analysts, of course), because by eliminating this artifact class a better focus is obtained on the activ-
ity (grinding) as opposed to containment (storage). In mesquite-processing terms, it is the ground stone that 
holds the key to the actual activity. What makes studying mesquite so interesting is the option that not just 
the pods were being processed, but also that a second processing stage occurred—the little-studied scenario 
when the hard endocarps were cracked to obtain the seeds inside. In ethnographic accounts, hunter-gatherers 
have been shown to be more likely to process the seeds than agricultural people, and it is important to find 
out if the same was true for Archaic period groups. The difference between the two processing stages should 
show up in the ground stone assemblage. In particular, the mortars and pestles used should be different for the 
two stages. Mesquite storage options are a similarly important study. The end product of mesquite process-
ing was the cake made from the flour, baked or unbaked, which could be transported easily and stored well 
(a year or more). More than other flours (such as from small seeds), mesquite-pod flour needed to be made 
into cakes, and fast, because it spoils quickly in the high humidity of summer (monsoon rains immediately 
followed the mesquite harvest). Importantly, cakes could be consumed any time as gruel by breaking off a 
piece and mixing it with water. An important question is whether mesquite products (parched pods and cakes) 
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were stored long term at the project sites (throughout the winter) or only short term during processing. The 
data suggest that the latter was the case, with all product transported away when all processing was done. 

An important task of the study was to determine what seasons or months of the year the project area was 
used. It is argued that the mesquite bosque just south of the project area was the primary prehistoric attrac-
tion of the project area and also that the mature pods of this tree were harvested in June, in the dry summer 
season several weeks before the saguaro harvest. Together, harvesting and processing might take 4–6 weeks, 
and these tasks were largely completed before the start of the summer rains by the middle of July. Possibly, 
groups arrived in the project area some time prior to the mature-pod harvest to collect mesquite flowers 
and green pods, or to process cholla or small seeds. It is clear that the use of the riverine zone was limited. 
The adjacent lower stretch of the Agua Fria River is a volatile, braided river system with no true floodplain 
that is flanked by cobble-strewn terraces. There would be few edible plants other than some mesquite, and 
farming potential would have been minimal, although much further south (ca. 10 km) the Hohokam built 
several canals off the lower Agua Fria near its confluence with the Gila River (Ciolek-Torrello 2004:Figures 
31–34). Instead, the use of the adjacent riverine zone was primarily focused on obtaining stone to manufac-
ture flaked stone tools and grinding equipment. Through the lens of our project data, the river was primarily 
visited when people using the project area in June and July needed stone materials. It is easy to imagine that 
as soon as the mesquite harvest was done, and cakes and refurbished tools were packed for transport, these 
groups would head to the upper bajada and mountain flanks where the saguaro fruits had now ripened. Pos-
sibly, people followed the drainages and collected palo verde pods as they went along. Saguaro-processing 
camps would then be set up in specific areas, likely within easy walking distance from the rock tanks in the 
canyons, which provided the water needed for drinking, making pinole and atole, and processing saguaro. 
Following the saguaro harvest, which would take a few weeks at the most, the groups might set up base 
camps closer to the mountains and water sources from where they could procure mountain floral resources, 
including acorn and artiodactyls in the fall and agave in late winter/early spring. Stored grass-seed and mes-
quite cakes would form a sufficient food supply for the winter. From these camps, men would undertake 
hunting trips to procure the large game attracted to the water and grasses and other forbs. Rockshelters and 
other protected places served as overnight camps.

 It is this scenario, of course, which explains not just why the project sites contained no saguaro prod-
ucts (they would have if people harvested mesquite after the saguaro harvest), but also why they contained 
so much evidence of bifacial-tool manufacture and refurbishing but not the actual refurbished tools. Pro-
jectile points and animal-processing tools would be carefully curated for later use in the mountain zone. 
The attraction of the mountain and upper bajada zone from fall to spring becomes clear when comparing 
it to the other two zones of the catchment area: the lower bajada and the river. The lower bajada would be 
at its most attractive in early summer when grasses and various weedy annuals could be collected, as well 
as mesquite in places with special hydraulic conditions such as in the project area. But at other times of 
the year, this area had virtually nothing to offer. Although the river hosts riparian vegetation such as cot-
tonwoods and semi-riparian trees such as mesquite, the first had little use, except perhaps to use the trunks 
for mortars and the bark for steam-baking. Mesquite would have been found only sporadically along the 
boulder-strewn bank; there were no concentrated stands such as found in the project area. The absence of a 
nearby floodplain conducive to a dense growth of plants also limited farming, thereby explaining why not 
one charred maize fragment was found in the project’s flotation samples (the only evidence for agriculture 
from the project area was a single maize pollen grain in a San Pedro phase structure). In sum, based on just 
the floral and faunal resources in the mountains, and on the presence of at least one mesquite bosque (and 
likely more), people using the White Tank Mountains and adjacent bajada and river possessed a rich and var-
ied subsistence base. Their procurement areas were largely on the upper bajada and in mountain zones, held 
in balance by mesquite-gathering areas on the lower bajada and perhaps also in concentrated places along 
the river. This discussion concerns the seasonal availability of resources on different parts of the bajada and 
mountains and only provides insight into mobility along vertical dimensions (i.e., across elevationally zoned 
biotic communities). This is only part of the seasonal movement of these groups, of course. Hunter-gatherer 
territory sizes were much larger, although the scale of mobility is difficult to assess. Horizontal movement, 
even within the same biotic community, was important also. Such lateral mobility is typically structured by 
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the productivity of one or more resources that may be widely distributed but not densely concentrated (such 
as grasses or seed-bearing annuals) or by resources that are clumped (such as mesquite at Falcon Landing). 
Use of the site appears to have been episodic, implying that there may well have been other resource locales 
on the lower bajada that, in particular years, were more attractive for foraging. More research is needed to 
determine how far small-seed collection on the lower bajada was subsidiary to the mesquite harvest and 
conducted only in the immediate area, or whether it was an economic focus in its own right. This notion, 
as well as other subsistence issues, are explored further in Chapter 11, including how the project data com-
pare to other indigenous mesquite-processing sites in the nearby region, and further away in Arizona, Texas, 
Mexico, and even in the Old World. 
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Site Structure and Land Use

Michael P. Heilen, Robert M. Wegener, Mitchell A. Keur, Eric E. Klucas, and John D. Hall

The contiguous 44-acre areal exposure achieved at Falcon Landing, and the additional mechanical stripping 
at surrounding Sites 68, 421, and 437, afford an unprecedented opportunity to examine questions pertaining 
to site-level use of space over a five millennium span of human occupation. This opportunity did not come 
without its share of challenges, both in terms of how the data were collected and the selection of appropri-
ate analytical techniques. Key among these challenges were establishing stratigraphic control and assigning 
each of the 3,006 features identified at Falcon Landing, of which 1,638 (55 percent) underwent controlled 
sampling, to a specific stratigraphic context (see Chapter 2, and Appendix 1.1). 

This chapter begins with a discussion of the various methods that were used over the course of the analy-
ses. It begins with a general discussion of the data that were selected, including feature and artifact typologies, 
and how these data were grouped into the various analytical units. This is followed by a discussion of how 
the temporal groupings used in the chapter were defined and how these processes impacted sample selec-
tion. The next two sections present the specific analytical methods used in the spatial and aspatial analyses, 
respectively. After the various methods have been established, investigation and identification of human be-
haviors inferred from these two data sets are presented, beginning with an examination of site-level patterns 
for each of the defined temporal groups and occupational episodes. This is followed by an examination of 
the spatial distribution of these data, providing a more fine-grained study of the use of space over time. We 
close the chapter with a synthetic discussion of the results of these analyses with an eye to what was learned 
as well as what additional questions were raised.

The Data

The analyses presented in this chapter employ the full range of feature and artifact data collected during 
the project excavations with a focus on the Falcon Landing site. To facilitate the analyses, several project-
specific typologies, both morphological and functional, were developed. The individual typologies used in 
this chapter are discussed below.

Pit Types

By far, the single largest class of features investigated at the Luke Solar sites was the extramural pit of vari-
ous forms. Although treated in detail in Volume 1, a summary of the classification of pit morphology used 
for the Luke Solar project is presented here. All excavated extramural pits that provided a controlled sample 
were placed into one of 16 mutually exclusive pit classifications based on four attributes: in situ burning, 
profile shape, volume, and shallowness. In situ burning and profile shape were observed and recorded in the 
field and verified by the crew chiefs and project directors. Volume and shallowness were calculated post-
field from metrics recorded during excavation. Definitions for the individual attributes are listed below. The 
four attributes and their corresponding values were used to create a matrix of 16 pit classifications, named 
and described in Table 89.
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In-Situ Burning

In-situ burning was identified by oxidized sediments in the floor and/or walls of the pit, indicating high 
temperatures in direct contact with the pit. It has been assumed across the project sites that pit fill has only a 
casual relationship to the pit, most likely reflecting natural infilling. Thus, burned, or thermally altered, pit 
fill was not considered evidence of a thermal pit—only oxidation to the pit margins was sufficient to define 
a pit as “thermal.” The absence of oxidized margins defaulted this attribute to “nonthermal.”

Cross-Sectional Shape 

Pit cross-sectional shape was determined at the time of excavation. Bell-shaped pits proved exceptionally 
rare; of the 2,791 extramural pits encountered in the APE, only 36 were bell shaped (1.3 percent). Addition-
ally, the bell-shaped pits all shared a similar morphology in that they lacked “necks.” In other words, the pits 
began belling horizontally directly below the pit orifice, rather than maintaining a relatively narrow section 
for some depth before expanding. The remaining 2,755 pits were generally basin shaped in cross section. 
Basin-shaped pits exhibited their widest horizontal extent at the pit orifice, and then smoothly narrowed to 
the pit floor. There was some slight variation in cross section, with irregular, conical, and cylindrical cross 
sections represented. These irregular, conical, and cylindrical shapes accounted for only 7.7 percent (n = 213) 
of the identified cross sections.

Basin-shaped pits were assumed to express their widest horizontal area at the pit orifice. The walls of 
basin-shaped pits sloped or curved inward toward the pit floor. Bell-shaped pits were distinguished as hav-
ing walls that expanded horizontally from the pit orifice, before sloping inward toward the pit floor. Because 
certain functions are suggested by the morphology of bell-shaped pits, each bell-shaped pit was scrutinized 
by crew chiefs and project directors to verify the field observation. For the purposes of this attribute, all other 
pit cross-sectional shapes defaulted to “basin.” In reality, nearly every non-bell-shaped pit at Luke Solar was 
basin shaped in cross section.

Table 89. Morphological and Functional Typology of Extramural Pits

Pit Classification Pit Function Pit Attributes

TB1 cooking thermal, bell shaped, typical volume, shallow

TB2 cooking thermal, bell shaped, typical volume, deep

TB3 cooking thermal, bell shaped, atypical volume, shallow

TB4 cooking thermal, bell shaped, atypical volume, deep

TN1 cooking thermal, basin shaped, typical volume, shallow

TN2 cooking thermal, basin shaped, typical volume, deep

TN3 cooking thermal, basin shaped, atypical volume, shallow

TN4 cooking thermal, basin shaped, atypical volume, deep

NB1 storage nonthermal, bell shaped, typical volume, shallow

NB2 storage nonthermal, bell shaped, typical volume, deep

NB3 storage nonthermal, bell shaped, atypical volume, shallow

NB4 storage nonthermal, bell shaped, atypical volume, deep

NN1 processing/storage nonthermal, basin shaped, typical volume, shallow

NN2 storage nonthermal, basin shaped, typical volume, deep

NN3 processing/storage nonthermal, basin shaped, atypical volume, shallow

NN4 processing/storage nonthermal, basin shaped, atypical volume, deep
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Pit Volume

Pits were separated into four categories—thermal basin shaped, thermal bell shaped, nonthermal basin shaped, 
and nonthermal bell shaped—and feature volumes for each of these categories were examined for mean and 
standard deviation. Volumes that fell within one standard deviation above or below the mean were considered 
“typical” for that group; volume outside the first standard deviation (i.e., smaller than one standard deviation 
below the mean, or larger than one standard deviation above the mean) were considered atypical. The details 
of how volume was calculated are in Chapter 4, Volume 1. Pits missing the data required to calculate volume 
(such as “examined pits,” which had no recorded depth) were excluded from the sample on this attribute.

The consistency in pit cross-sectional shape (either generally basin shaped or “neckless” bell shaped) 
allowed us to apply uniform shape analyses to determine pit volume. Previous investigations (Graves 2011) 
combined linear measures of pit length, width, and depth to calculate cuboidal or cylindrical volumes. As 
discussed in Chapter 4, Volume 1, the basin-shaped and bell-shaped pits encountered at the Luke Solar sites 
resembled portions of a three-dimensional ellipsoid. A basin-shaped pit represents only the bottom half of 
an ellipsoid. The “neckless” bell-shaped pit represents a greater fraction of a complete ellipsoid, a propor-
tion somewhere between 50 and 99 percent of the calculation: 

where a, b, and c represent radius measures in each of the three dimensions. Thus, a is equal to one-half the 
diametric measure of maximum pit length, and b is equal to one-half the diametric measure of maximum 
pit width. Alternatively, surface areas of pit orifices were generated from feature polygons recorded by total 
station. This surface area may replace part of the expression as follows: 

The surface area of a pit orifice was produced by a fill method within the closed polygon of the pit and there-
fore accommodates the linear dimensions and the constant π inherent in all circular or subcircular shapes.

In the above volume formula, pit depth is represented by c. This value requires no additional modifica-
tion because, unlike maximum length and maximum width, pit depth is more closely analogous to a radius 
than a diameter.

The above formula for ellipsoid volume contemplates a subspherical ball shape. A basin pit, however, is 
analogous to the bottom half of that shape. Thus, the formula for determining the volume of a basin pit is: 

Unlike basin pits, the greatest length and width measures for a bell-shaped pit are below the orifice; the pit 
“bells” out from the orifice before sloping back in at the pit floor. The maximum length and maximum width 
of bell-shaped pits were recorded during excavation. Additionally, as noted above, bell-shaped pits represent 
a greater portion of the full ellipsoid shape than do basin-shaped pits. The ellipsoid volume formula was 
further modified to accommodate the ellipsoid proportion, a factor between 0.5 and 0.99 to represent the 
percentage of the full ellipsoid shape represented by the bell-shaped pit. The ellipsoid proportion was de-
termined by inspection of each bell-shaped pit’s cross section and applied on a case-by-case basis. The el-
lipsoid proportion not only affects the amount of a full ellipsoid represented, but also the extent to which 
the depth measure reflects c in the original formula. The resulting volume formula for bell-shaped pits is: 
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Pit Depth Index and Shallowness

Pits were also evaluated for the relationship between their horizontal area and depth, an attribute called 
“shallowness.” This was determined by way of an index that compared the horizontal surface area (as cal-
culated by mapping polygons or length and width measures) to an analogous vertical surface area, calculated 
from depth measures. For basin pits, the depth index was calculated as: 

The maximum horizontal area was typically a round or subround polygon generated when the pit boundary 
was mapped by total station. To calculate the corresponding vertical area, the depth measurement serves as 
a radius in the circle area formula A = πr2. Thus, if the horizontal area is larger than the vertical area, the 
depth index is less than 1.0, and the pit is “shallow.” Conversely, if the vertical area is larger than the hori-
zontal area, then the depth index is greater than 1.0, and the pit is “deep.”

Bell-shaped pits required different consideration in calculating their depth index. The horizontal area was 
calculated from measurements of maximum length and maximum width. As noted above, these measurements 
are analogous to diameter measurements. To comport with calculations based on radius, each measurement 
was divided by 2. The depth measurement for bell-shaped pits is greater than that of a vertical radius, by an 
amount expressed in the ellipsoid proportion. Thus, the ellipsoid proportion can act on the depth measure-
ment for a bell-shaped pit to produce a vertical measurement analogous to the length and width diametric 
measures, which is then halved to reflect a vertical radius. The depth index calculation for bell-shaped pits is: 
The result is the same as that for basin-shaped pits for determining whether the pit is shallow or deep.

It should be noted that shallowness is the relationship of the pit’s maximum horizontal dimensions to its 
maximum vertical dimensions. This attribute is self-referential and independent of other similar pits—a pit 
is shallow or deep based only on its own dimensions and morphology. This distinction is important in ap-
plying pit function, as what is “deep” varies according to the horizontal dimensions of the pit. Thus, there 
is no universal depth measurement, below which is “shallow” and above which is “deep.”

Pit Function

A second, functional typology of extramural pits was also developed based on the morphological attributes 
described above. Following Graves’s (2011:642) examination of extramural pits in the Queen Creek area, a 
simplified functional typology was employed here based on the directly observable attributes of the features 
themselves. This approach worked well for the features at the project sites because many of the attributes 
used to tease out more-specialized uses were not preserved or observable to result in reliable distinctions. 
In his typology, Graves (2011:651–654) identified four functions for nonthermal pits: storage, processing 
and/or storage, caches, and borrow pits. Caches were separated from pits in the Luke Solar data set and 
were identified in the field based on the presence of multiple pieces of usable flaked stone or ground stone 
tools. Less than 20 features were identified and excavated as caches, and they did not receive the geometric 
analyses applied to extramural pits. Thus, their size and shape attributes did not contribute to the sample 
from which statistical distributions were generated. 
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Applying this typology, all of the extramural pits identified at the project sites were assigned to one of 
three categories—cooking, storage, or processing/storage. Following the criteria outlined by Graves, all ther-
mal pits, regardless of diameter, cross-sectional shape or content, were classified as cooking pits, hereafter 
referred to as firepits in this chapter. All bell-shaped nonthermal pits and those pits that were deep, as deter-
mined by their depth index, were classified as storage pits. Finally, all nonthermal, shallow pits, regardless 
of diameter, were classified as processing/storage. Based on these criteria, each of the 16 pit types described 
above were assigned one of the three functions (see Table 89).

Artifact Types

As with the features, we chose a simplified typology for our examination of the collected artifacts and fau-
nal remains for aspatial analysis, and the following aspatial analyses concern only artifacts and faunal re-
mains collected from features that underwent controlled sampling. In this aspatial analysis, and based on 
the classification employed in Chapter 3, the stone artifacts were divided into the categories of flaked stone, 
ground stone, and FAR when examining the number and relative proportions of these artifact classes over 
time and between time periods. When examining the abundance and relative proportions of artifact types 
per cubic meter sampled and dated to a specific time period, flaked stone was divided into the categories of 
debitage and tools to assess the relative amounts of debitage vs. tools over time. Artifact density per cubic 
meter sampled was considered the best method to examine the relative abundance and proportions of the 
artifact classes over time in this analysis because calculating the density per cubic meter applies a common 
denominator that, in turn, standardizes the often disproportionate number of individual artifacts recovered 
from the sampled feature fill. The prehistoric component of the project faunal collection, as presented and 
discussed in Chapter 4, consisted almost entirely of minimally identifiable and intensively fragmented leporid 
remains. Substantial carbonate coating on these leporid remains made it exceedingly difficult to accurately 
quantify the number of burned or calcined bone fragments. As such, the faunal remains in the following 
analyses are presented as a single category, and no attempt was made to assess the relative amount of burned 
faunal remains per time period. 

Project Chronology

The establishment of temporal control at Falcon Landing, in particular, including the chronological placement 
of individual features, was perhaps the greatest analytical challenge of the Luke Solar project (Figure 98). This 
challenge was the result of several factors, including the massive 44-contiguous-acre areal exposure and the 
compressed, laterally complex site stratigraphy of the project’s lower-bajada setting, where features repre-
senting several millennia of occupation were contained within only approximately a half meter of deposition, 
along with budgetary constraints that significantly limited the number of radiocarbon dates that could be ob-
tained. These difficulties were addressed through the development of a detailed project geochronology that, in 
addition to identifying the geomorphological history of the project area, provided a mechanism for the relative 
dating of features that could not be directly dated either radiometrically or cross-dated by their direct associa-
tion with temporally diagnostic artifacts. The geochronology methods and results are presented in Chapter 2.

The age assigned to an individual feature depended in part on which of five dating methods, or cases, 
that could be applied. The selection of these methods was based on the relative position of a feature within 
the natural strata identified at the project area. This process is graphically presented in Chapter 1. The most 
precise of these cases, Case 1, refers to those features that were directly dated via radiocarbon. Because of 
the combination of a large number of features and limited resources, the percentage of features that were 
dated in this way was quite small. The following four methods were developed to assign a temporal range 
to those features that were not directly dated. 
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Figure 98. Temporal components, episodes, and phases.
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The second case, referred to as the coeval method, was applied if the feature was contained entirely 
within a single dated natural stratum. In such cases, the date assigned to the feature was identical to that of 
the associated stratum. Case 3, referred to as the overlying stratum method, was applied to those features that 
were located at the surface of a natural stratum. In these cases, the assigned date range reflected the latest 
date of the stratum the feature intruded into and the earliest date of the overlying stratum. Case 4, referred 
as the unconfined method, was applied to those features found on the surface of a natural stratum but with-
out an overlying stratum. In these cases, the feature could only be said to postdate the stratum into which it 
intruded. Case 5 was used for those cases where the overlying stratum was unfortunately not identifiable. As 
with Case 4, Case 5 features could only be said to postdate the stratum into which they intruded.

Because of the variability in the precision of the methods described above, the assigned date ranges for 
many individual features could be quite large, sometimes encompassing several archaeological periods or 
phases. As a result, the utility of these features for the examination of temporal trends was limited. For the 
analyses presented in this chapter, an effort was made to create analytical groups whose temporal range was 
as precise as possible. In the first analysis, features were assigned to one of the established regional chrono-
logical phases, if possible. In the second, features were assigned to more-precise temporal groups reflecting 
nine radiometrically defined occupational episodes derived from the available radiocarbon dates. The selec-
tion processes for these two groupings are discussed individually below.

Chronologic Components: Periods, Phases, and Transitional Intervals

As indicated above, the foundation of all temporal assignments of individual features at the project sites was 
the dating of the individual geomorphological strata discussed in detail in Chapter 2. As a means of maximiz-
ing the temporal precision of our analytical units for the aspatial analyses, individual features were included 
in the following analyses if their determined ages fell completely within the boundaries of a single period or 
phase in the regional chronology (see Figure 98 and Chapter 2, Volume 1). Exceptions were made in the case 
of features whose age exceeded the temporal boundary of a phase by less than a single generation, which 
we defined here as 30 years. An additional exception was made for four “transitional” intervals between the 
Chiricahua and San Pedro phases, San Pedro and Cienega phases, Cienega and Red Mountain phases, and 
the Classic and Protohistoric periods. Features were included in these transitional periods if their assigned 
ages straddled the temporal range of the two periods or phases but did not extend beyond their cumulative 
temporal ranges. The temporal groupings defined in this manner are referred to as dated transitional intervals.

Occupational Episodes

Based on terminology of the applied regional chronology (see Chapter 2, Volume 1), the use of the temporal 
components as described above did pose a number of limitations for the analyses that we hoped would de-
scribe and analyze contemporary phenomena. This was further compounded by the fact that the duration of 
the individual components was quite variable, limiting the kinds of direct comparisons that could be made. 
As a means of addressing these problems, an alternate method was employed. Although resulting in signifi-
cantly smaller samples than used in defining Occupational Episodes 0−9 in Chapter 2, the temporal group-
ings created by this method, also referred to here as occupational episodes, represent the most temporally 
precise groupings of the project data.

Based on an OxCal analysis of 97 radiocarbon-dated features, nine radiometrically discrete occupational 
episodes, labeled A−I, were defined for use in this chapter (see Figure 98). We did not include the earliest 
occupational episode defined in Chapter 2 because it was represented by a single feature. Because the date 
ranges used to define the occupational episodes were derived solely from the radiocarbon dates, the com-
ponents expectedly did not map directly to the preestablished regional cultural chronology, nor did they 
represent an unbroken period of time. The assignment of individual features to the occupational episodes 
followed the same general procedure as was used to assign features to the temporal components. If the geo-
logically determined date range for an individual feature was fully contained within the date range of a single 
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occupational episode, that feature was selected for analysis. In cases where the stratigraphic position of an 
individual feature resulted in a geologic age that exceeded the range of a radiocarbon occupational episode 
or encompassed more than one radiocarbon episode, the feature was excluded from the analysis. This pro-
cess resulted in 73 features, out of a total of 3,006 features at Falcon Landing, being assigned to one of the 
nine temporally discrete occupational episodes.

Aspatial Analysis Methods

For the aspatial segment of this study, the features and artifacts assigned to each period, phase, transitional 
interval, or occupational episode served as the units of analysis. Because of variability in the length of the 
temporal units, this was not without its challenges. For example, the Chiricahua phase represents approxi-
mately 2,300 years of intermittent occupation across the vast excavated area of the project sites. Treated as 
an analytical whole, temporal variability within the phase cannot be adequately examined. Where possible, 
assumptions made based on data from the temporal components were compared against data from the more 
temporally precise occupational episodes.

In the aspatial analysis, the number and relative proportions of features and feature types per temporal 
component and occupational episode were compared. Feature types used in the aspatial analysis included 
structures, FAR concentrations, and pits, classified under the functional pit typology established in Chap-
ter 4, Volume 1, and as presented above. The functional pit types used in this analysis included storage pits, 
processing/storage pits, and firepits. The number and relative proportions of features and feature types per 
temporal component and occupational episode were then used as proxies to examine potential changes in 
occupational intensity and site function over time to the extent practical. 

Artifact frequency and artifact density were also examined. Artifact counts and relative proportions were 
also calculated at the level of artifact class: all flaked stone, all ground stone, all faunal remains, all ceramics, 
and all FAR. These artifact classes were chosen as the units of analyses in order to have sufficiently large 
numbers of specimens to compare over time. Artifact densities were also calculated as a means of standard-
izing the unevenness in the amount of artifacts recovered and assigned to temporal component and occupa-
tional episode. In this analysis, the total cubic meters of feature fill assigned to each temporal component 
and occupational episode was used to calculate densities per m3 for all flaked stone tools, debitage, grind-
ing implements (manos and metates), FAR, faunal remains, and ceramic artifacts recovered from feature 
contexts assigned to a temporal component or occupational episode. Variation in the presence, absence, or 
abundance of different artifact types was then used as a mechanism to infer the relative frequency of specific 
on-site activities such as plant-food processing, biface reduction and maintenance, and faunal processing, 
and the frequency of activities involving thermal features and FAR. Taken together, the variance in the num-
ber and relative proportions of features and artifacts of different kinds provided a somewhat robust vehicle 
to assess the relative frequency of specific on-site activities and, in turn, site function, and how these may 
have changed over time. 

Spatial Analysis Methods

The spatial analysis methods applied in this chapter were used to document and interpret the spatial distribu-
tion of features and extramural artifacts at the Luke Solar sites according to temporal component and occu-
pational episode. We also evaluated spatial distributions of features and artifacts that could not be assigned 
to a temporal component to determine if there were major differences between the distributions of features 
and extramural artifacts assigned to a temporal component or occupational episode vs. those that could not 
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be assigned to a temporal component or occupational episode. Finally, we evaluated the spatial distribution 
of features according to stratigraphic context. 

To develop the data needed for analysis, queries were developed in the project database to compile attri-
bute data on features and extramural artifacts that could be joined with spatial data for features and extramural 
artifacts. For each aboriginal feature at Luke Solar, data were compiled in queries on the following attributes:

• feature code 
• feature type 
• feature morphology
• artifact frequency according to artifact class (ceramics, FAR, ground stone, flaked stone, and fau-

nal specimens)
• excavated feature volume 
• estimated feature volume (based on feature type and level of effort) 
• level of excavation effort (examined, sampled, partially excavated, or completely excavated)
• temporal component 
• occupational episode
• stratigraphic context

These aspatial attribute data were then linked to spatial data for feature polygons using the feature code. 
When linked, feature polygon area (in square meters) and Universal Transverse Mercator coordinates of 
feature centroids were calculated in ArcGIS to develop basic spatial data needed for analysis.

For extramural artifacts, we created a separate query in the project database that compiled, for each ex-
tramural provenience with one or more extramural artifacts, the following data:

• provenience code 
• artifact type 
• material type
• artifact count
• temporal component
• occupational episode
• stratigraphic context

Because some extramural proveniences contained multiple artifacts, there was not a one-to-one relationship 
between each provenience and extramural artifact. Because ArcGIS can only handle one-to-many relationships 
in joining attribute tables, we cross-tabulated the extramural artifact data per provenience and artifact type to 
produce a data set that provided information on the number of artifacts at each extramural artifact location, 
according to artifact type. These aspatial attribute data were then linked to spatial data for feature polygons 
using the provenience code. 

One of the basic questions we addressed was, were features and artifacts clustered or dispersed and at what 
scales did clustering occur? From a subjective visual perspective, feature or artifact distributions may often ap-
pear to be spatially clustered, but it can be difficult to unambiguously identify clusters using subjective methods. 
Often, features or artifacts will cluster at multiple scales and the intensity of clustering will vary according to 
scale. For instance, individual clusters may be composed of multiple smaller clusters, while they themselves 
are part of larger and more-inclusive clusters. The intensity of clustering at different scales may also vary. This 
makes it important to apply spatial statistics, where possible, to evaluate and describe clustering or dispersal 
in an archaeological data set.

To evaluate whether clustering occurred and to identify the spatial scale(s) at which clustering occurred, we 
calculated Ripley’s L for features using the Multi-Distance Spatial Clustering (Ripley’s K) tool in ArcGIS 10. 
Designed to identify patterns of clustering or dispersion at different spatial scales, Ripley’s K calculates the 
expected average number of neighbors (K) for any given point within a point pattern––in this case, the distribu-
tion of feature or artifact locations––at successively larger regular intervals of a particular radius. Confidence 
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intervals for significance can be generated using multiple Monte Carlo simulations of a random point pattern 
with the same number of values as the data set (Conolly and Lake 2006:166). Finally, these expected values of 
K are compared against observed values to identify both the intensity of the clusters present in the data set and 
the distances at which these clusters exist. The K functions for a particular data set can then be illustrated us-
ing Ripley’s L, a common transformation of K that plots spatially random patterns (L = 0) as a horizontal line. 
Values above this line indicate clustering at a particular distance (d), whereas values below the line indicate 
dispersion. Statistical significance is indicated if values fall above or below the confidence interval bracketing 
the line at a given distance. 

The Multi-Distance Spatial Clustering (Ripley’s K) tool requires that features be represented as points in 
order to make calculations. Thus, we used feature centroids to represent feature locations when running the 
tool. In general, Ripley’s K estimates were calculated using 50 intervals from 5 to 250 m, using 5-m increments. 
This resulted in calculations being made every 5 m at scales between 5 and 250 m. Confidence envelopes were 
calculated using 99 iterations. We then examined Ripley’s L to identify the range of scales over which cluster-
ing occurred and to evaluate the intensity of clustering at different scales. Interestingly, Ripley’s L showed that 
features for many temporal components clustered across a broad range of scales but were often most intensively 
clustered at scales of approximately 50 m. Some temporal units also had feature distributions that appeared 
to be distinctively clustered at multiple additional scales, such as at scales of 15 m, 30 m, or 80 m. Informa-
tion on the scales and intensity of clustering was subsequently used to guide other analyses that relied on the 
specification of fixed distances for calculating other metrics, such as kernel density calculations (see below). 

In comparison to features, extramural artifacts assigned to temporal components were typically few in 
number, resulting in low sample sizes for calculating Ripley’s L. However, in order to get a sense of whether 
these artifacts were clustered or dispersed in space and the degree to which they were clustered or dispersed, 
we used the Average Nearest Neighbor tool in ArcGIS to calculate the Nearest Neighbor Index (NNI) for ex-
tramural artifacts. The Average Nearest Neighbor tool calculates the observed and expected distance between 
nearest neighbors in a point distribution. The NNI is then calculated by dividing the observed distance by the 
expected distance. Values below 1 indicate that point distribution is clustered (i.e., points are located closer to 
one another than expected), and values above 1 indicate that a point distribution is dispersed (i.e., points are 
located farther from one another than expected).

Another question was, how did the intensity of feature construction vary across the project sites, accord-
ing to temporal period, as well as overall? Such information could aid in identifying locations where activities 
that involved features had been focused during particular periods. To do this, we needed to calculate the total 
volume of each feature as a proxy measure for the effort placed in feature construction. The total volume of 
features that had been partially or completely excavated had already been estimated during prior analysis, but 
the volume of features that had only been examined, but not completely excavated, had not been estimated. 
Thus, in order to estimate the intensity of feature construction across the project sites, we needed to estimate 
the volume of examined features so that all features for a given temporal component could be assigned an es-
timated feature volume. This was achieved by examining, for each temporal component, the relationship be-
tween feature polygon area and feature volume for completely excavated features. Analysis revealed that the 
volumes of excavated features could be estimated well using a power law relationship where feature volume 
(m3) was treated as the dependent variable and feature polygon area (m2) was treated as the independent vari-
able (Table 90). 

Power law relationships, also referred to as allometric relationships, are common in biological, hydrologi-
cal, and social systems and are commonly used to describe relationships in which the independent and depen-
dent variables change at different rates (Heilen 2005; West et al. 1997). Power law relationshpis take the form 
of the equation y = kxα, where y is the dependent variable, k is a coefficient, x is the independent variable, and 
α is a scaling exponent. Such relationships appear as curved lines when plotted on graphs but approximate a 
straight line on log-log plots. When α = 1, both x and y change at the same rate and hence describe an isomet-
ric relationship. Relationships are allometric when α ≠ 1. When α > 1, x components grow at a faster rate than 
y components. Such relationships are referred to as hyperallometric relationships. When α < 1, y components 
grow at a greater rate than x components. Such relationships are referred to as hypoallometric relationships. 
Power laws are more effective in describing the relationships between excavated feature area and feature volume 
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for the current study because the relationships between the two variables approximate a power law distribution 
rather than a linear, exponential, or other relationship.

Power law equations describing the relationships between excavated feature volume and excavated feature 
area were calculated for each temporal component for which a sufficiently large sample of excavated features 
was available. Small sample sizes or a lack of examined features prevented such calculations from being made 
for San Pedro/Cienega, Red Mountain, and Classic period temporal components. Power law relationships be-
tween feature volume and feature polygon area could be estimated, however, for the remainder of temporal 
components as well as for undated features. The resulting relationships were, in general, moderate to strong, 
with r2 values ranging from 0.74 to 0.94 (see Table 90). Exponents in these relationships tended to be slightly 
above or below 1, but varied among components. 

These relationships were used to calculate, in ArcGIS, per temporal component, the estimated volume of 
examined features based on feature polygon area and the equations presented in Table 90. In other words, the 
power law equation calculated for a given temporal component based on feature volumes and areas of excavated 
features was used to predict the volume of features that had only been examined (and not partially or completed 
excavated), allowing us to estimate the volume of all features assigned to a particular temporal component. 
In one case, for the Cienega/Red Mountain phase transitional interval, the calculated relationship appeared to 
overestimate feature volume. We thus chose, in this case, to use the relationship calculated for features assigned 
to the Cienega phase to estimate feature volume because the equation appeared to provide more-reliable results 
than the equation for Cienega/Red Mountain phase features. 

Once estimates of feature volume had been compiled for all features, the intensity of feature construction 
across the project sites was then calculated per temporal component by calculating kernel density estimates. 
Kernel density estimates were calculated in ArcGIS using the Kernel Density function. This nonparametric 
technique places a two-dimensional probability distance function, or “kernel,” around each data point (Conolly 
and Lake 2006:175–177). The shape and radius of the kernel is manipulated by the algorithm to create a smooth, 
readily interpretable approximation of the distribution of a data set. While a default density estimate is based 
only on the distribution of points in relationship to each other, weights can be assigned to particular types of 
points to increase the intensity at which they are factored into the analysis. Artifact count or feature volume, 
for instance, can be used to weight an analysis to ensure that points with more artifacts or the largest feature 
volume represent higher estimated densities than locations with only a single associated artifact. The scale or 
distance at which to estimate kernel density also needs to be provided so that this tool estimates density based 
on calculations made within a specified distance of each feature to be analyzed. 

To calculate kernel density estimates representing the intensity of feature construction for each temporal 
component, we weighted each feature using estimated feature volume and specified a fixed distance of 50 m 
for making kernel density calculations. We used a fixed distance of 50 m because many features clustered in 
the sample at a scale of 50 m. Calculating kernel density estimates using a uniform distance also allowed for 

Table 90. Equations Used to Estimate Volume for  
Examined Features, based on Feature Polygon Area

Feature Category Equation r2 n

Chiricahua y = 0.1507x1.2444 0.7468 277

Chiricahua/San Pedro y = 0.1375x0.9868 0.9021 62

San Pedro y = 0.1366x0.929 0.9347 95

Cienega y = 0.1369x1.0523 0.8782 57

Cienega/Red Mountain y = 0.1783x1.1268 0.913 29

Pre-Classic y = 0.1782x1.0798 0.8809 25

Classic/Protohistoric y = 0.1708x1.2724 0.8298 14

No assignment y = 0.1299x1.1722 0.7737 216

All features y = 0.1338x1.2008 0.7384 756
All FAR features y = 0.1005x0.9872 0.8808 125
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systematic comparison of kernel density estimates among temporal components. For temporal components 
where Ripley’s L estimates suggested additional clustering at scales other than 50 m, kernel density estimates 
were calculated according to additional scales of analysis to search for further patterning in feature distributions. 

For temporal components where large numbers of features were located in multiple clusters, such as the 
distribution of Chiricahua phase features, we applied Zonal Nearest Neighbor Hierarchical Clustering (ZNNHC) 
analysis in Crimestat 4.0 to identify specific clusters of features and to evaluate their content and distribution 
with respect to each other and to the distribution of extramural artifacts. ZNNHC analysis assigns features to 
clusters based on nearest neighbor statistics and a weight or intensity variable. To perform ZNNHC analysis, 
we used estimated feature volume as the weight variable and specified a fixed distance of 50 m as well as other 
distances suggested as potentially important by Ripley’s L analysis.

Another basic question we were interested in was, how were artifacts of different classes distributed across 
the project sites, per temporal component, and how did these distributions relate to the distribution of features? 
To pursue this question, we calculated an estimate of the number of artifacts, per feature class, found in each 
completely or partially excavated feature. Examined features could not be used because they provided no in-
formation about the presence or absence of artifacts within a feature. To derive an estimate of the total number 
of artifacts in each sampled or excavated feature, per artifact class, we applied the following procedure. For 
features that had been completely excavated, we simply used the total number of artifacts discovered in the 
feature as the estimated artifact count. For features that had only been sampled or partially excavated, we first 
calculated artifact density for each sampled or partially excavated feature by dividing the total number of arti-
facts (of a given artifact class) discovered in the feature by the excavated volume of the feature. We then mul-
tiplied this density by the estimated feature volume to arrive at an estimate of the total number of artifacts, per 
class, that were likely to have been contained within the feature. The estimated artifact counts allowed us to 
examine artifact abundance across the project sites, according to artifact class and temporal component, using 
kernel density estimates. Like kernel density estimates calculated using feature volume, kernel density esti-
mates were calculated using estimated artifact count using a fixed distance of 50 m, as well as other distances, 
when warranted. These estimates allowed us to evaluate variation across the project sites in artifact density, 
according to temporal component and artifact class. Given the significant time constraints of the project, we 
confined these analyses to general artifact classes. It would be worthwhile in the future, however, to perform 
a similar analysis using finer categories of artifacts, such as evaluating differences among flaked stone tools, 
cores, and debitage or differences between pounding vs. grinding implements, as well as to examine patterns in 
artifact size or completeness. For some temporal components, clusters of features consisted mostly or entirely 
of examined features, making it impossible to derive a reliable estimate of artifact distributions for these par-
ticular clusters of features. In most cases, however, examined features were interspersed among many similar 
features that had been sampled or excavated, allowing for more-reliable estimates of artifact kernel densities 
in different areas of the site. 

An important consideration in examining artifact distributions across the project sites, and especially Fal-
con Landing, was how particular artifact classes were distributed according to feature type. For instance, were 
FAR artifacts preferentially found in thermal features or in features of other types? In what kinds of features 
were flaked stone, ground stone, or faunal specimens most commonly found? To address these questions, we 
calculated the overall percentage and density of artifacts for each temporal component and artifact class, ac-
cording to feature type. To do this, we calculated the total combined estimated volume of features, per feature 
type, for features that were sampled, partially excavated, or completely excavated. We did not include esti-
mated volumes for examined features, as this would have had the effect of underestimating calculated densi-
ties because artifacts were not recorded within examined features. We then calculated the combined total sum 
of artifacts, per feature type, artifact class, and temporal component. These data were then used to calculate 
the percentage of artifacts of a given artifact class and the density of artifacts of a given artifact class for each 
feature type. These calculations enabled us to examine, for each temporal component, the numerical distribu-
tion of artifacts according to feature type and artifact class and to identify instances where artifact classes were 
associated with specific feature types. In the discussion of these metrics, we refer to this density as “overall 
volumetric density” in order to clearly differentiate this density from kernel density estimates made for the 
spatial analysis and from other artifact densities presented earlier in this chapter.
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One of the questions we had about artifact distributions had to do with how FAR was distributed with re-
gard to feature type. Our expectation was that FAR would primarily be associated with thermal features and 
FAR concentrations, but analysis showed that many FAR were found in other features, particularly nonthermal 
pits. Of course, FAR could have been removed from thermal features after use to access feature contents and 
subsequently deposited in features of other types. The finding of large amounts of FAR in nonthermal features 
led us to wonder if FAR was located significantly more often in thermal features or in features of other types. 
Moreover, because the identification of thermal activity was conservative, being based on positive evidence 
of in situ burning (i.e., oxidation of feature walls), some nonthermal pits could potentially have served an un-
recognized thermal function (see Chapter 9). For temporal components with large numbers of thermal pits, 
we used chi-square tests to evaluate whether FAR was found significantly more often in thermal features or in 
features of other types and also evaluated the spatial distribution of FAR with respect to the location of thermal 
features and features of other types. We performed 2-by-2 chi-square tests by comparing the number of FAR 
artifacts in thermal features and in features of other types with the number of thermal features and the number 
of features of other types. Interestingly, these tests tended to show that although FAR was found in numerous 
nonthermal features, FAR was located in thermal features more often than expected, in comparison to features 
of other types. For cases where the distribution of other artifact classes (i.e., flaked stone, ground stone, or 
faunal specimens) appeared to correspond to particular feature types, we performed similar chi-square tests to 
determine whether the patterns were statistically significant.

After having evaluated artifact and feature distributions according to temporal component, we then evaluated 
the correspondence between artifact and feature distributions at the component level with artifact and feature 
distributions at the level of occupational episode. We did this by examining where features assigned to an oc-
cupational episode were located with respect to clusters of features assigned to more broadly defined temporal 
components. This analysis was most relevant for the Chiricahua temporal component, a component which in-
cluded multiple occupational episodes and for which a large number of features were assigned to several oc-
cupational episodes. For most later periods, by contrast, features assigned to an occupational episode were few 
in number. In general, patterning in the location of features, according to occupational episode, showed some 
important spatial variation through time in the use of Falcon Landing during the Chiricahua temporal compo-
nent, suggesting that some portions of the site were used primarily during one episode and that use of the site 
shifted spatially through time during the relatively lengthy Chiricahua temporal component.

A final question of interest was, were there significant differences in where features and artifacts assigned 
to different temporal components were located? In other words, were specific areas of the site used primarily 
during specific periods or did different temporal components typically overlap in space? Were there signifi-
cant hot spots at Falcon Landing, or at the other sites, where earlier or later temporal components tended to be 
uniquely located? Where did use of the sites overlap for multiple periods? To what degree was the distribution 
of features according to temporal component a function of geologic context? In order to evaluate the overall 
distribution of temporal components, each temporal component was assigned a number corresponding to the 
temporal sequence. The earliest temporal component in this analysis, Chiricahua, was assigned a value of 1 
and the latest temporal component, Classic/Protohistoric, was assigned a value of 10. We then created a raster 
with 1-by-1-m cell size in which each cell represents the most common temporal component assigned to the 
centroid(s) of extramural feature(s) or primary feature(s) located within the cell. (A primary feature is one that 
contains subfeatures, e.g., a house-in-pit [primary feature] and its postholes [subfeatures]). In other words, if 
there were three feature centroids (corresponding to primary or extramural features) located in a cell and two 
were assigned to temporal component 1 (Chiricahua) and the other was assigned a sequence value of 3 (San 
Pedro), then the cell was assigned a value of 1 because the majority of primary or extramural features were 
assigned to that value. In most cases, there was only one feature per 1-by-1-m cell, but multiple features in a 
single cell were possible. 

This raster representing the most common temporal component in each 1-by-1-m cell was then used to 
create a focal majority raster and a focal variety raster using the Focal Statistics tool in ArcGIS. The focal ma-
jority raster was created by calculating the most common component found within a 25-by-25-m area around 
each feature centroid; the focal variety raster was created by calculating the variety, or richness, of temporal 
components found within a 25-by-25-m area around each feature centroid. The focal majority raster shows 
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where the features corresponding to particular temporal components tended to be located across the sites. The 
map suggests that large areas were used primarily during one component, while some other relatively small 
areas were used repeatedly during multiple components. The focal variety raster shows which portions of the 
project area were more or less diverse in their temporal assignments. The map shows that temporal diversity for 
features was low for many areas of the project sites, but a high temporal diversity for features occurred in a few 
discrete locations that were repeatedly used during multiple periods. One potential deficiency of this approach 
is that some components had large numbers of pit features, and other temporal components had relatively few 
pit features and were characterized to a greater degree by larger structural features. These differences could have 
led to underrepresentation of components characterized primarily by structural features and overrepresentation 
of temporal components with large numbers of pit features. However, the results of Anselin Local Moran’s I 
analysis (see below) conformed well to the distribution shown in the focal majority raster, suggesting the map 
represents a fair approximation of the spatial distribution of temporal components across the project sites.

We also performed a similar analysis using occupational episodes, but with less success, given the rela-
tively small number of features assigned to occupational episodes and, perhaps, the greater tendency for oc-
cupational episodes to have been assigned to structural features. To perform this analysis, we created a similar 
focal majority raster as the one discussed above, but instead of using a numbering sequence assigned according 
to temporal component, we used a numbering sequence based on the sequence of occupational episodes (see 
Figure 98). The resulting raster was less specific or informative in delineating the spatial distribution of tem-
poral components than the focal majority raster created using the numbering sequence based on the temporal 
components. In general, however, the focal majority raster based on occupational episodes showed a fairly 
good correspondence with the focal majority raster based on temporal component.

To further evaluate the overall distribution of temporal components, we performed Anselin Local Moran’s 
I analysis in ArcGIS using the Cluster and Outlier Analysis (Anselin Local Moran’s I) tool in ArcGIS. The tool 
calculates a local estimate of Anselin-Moran’s I, a measure that depicts the degree to which point attributes 
(such as artifact count or occupational episode) are spatially autocorrelated. In other words, the tool assesses 
whether a value attributed to a point (such as occupational episode) is similar or different to the values attributed 
to other points located in the immediate vicinity of the point. As with other estimates, a fixed distance of 50 m 
was used to evaluate feature locations and their relative age. Results of the tool indicate whether each feature 
is surrounded by features with significantly high values, features with significantly low values, or features with 
values that are not significantly high or low. The tool also identifies cases where a point is a local outlier, being 
significantly higher or lower in value than most points in its immediate vicinity. For this particular analysis, 
outliers are cases where the temporal assignment of a feature is significantly different (older or younger) than 
the age of most nearby features.

Discussion: Aspatial Analyses

Chiricahua Phase (3500–1200 b.c.)

The Chiricahua phase occupational record in the project area was robust, with the greatest number of fea-
tures assigned to the functional categories used in this analysis (n = 310), and the second-greatest combined 
number of artifacts and faunal remains (n = 2,931) (Figures 99 and 100). Features dated to the Chiricahua 
phase and used in this examination included 15 structures, 78 firepits, 195 processing/storage pits, 11 stor-
age pits, and 11 FAR concentrations. When the 2,300-year duration of this phase was taken into account, 
this resulted in an average of only 0.13 features per year. This is, of course, a coarse-grained metric that un-
doubtedly masks the actual variance in occupational intensity over time, but it did allow a uniform method 
to compare occupational intensity over time based on the number of features dated to phase or period. 

The most common artifact type recovered from these features was FAR, followed in decreasing order of 
abundance by flaked stone, faunal remains, and ground stone. Ground stone artifacts, however, were relatively 
abundant compared to all following phases and periods, except for the Classic/Protohistoric period transition. 
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Figure 99. Relative proportions of features by temporal component.

Figure 100. Relative proportions of artifacts and faunal remains per temporal component.
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When density per cubic meter of feature fill excavated and dated to the Chiricahua phase was examined, the 
relative amounts of artifacts and faunal remains suggested occupational intensity was relatively moderate. 
The amount of ground stone, however, was relatively high when compared to the rest of the occupational 
sequence (Figure 101). The relative proportions of artifacts and faunal remains recovered per cubic meter 
of sampled fill from Chiricahua phase features also indicated that FAR was the most common artifact type, 
followed by debitage (which consisted almost entirely of biface-reduction and edge-maintenance flakes), 
ground stone, and flaked stone tools. 

Taken together, these relative frequencies and proportions of feature types and artifacts suggest that over 
the 2,300 years encompassed by the Chiricahua phase, site function varied from a limited-activity locale, 
likely frequented by task groups where plant-food collection and processing were the primary site activities, 
to a short-term, likely warm-season habitation, as evidenced by the 15 structures and associated extramural 
features. Irrespective of these changes in site function, on-site activities focused on the collection and pro-
cessing of mesquite and the small seeds of locally available grasses and weedy annuals (see Chapters 6 and 
7), biface reduction and the maintenance of the hunting tool kit (see Chapter 3), and opportunistic leporid 
hunting and on-site leporid consumption (see Chapter 4). These activities generally characterize not only 
the Chiricahua phase but also the entire occupational record at Falcon Landing, and this record continued 
relatively uninterrupted until the Classic/Protohistoric period transition, dated to cal a.d. 1220–1520 at this 
site. Given this remarkable persistence in the primary on-site activities, the following discussions focus on 
variability in inferred occupational intensity; on-site activities; and site function over time, from the perspec-
tive of numbers of features of various types and the proportions of these feature types, and the artifacts and 
faunal remains they contained, as dated to the temporal components and occupational episodes.

Occupational Episodes A–D (various calibrated age ranges)

As detailed in the preceding methods section of this chapter, Occupational Episodes A–D offered the greatest 
temporal precision for the Chiricahua phase that could be obtained through a combination of direct radiocar-
bon dating of features and assigning ages to features based on the project geochronology at Falcon Landing. 

Figure 101. Artifact and faunal density proportions by temporal component.
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Examining feature frequency over Occupational Episodes A–C suggested that occupational intensity increased 
over the course of the Chiricahua phase (Figure 102), and that the use of extramural pits for processing and/or 
storage intensified, as did the construction and use of firepits and the creation of discrete FAR concentrations. 
It is interesting to note that structures were also built and abandoned, beginning with Occupational Episode A 
(3340–2890 cal b.c.), and this suggests that Falcon Landing, at times, functioned not only as a plant-food col-
lection and processing locale used by task or family groups, but also intermittently as a short-term, warm-season 
habitation (see Chapters 6 and 7). The relative proportions of structures to firepits during Chiricahua phase 
Occupational Episodes A–C, however, did decline to a limited extent, whereas FAR concentrations were only 
dated to Occupational Episode C (2570–2460 cal b.c.). Pits classifiable as processing/storage features were 
least numerous during Occupational Episode A, and processing/storage pits became more numerous and were 
used to nearly the same extent during Occupational Episodes B and C (see Figure 102). 

It is unlikely that the decrease in feature frequency and the absence of firepits and FAR concentrations 
during Occupational Episode D (2200–1310 cal b.c.), as shown in Figure 102, accurately reflect site activities 
or occupational intensity. This is because only one processing/storage pit and two structures could be dated 
to this interval, and the vagaries of sampling have in all likelihood resulted in a spurious result for Occupa-
tional Episode D. If Occupational Episode D is excluded from consideration, feature frequency increased 
starting with Occupational Episode A (3340–2890 cal b.c.) and culminated near the end of the Chiricahua 
phase between 1390 and 1200 cal b.c. or at some time during the San Pedro phase (1200–800 b.c.). The 
resolution of the project chronology does not allow further refinement of this observation.

A general paucity of artifacts and faunal remains from the features assigned to Occupational Episodes A–D 
made their interpretation unfortunately tenuous. Generally speaking, during Occupational Episode A, faunal 
remains were the most abundant in terms of number and their proportions compared to the artifact classes, and 
faunal use may have declined in importance over the course of the Chiricahua phase from the perspective of 
the number and density of faunal remains at Falcon Landing (Figures 103 and 104). Whereas faunal use and 
importance may have declined, the number and proportion of ground stone artifacts and FAR increased. This 
suggests that FAR production was a derivative of plant-food processing, and that the parching of mesquite pods 
and small seeds may have been a key component of on-site plant-food processing during the Chiricahua phase 
(see Chapters 6, 7, and 9). The amount and proportions of flaked stone artifacts over these three occupational 

Figure 102. Feature proportions by occupational episode.
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Figure 103. Proportions of artifacts and faunal remains per occupational episode.

Figure 104. Artifact and faunal proportion densities by occupational episode.
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episodes seem to have been independent of the amount and proportions of faunal remains and the other artifact 
classes, and flaked stone artifacts were most numerous during Occupational Episode B (2860–2620 cal b.c.). 

Chiricahua/San Pedro Phase Transition (1380–920 cal b.c.) and San Pedro Phase 
(1200–800 b.c.)

Several trends are evident in Figures 99 and 100, including a decrease in the relative proportion of struc-
tures during the Chiricahua/San Pedro phase transition; an increase in FAR concentrations, storage pits, and 
flaked stone; a relatively uniform number of firepits; and a general decline in the number of processing/
storage pits, ground stone, faunal remains, and FAR. The large increase in structures during the San Pedro 
phase suggests that Falcon Landing more frequently functioned as a short-term habitation compared to the 
preceding and much longer (nearly sixfold) Chiricahua phase. Indeed, this change in site function was rela-
tively punctuated, when one considers that the San Pedro phase was only 400 years in duration compared 
to the 2,300-year duration of the preceding Chiricahua phase. Increased occupational intensity as reflected 
in the frequency of artifacts also supports this pattern as shown in Figure 100, with a total of 2,931 artifacts 
deposited in Chiricahua phase features, compared to 2,726 during the relatively short Chiricahua/San Pedro 
phase transition (dated to between 1380 and 920 cal b.c. at Falcon Landing and Site 68), and 652 during the 
San Pedro phase. Although not readily apparent in terms of artifact frequency, if the numbers of artifacts 
deposited per phase are divided by the duration of that phase, then 0.92 artifacts were annually deposited 
during the 2,300-year Chiricahua phase compared to 5.92 during the 460-year Chiricahua/San Pedro tran-
sition, and 1.63 during the 400-year San Pedro phase. Examination of the number of artifacts and ecofacts 
deposited per cubic meter of sampled feature fill assigned to these intervals reinforces this observation, with 
substantially greater artifact and ecofact density per cubic meter during the Chiricahua/San Pedro phase tran-
sition compared to the earlier Chiricahua and later San Pedro phases (see Figure 101).

Occupational Episode E (1390–800 cal b.c.)

Dating to 1390–800 cal b.c., Occupational Episode E encompasses the Chiricahua/San Pedro phase transition 
and the entirety of the San Pedro phase. Compared to other occupational episodes, this episode included the 
greatest number of features, especially structures, and this episode could be interpreted as the culmination of a 
period of increasing occupational intensity that began during Occupational Episode A (3340–2890 cal b.c.) (see 
Figure 102). Occupational Episode E was also the first episode in which pits of sufficient size and shape and 
classifiable as storage pits were built and used, and the presence of pit storage coincided with the increased num-
ber of structures, perhaps indicating a relatively greater amount of settlement permanence and site provisioning. 

The relatively greater number of artifacts and faunal remains documented for this episode, however, 
was likely a direct consequence of the greater number of corresponding features. Flaked stone reduction and 
maintenance, leporid processing and consumption, and plant-food processing requiring the use of a rela-
tively expensive and curated ground stone inventory were among the primary site activities (see Chapter 3 
and Figure 103). In terms of artifact density, this occupational episode produced the second highest result 
in the relative proportion of artifacts to faunal remains (see Figure 104).

San Pedro/Cienega Phase Transition (920–720 b.c.) and 
Cienega Phase (800 b.c.–a.d. 50)

The examination of the San Pedro/Cienega phase transition was hindered by having only one processing/
storage pit assignable to this 200-year transitional interval at Falcon Landing. A relatively low level of occu-
pational intensity characterized the Cienega phase at Falcon Landing as evidenced by the 39 features dated 
to this 850-year phase. The relative proportions of feature types suggest a continuation of the same on-site 
activities documented during previous phases, with processing/storage pits dominating the recorded feature 
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types, and a relative decline in the proportion of firepits (see Figure 99). The apparent increase in the rela-
tive proportion of structures compared to the preceding phase is misleading in that only two structures were 
dated to the Cienega phase, and Falcon Landing, in all likelihood, primarily functioned as a limited-activity 
locale during this phase and may have only functioned occasionally as a short-term habitation. 

The number and relative proportions of artifacts and faunal remains dating to the Cienega phase com-
pared very closely to the preceding San Pedro phase (see Figure 100), with a continued low number of 
ground stone implements and faunal remains, and a minimal reduction in the amount of flaked stone but 
an increased amount of FAR compared to the preceding San Pedro phase. Excluding the exceedingly small 
sample from San Pedro/Cienega, artifact density starting in the San Pedro phase and over the course of the 
Cienega phase remained essentially unchanged, although the density of faunal remains and FAR increased 
slightly during the Cienega phase, while the density of debitage and flaked stone tools subtly declined (see 
Figure 101). This increase in the relative proportion and density of FAR was somewhat at odds with the 
relative decline in the proportion of firepits, and the reasons for this are unclear.

Occupational Episode F (790–540 cal b.c.)

This occupational episode encompasses the Early Cienega phase and represents the 790–540 cal. b.c. inter-
val at Falcon Landing. Only four features, a firepit, two processing/storage pits, and one storage pit, made 
up this occupational episode. This general paucity of features may represent a significant decline in occupa-
tional intensity compared to previous Occupational Episodes A–D and E, but the small sample size prohibits 
a meaningful and valid comparison. The presence of a storage pit during this interval, however, does suggest 
a continuation in the use of storage pits first documented during the preceding Occupational Episode E (see 
Figure 102). The lack of structures dating to this episode also suggests the presence of task groups focused 
on procuring and processing plant and animal resources (see Figures 102 and 103). Overall artifact density 
for this episode was comparatively moderate, with FAR, followed by faunal remains, being most abundant, 
followed by ground stone and flaked stone tools (see Figure 104).

Cienega/Red Mountain Phase Transition (160 b.c.–a.d. 340) and 
Red Mountain Phase (a.d. 50–400)

When the Cienega/Red Mountain phase transitional interval was compared to the preceding Cienega phase, 
there was a greater than twofold increase in the number of dated features at Falcon Landing (n = 95). This 
demonstrable increase in occupational intensity at Falcon Landing became fourfold when the total number of 
features dated to each interval was divided by the duration of each interval, with a resulting average of 0.05 fea-
tures annually during the Cienega phase and 0.20 over the course of the 500-year Cienega/Red Mountain 
phase transition at Falcon Landing. This was also the period in time when Site 423 was intensively occupied.

The number and proportion of firepits increased during this transitional interval (see Figure 99), and the 
number of structures also increased to six compared to only two during the preceding Cienega phase, and 
both of the Cienega phase structures were abandoned prior to 160 cal. b.c. It is important to note that two of 
these six structures were the only features at Falcon Landing that dated solely to the Red Mountain phase. 
Both were house-in-pits; one was abandoned sometime between cal a.d. 130 and 330, and the other was 
abandoned sometime between cal a.d. 260 and 430. Except for a charcoal/ash lens dated to cal a.d. 70–250, 
no other features were dated to the 350-year interval encompassed by the Red Mountain phase.

A subtle increase in the proportions of storage and firepits coincided with the increased number of structures 
and a relatively greater number of artifacts and faunal remains dated to the 500-year Cienega/Red Mountain 
phase transition at Falcon Landing (see Figure 100). Together, these trends suggest increased occupational 
intensity, a greater possible range of domestic activities, and what was likely a more residential focus. Unlike 
the preceding Cienega phase, however, the number and relative proportion of FAR expectedly increased along 
with the increased number and relative proportion of firepits. Examination of artifact densities and relative 
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proportions based on cubic meter sampled also mirrored the trends exhibited by the artifact counts, and the 
increases in the density metrics also likely signal increased occupational intensity (see Figure 101). 

Occupational Episode G (cal a.d. 10–120) 

This episode spans the early portion of the Red Mountain phase from cal a.d. 10–120 and was represented 
in this analysis by a single structure at Falcon Landing and an FAR concentration at Site 423. FAR was the 
predominant artifact type, followed by flaked stone and then faunal remains. The relatively high density of 
artifacts calculated for this episode should be considered biased by the small amount of sampled feature fill 
from the two features dated to this episode. 

Pre-Classic (a.d. 400–1150), Classic (a.d. 1150–ca. 1450), and 
Classic/Protohistoric (a.d. 1220–1640) Periods

Occupational intensity declined significantly during the final century of the Red Mountain phase and re-
mained persistently low thereafter. This reduction in occupational intensity was reflected by only 11 features 
dated to the pre-Classic period at Falcon Landing and Site 68, and these consisted of 3 relatively ephemeral 
structures, 6 processing/storage pits, and 2 firepits. All three of the structures were radiocarbon dated to the 
Snaketown phase (a.d. 650–750), but no extramural features dating to the Snaketown phase were identi-
fied. No features were dated to the Colonial period (a.d. 750–950), indicating a possible hiatus during the 
Colonial period, and only a mere 4 extramural pits were dated to the Sedentary period (a.d. 950–1150). The 
remaining features dated to the pre-Classic period were either radiocarbon or geologically dated to relatively 
broad intervals encompassing several pre-Classic and/or pre-Classic and Classic period phases.

The relative number and proportions of feature types during the pre-Classic period compare best with the 
San Pedro phase, although pre-Classic period occupational intensity was significantly lower (see Figure 99). 
This pre-Classic period decline in occupational intensity was also signaled by relatively low numbers of ar-
tifacts and faunal remains, although the relative proportion of faunal remains was greater than the preceding 
Red Mountain phase, while the relative proportions of flaked and ground stone and FCR declined (see Fig-
ure 100). When artifact density was considered (see Figure 101), the relative proportions of grinding imple-
ments and FAR declined significantly compared to preceding phases. At the same time, there was an apparent 
increase in biface reduction that coincided with an increase in faunal remains, suggesting that the production 
and maintenance of flaked stone tools, along with hunting, increased in relative importance. The presence of 
biface reduction debris in pre-Classic period contexts is somewhat peculiar, in that the production of bifaces 
declined dramatically with the introduction of the bow and arrow during the pre-Classic period. It is possible 
that the biface reduction debris was introduced to the pre-Classic period features by mixing, either by natural 
processes or the on-site collection of Archaic period biface flakes by the Hohokam. 

Overall, over the course of the pre-Classic period, Falcon Landing and Site 68 probably continued to 
be intermittently used locales for collecting and processing plant foods, with concurrent biface reduction 
and maintenance, along with opportunistic leporid hunting. The only evidence supporting the use of Falcon 
Landing and Site 68 as a short-term habitation during the pre-Classic period was the three structures built 
and abandoned during the Snaketown phase (a.d. 650–750). 

This low level of occupational intensity at Falcon Landing persisted over the course of the Classic period 
and the Classic/Protohistoric period transition as dated at Falcon Landing. However, the temporal overlap 
between the Classic period and the Classic/Protohistoric period transition at Falcon Landing complicates 
this interpretation. This is because the Classic/Protohistoric period transition at Falcon Landing can only 
be broadly dated to cal a.d. 1220–1520, and this interval encompasses the latter part of the Classic period. 
Falcon Landing was seldom frequented and for the most part could be characterized as a limited-activity 
locale during this transitional interval. Only one firepit and one processing/storage pit could be dated solely 
to the Classic period, and no stone or ceramic artifacts were encountered in these Classic period pit features, 
and only a few faunal remains were recovered. A greater number of features could be assigned to functional 
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categories and dated to the Classic/Protohistoric period transition, including one firepit, nine processing/
storage pits, and one storage pit. No structures were encountered that dated to this last occupational episode 
(see Figure 99). Artifacts and faunal remains from these features that dated to the Classic/Protohistoric pe-
riod transition included all examined artifact categories (see Figure 100), with the highest overall density of 
recovered artifacts and faunal remains compared to preceding periods (see Figure 101). In fact, the relative 
proportions of artifact classes and faunal remains per cubic meter sampled most favorably compared to the 
Cienega phase and the Cienega/Red Mountain transition, and the range of represented activities in terms of 
on-site procurement, processing, and manufacture can be interpreted as effectively equivalent. 

Occupational Episodes H (cal a.d. 610–780) and I (cal a.d. 980–1270)

Dated to cal a.d. 610–780, Occupational Episode H included two structures and two processing/storage pits. 
This episode encompasses the end of the Sweetwater phase (a.d. 550–650) and the entirety of the Snaketown 
phase, and it in all likelihood represents a pre-Classic period Hohokam occupation. The number of faunal re-
mains recovered from these features was relatively moderate, and these faunal remains were associated with a 
large amount of flaked stone and a few ceramic artifacts (see Chapter 5, and Figure 103). Artifact density for 
this occupational episode was the third highest calculated, with flaked stone debitage being the most abundant, 
followed in decreasing order of abundance by faunal remains, FAR, flaked stone tools, and ceramics (see Fig-
ure 104). Interestingly, no ground stone artifacts were directly associated with these Ceramic period features.

Occupational Episode I (cal a.d. 980–1270) encompasses the pre-Classic/Classic period transition and 
included only three firepits and three processing/storage pits. The smallest number of artifacts for any episode 
was recovered from these six features, with only two flaked stone artifacts, six faunal specimens, and two 
ceramic sherds assignable to this episode. Similarly, the calculated densities of artifact and faunal remains 
for this episode were also relatively low, with a relatively high density of faunal remains, and a moderately 
high density of ceramics and debitage (see Figures 103 and 104).

Pit Function Over Time

The three pit functions defined above—cooking, storage, and processing/storage—were examined for trends 
in frequency and morphometric attributes over time. Presented below is a comparison of the counts of pit 
types in the sample according to each temporal component. The absolute counts of feature types, and how 
they changed between phases and periods, provide interesting insight into the changing or unchanging needs 
over time. Of similar interest is how the distribution of pit types within each temporal component changed 
over time. In other words, the total number of pits in the sample per temporal component was divided among 
the different pit types. Examining the changes in the relative frequencies standardized each phase and al-
lowed for comparisons irrespective of absolute counts.

The frequency of extramural pits followed different trajectories over time based on their function 
(Figure 105). Additionally, the relative distribution of pit types changed between temporal components (Fig-
ure 106). The frequency of storage pits remained consistently low throughout the temporal components. The 
Chiricahua phase contained 11 storage pits, which was 4 percent of the sample in this phase. The Chirica-
hua/San Pedro and San Pedro phases produced 10 storage pits, accounting for 8 percent of the sample for 
these phases. The counts declined through the San Pedro/Cienega and Cienega phases with 6 storage pits, 
but they represented 16 percent of the pits in these phases. The number and relative frequency declined fur-
ther in the Cienega/Red Mountain and Red Mountain phases to 2 storage pits, accounting for just 3 percent 
of the sample in these phases. The remaining pre-Classic through Classic/Protohistoric periods saw just 1 
storage pit, which represented 5 percent of pits in these periods. The total number of storage pits across all 
periods in the sample was 30, representing 6 percent of the entire sample.

Firepits followed a similar trend in their numbers over time. Seventy-eight firepits in the sample were 
dated to the Chiricahua phase, which was 27 percent of the sample in that phase. During the Chiricahua/San 
Pedro and San Pedro phases, the number of firepits more than halved to 36, but their relative contribution 
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Figure 105. Extramural-pit functions over time.

Figure 106. Relative frequencies of pit functions over time.
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increased to 30 percent of the pits in these phases. The San Pedro/Cienega and Cienega phases saw a dra-
matic decrease in the numbers of firepits and their relative frequencies, producing just 2 pits (5 percent) in 
the sample. A notable increase in the number of firepits occurred during the Cienega/Red Mountain and 
Red Mountain phases, which saw 16 of this feature type, representing 20.25 percent of the sample. Finally, 
during the pre-Classic through Classic/Protohistoric periods, just 4 pits in the sample were firepits, account-
ing for 19 percent of the pits in these periods. The total number of firepits in the sample across all temporal 
components was 136, accounting for 25 percent of the pits in the sample.

The processing/storage pit was, by far, the most numerous of the three functional pit types in the sample. 
The Chiricahua phase contained 195 processing/storage pits, more than all storage and firepits from all other 
phases combined. These 195 processing/storage pits represented 69 percent of pits in the sample for the Chir-
icahua phase. In the Chiricahua/San Pedro and San Pedro phases, the number of processing/storage pits in 
the sample plummeted to 75, yet still accounted for 62 percent of the sample in these phases. This decline in 
numbers was similar to the one observed for firepits between the Chiricahua, and the Chiricahua/San Pedro 
and San Pedro phases. The number of processing/storage pits more than halved again moving into the San 
Pedro/Cienega and Cienega phases, with 30 pits of this type in the sample. Nevertheless, processing/storage 
pits accounted for 79 percent of the sample for these phases. The Cienega/Red Mountain and Red Mountain 
phases saw a slight increase in the number of processing/storage pits to 61 pits, accounting for 77 percent of 
the sample for these phases. This was similar to the increase in firepit counts from the San Pedro/Cienega 
and Cienega phases, to the Cienega/Red Mountain and Red Mountain phases. Finally, and again similar to 
what was observed for firepits, the number of processing/storage pits decreased in the pre-Classic through 
Classic/Protohistoric periods, producing 16 pits of this type in the sample. Unlike firepits, however, the rela-
tive contribution of processing/storage pits to the sample in these periods slightly increased, to 76 percent.

Extramural-Pit Volume Over Time

Mean volumes for the three functional groups of pits—cooking, storage, and processing/storage—were 
calculated for each of the temporal components (Figure 107; Table 91). Although sample sizes affected the 
reliability of some of the calculations (as will be discussed later), some interesting trends emerged when the 
overall sizes of the different pit types were examined over time. The mean volume of storage pits during the 
Chiricahua phase was notably small, just 0.0088 m3. In the Chiricahua/San Pedro and San Pedro phases, mean 
volume for storage pits increased dramatically to 0.1565 m3. The San Pedro/Cienega and Cienega phases saw 
a slight decrease in the mean volume of storage pits with 0.1230 m3. In the Cienega/Red Mountain and Red 
Mountain phases, mean volume skyrocketed to 0.4135 m3 before dropping to 0.006 m3 in the pre-Classic 
through Classic/Protohistoric periods. The mean volume for storage pits across all temporal components was 
0.1078 m3, with a standard deviation of 0.2234 m3. Although the size of storage pits varied widely through 
time, this was clearly a product of the effects of small sample sizes. As noted above, the sample set included 
only 30 storage pits, distributed among the five time periods. Indeed, the mean volume of storage pits in 
the Cienega/Red Mountain and Red Mountain phases, 0.4135 m3, was derived from just two pits: one very 
small, deep basin-shaped pit (0.008 m3) and a very large bell-shaped pit (0.819 m3).

Similar to storage pits, firepits exhibited a great deal of variability across the temporal components (see 
Figure 107; Table 91). The mean firepit volume in the Chiricahua phase was 0.0981 m3, much larger than stor-
age pits in that phase. Firepit size decreased into the Chiricahua/San Pedro and San Pedro phases, with the 
mean volume of 0.0697 m3. Firepits saw a dramatic increase in size in the San Pedro/Cienega and Cienega 
phases, with a mean volume of 0.2625 m3. This was the largest mean volume for firepits across all time peri-
ods, and also the largest mean volume for the three pit types in the San Pedro/Cienega and Cienega phases. In 
the Cienega/Red Mountain and Red Mountain phases, the mean volume for firepits decreased to 0.1248 m3, 
and then decreased to its smallest mean size during the pre-Classic through Classic/Protohistoric period, with 
mean volume of just 0.0390 m3. As was seen with storage pits, firepit sizes fluctuated over time. Also like stor-
age pits, however, much of the variability was the result of the large effects of small sample sizes. The peak 
size for firepits was seen during the San Pedro/Cienega and Cienega phases, with a mean volume of 0.2625 m3. 
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Just two firepits in the sample dated to that phase, and one (Feature 6014) had the relatively large volume of 
0.415 m3. The mean volume for all firepits in the sample was 0.0944 m3, with a standard deviation of 0.1260 m3. 
The variability over time was less than that of storage pits, but this may be the result of increased sample size. 
Storage pits numbered 30 in the sample across all phases, whereas firepits numbered 136 across all phases.

Processing/storage pits contributed to the excavated sample in sufficient numbers to allow for more- reliable 
examinations of size changes over time (see Figure 107; Table 91). In the Chiricahua phase, the mean volume 
of processing/storage pits was 0.0402 m3. This was larger than storage pits, but smaller than firepits during this 
phase. In the Chiricahua/San Pedro and San Pedro phases, mean volume for processing/storage pits increased 
slightly to 0.0503 m3. This trend of slightly larger pits continued into the San Pedro/Cienega and Cienega phases, 
during which the mean volume for processing/storage pits was 0.0646 m3. This phase constituted the high point 
in the size of processing/storage pits across the temporal components. During the Cienega/Red Mountain and 
Red Mountain phases, mean volumes for processing/storage pits decreased to 0.0526 m3, just slightly larger 
than those of the Chiricahua/San Pedro and San Pedro phases. Finally, during the pre-Classic through Classic/

Table 91. Mean Volumes for Extramural Pits, per Function, Over Time

Temporal Component
Mean Volume m3 (with counts)

Storage Firepits Processing/Storage

Chiricahua 0.0088 (11) 0.0981 (78) 0.0402 (195)

Chiricahua/San Pedro and San Pedro 0.1565 (10) 0.0697 (36) 0.0503 (75)

San Pedro/Cienega and Cienega 0.1230 (6) 0.2625 (2) 0.0646 (30)

Cienega/Red Mountain and Red Mountain 0.4135 (2) 0.1248 (16) 0.0526 (61)

Pre-Classic and Classic and Classic/Protohistoric 0.0060 (1) 0.0390 (4) 0.0064 (16)

Figure 107. Extramural pit volumes by function over time.



 442

Protohistoric periods, mean volumes for processing/storage pits fell to just 0.0064 m3. Interestingly, this was 
almost identical to the volume of the lone storage pit in the same phase (0.006 m3).

As noted above, each phase under consideration included enough processing/storage pits in the sample to 
examine trends without undue influence of single pits. These trends, then, appear to be of consistency through 
time for the size of processing/storage pits, until the pre-Classic through Classic/Protohistoric periods. For all 
processing/storage pits, the mean volume was 0.0472 m3, with a standard deviation of 0.0696 m3, indicating 
more consistency for this pit type over time. This observation will be explored further in following sections.

Intramural and Extramural Pits

As has been noted elsewhere, the extramural pit was the most numerous feature type found at the Luke So-
lar sites. There were, however, many intramural pits, constructed in the floors of structures. The differences 
between intramural and extramural pits, and how those differences changed over time, can provide insight 
into the needs and the purposes served by the pits. Comparisons between intramural and extramural pits 
were complicated by small sample sizes in some instances. Although nearly all intramural pits were exca-
vated, only 58 satisfied the sampling requirements of dating to a particular temporal component and having 
calculable volume from observed feature measurements.

Figure 108 shows that, across the phases, the number of intramural pits of all types was roughly one-
tenth the number of extramural pits of all types. Both extramural and intramural pits were at their most fre-
quent during the Chiricahua phase, then declined steadily through the Chiricahua/San Pedro and San Pedro 
phases, and the San Pedro/Cienega and Cienega phases. Indeed, no intramural pits dating to the San Pedro/
Cienega and Cienega phases appeared in the sample. The frequencies of both intramural and extramural 
pits increased during the Cienega/Red Mountain and Red Mountain phases, before decreasing again in the 
pre-Classic through Classic/Protohistoric periods.

It is interesting that extramural and intramural pits mirrored each other’s changes over time, albeit at dif-
ferent scales. This suggests uniformity in the changing purposes served by the pits, regardless of their location 

Figure 108. Counts of extramural and intramural pits over time.
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inside or outside of structures. A closer examination of the different pit types (storage, firepit, processing/stor-
age) based on their location (intramural vs. extramural) revealed some differences in the changes over time. 
The inferences drawn from these comparisons are cautious, of course, because of the widely disparate fre-
quencies between intramural and extramural pits. Nevertheless, certain trends were observable (Figure 109).

Unlike all extramural and intramural pits combined, intramural storage pits and extramural storage pits 
did not exactly mirror each other in frequency. The Chiricahua phase saw the largest number of intramural 
storage pits (n = 5) and the highest number of extramural storage pits (n = 11). The sample included 10 ex-
tramural storage pits in the Chiricahua/San Pedro and San Pedro phases. No intramural storage pits dated to 
these phases. The number of extramural storage pits decreased through the rest of the sampled time periods, 
from 6 in the San Pedro/Cienega and Cienega phases, 2 in the Cienega/Red Mountain and Red Mountain 
phases, and 1 in the pre-Classic through Classic/Protohistoric periods. The absence of intramural storage 
pits continued in the San Pedro/Cienega and Cienega phases. A single intramural storage pit dates to the 
Cienega/Red Mountain and Red Mountain phases, and 2 intramural storage pits were associated with the 
pre-Classic through Classic/Protohistoric phases. 

A total of 16 intramural firepits satisfied the sampling criteria. It should be noted that these were dis-
tinct from the subfeature type hearth, as hearths are unique to structures and have no extramural correlate. 
That said, there were 10 intramural firepits, and 78 extramural firepits associated with the Chiricahua phase. 
The frequencies of both intramural and extramural firepits declined in the Chiricahua/San Pedro and San 
Pedro phases, to 5 intramural pits and 36 extramural pits. The number of extramural firepits decreased to 
2 in the San Pedro/Cienega and Cienega phases, while intramural firepits disappeared completely. During 
the Cienega/Red Mountain and Red Mountain phases, extramural firepits increased to 16 in number, and 

Figure 109. Extramural and intramural pits per function over time.
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1 intramural firepit was observed in the sample. Extramural firepits decreased again to 4 in the pre-Classic 
through Classic/Protohistoric periods. Intramural firepits, however, disappeared from the sample again dur-
ing the pre-Classic through Classic/Protohistoric periods.

Intramural and extramural processing/storage pits followed similar trajectories over time. Both saw their 
greatest number during the Chiricahua phase, with extramural pits totaling 195 in the sample, and intramu-
ral pits totaling 14. Moving into the Chiricahua/San Pedro and San Pedro phases, the number of extramural 
processing/storage pits dropped by more than half to 75, whereas intramural pits saw a more modest de-
crease to 13. Extramural processing/storage pits declined by more than half again in the San Pedro/Cienega 
and Cienega phases to 30 in the sample. No intramural processing/storage pits in the sample were observed 
during these phases. In the Cienega/Red Mountain and Red Mountain phases, the number of extramural pro-
cessing/storage pits doubled to 61, and their intramural counterparts reappeared with 7 in the sample. The 
pre-Classic through Classic/Protohistoric periods saw another sharp decline in both extramural and intra-
mural processing/storage pits. Extramural pits of this type decreased by over two-thirds to 16; there were no 
intramural processing/storage pits in the pre-Classic through Classic/Protohistoric sample. Notwithstanding 
differences in the magnitude and rate of changes over time in the frequency of extramural and intramural 
processing/storage pits, the increases and decreases were roughly comparable.

Processing/Storage Pit Volume Over Time

As noted above, the extramural processing/storage pit was the most numerous feature type at the Luke So-
lar sites (n = 1,060), and the largest component of the sample set for pit volume (n = 377). The frequency 
of this pit type allowed for examinations of change or stasis in attributes over time with greater statistical 
reliability than other feature types. Pit size, as expressed by volume, is an interesting avenue of examination 
to identify and explore trends throughout the lifespan of the site. As has been noted elsewhere, the morpho-
metric characteristics of this pit class presuppose functional attributes. 

The 377 extramural processing/storage pits in the sample were distributed among the five joined tempo-
ral components in sufficient numbers to compare their mean volumes by way of unpaired t-tests. Descriptive 
statistics for the volumes of extramural processing/storage pits according to temporal component appear in 
Table 92, and the p values for each comparison appear in Table 93. As can be seen, only the comparison of 
the mean volumes between the Chiricahua phase and the San Pedro/Cienega and Cienega phases produced 
results with statistical significance (p < 0.05). All other comparisons of means suggested consistency in the 
volumes of extramural processing/storage pits over the lifespan of the site.

These results shed light on an aspect of site formation and structure over time that is obscured by trends 
in relative and absolute frequencies of pit types over time. Indeed, the numbers of extramural processing/
storage pits fluctuated in each temporal component, and their contribution to the total feature count reflected 
these variations. The number of extramural processing/storage pits in each phase reflects how the needs of 
the group were met during that time. Conversely, the attributes of the extramural processing/storage pits did 
not substantially change. In other words, the frequency of this pit type was dynamic, but the characteristics 
of the pit type were static. The attributes of the extramural processing/storage pits did not change signifi-
cantly from the Chiricahua phase to the Protohistoric period. Thus, the changing needs of the group over time 
were met by adding or subtracting the number of pits, rather than changing the characteristics of those pits.

Architectural Analysis

A total of 50 structures were identified during the Luke Solar project, including 42 houses-in-pits, four surface 
structures, and four possible structures (see Table 2). Forty-eight of these structures were excavated at Falcon 
Landing, whereas two structures were excavated at Site 68. A physical description of each structure identified 
during the Luke Solar project is provided in Volume 1, Chapters 4 and 5. A house-in-pit structure is defined as 
an architectural feature that is fully contained within a shallow aboriginal pit, usually circular to oval in shape. 
House-in-pit structures are distinguished from true pit houses, wherein the walls are constructed outside the 
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aboriginal pit (see Wheat 1955:196). The walls of a house-in-pit structure are represented by a line of perim-
eter posts within the house pit. In the sample of Luke Solar structures, 14 of the 42 house-in-pit structures 
(33 percent) did not have identifiable postholes. These structures are still considered houses-in-pits, however, 
with the assumption that a posthole pattern existed but was obscured by postabandonment processes. A surface 
structure is defined as an arrangement of postholes that did not have an associated aboriginal pit. These surface 
structures are believed to have been constructed on the aboriginal ground surface, similar to a ramada. The four 
possible structures were identified in the profiles of backhoe trenches, but could not be further defined in plan 
view during mechanical stripping. The four possible structures are not included in the following discussion, as 
they lack the baseline information for size, shape, and interior characteristics. Two other structures from the 
Chiricahua phase sample, Features 2602 and 2605, are not considered in this analysis, as the interpretation of 
either as a houses-in-pit is questionable. Although they are considered houses-in-pits elsewhere in this volume, 
both of these structures have conflicting stratigraphic evidence that suggest they are not structures but part of a 
larger Chiricahua phase occupational surface. As a result, the excavated area, volume, and architectural char-
acteristics associated with these possible structures is potentially misleading. A more in-depth discussion of 
these interpretations are presented in Volume 1, Chapter 4. 

Table 92. Descriptive Statistics of Pit Volume for Extramural Processing/Storage Pits 

Temporal Component n Mean (m3) SD SEM

Chiricahua 195 0.0402 0.06145 0.0044

Chiricahua/San Pedro and San Pedro 75 0.0504 0.07117 0.00822

San Pedro/Cienega and Cienega 30 0.0646 0.06896 0.01259

Cienega/Red Mountain and Red Mountain 61 0.0526 0.09005 0.01153

Pre-Classic through Classic/Protohistoric 16 0.0643 0.06376 0.01594

Key: SD = standard deviation; SEM = standard error of the mean.

Table 93. T-tests by Temporal Component for Volume of Extramural Processing/Storage Pits

  Chiricahua
Chiricahua/San Pedro 

and San Pedro
San Pedro/Cienega  

and Cienega
Cienega/Red Mountain 

and Red Mountain

Chiricahua/San Pedro and San 
Pedro

p = 0.2454      

t = 1.1641      

df = 268      

SED = 0.009      

San Pedro/Cienega and Cienega p = 0.0475 p = 0.3519    

t = 1.9930 t = 0.9352    

df = 223 df = 103    

SED = 0.012 SED = 0.015    

Cienega/Red Mountain and Red 
Mountain

p = 0.2238 p = 0.8722 p = 0.5213  

t = 1.2195 t = 0.1611 t = 0.6438  

df = 254 df = 134 df = 89  

SED = 0.010 SED = 0.014 SED = 0.019  

Pre-Classic, Classic and Classic/
Protohistoric

p = 0.1336 p = 0.4705 p = 0.9890 p = 0.6262

t = 1.5060 t = 0.7248 t = 0.0138 t = 0.4891

df = 209 df = 89 df = 44 df = 75

SED = 0.016 SED = 0.019 SED = 0.021 SED = 0.024

Key: SED = standard error of the difference.
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In general, the structures identified during the Luke Solar project are ephemeral, shallow foundations with 
few identifiable architectural elements such as postholes, entryways, walls, prepared floors, or hearths. As 
mentioned above, the lack of postholes in many of these features may be the result of poor preservation, par-
ticularly considering the age of these features, the shallow nature of the site sediments in which the structures 
existed, and the amount of rodent and insect disturbance. Overall, the sample size of Luke Solar structures is 
low per temporal component, which limits most interpretations. Attributes examined in this discussion include 
the number of intramural pits and postholes, structure volume, and effective floor area. The structure volume 
should be considered a minimum value, given at least some truncation of the upper levels of structure fill by 
mechanical stripping. Effective floor area refers to the useable amount of floor space available in a given struc-
ture (Table 94). Following Gregory’s (2001:40–41) analysis of Late Archaic/Early Agricultural structures at 
Los Pozos, effective floor area was calculated by taking the surface area of a structure floor and subtracting 
the area incorporated by the wall (perimeter postholes) and the surface area of any interior postholes and intra-
mural pits. For the Luke Solar sample, this calculation was completed in ArcGIS using digitized hand-drawn 
structure plan-view maps. As is evident in Table 94, the majority of structures identified at Luke Solar were 
constructed sometime between the Chiricahua and San Pedro phases. Eight of the structures in this sample 
were poorly dated, and are not assigned to a temporal component. 

Of the 44 structures in this sample, only 28 (64 percent)—none of them surface structures—had intramu-
ral pits (see Table 94); 50 such pits were found within these 28 structures. A Chiricahua phase structure (Fea-
ture 1244) had the most intramural pits—a total of four. Of the 50 total intramural pits, 39 are nonthermal, 10 
are thermal, and 1 is considered a hearth. The one example of a hearth is from a San Pedro phase structure 
(Feature 18192) and was characterized as a shallow, heavily-oxidized basin-shaped depression 70 cm in di-
ameter; however, no formal hearth-pit preparation, such as slab- or clay-lined walls, was present. The major-
ity of intramural pits (n = 32, or 64 percent) were circular, with a small number of oval (n = 9), indeterminate 
(n = 6), and irregular (n = 3) plan-view shapes. Similarly, 32 (64 percent) of the intramural pits were basin 
shaped, and a small number were irregularly shaped (n = 7), cylindrical (n = 4), conical (n = 4), and bell-shaped 
(n = 3). Forty-six of the 50 intramural pits had a calculable volume (Table 95). Intramural pit volume is quite 
variable, ranging from 0.001 m3 to 0.21 m3. Nonthermal intramural pits are interpreted as storage pits. The 
amount of intramural storage space is greatest during the Chiricahua and San Pedro phases. A steady decline 
in the number and size of intramural storage pits over time is evident. Intramural thermal pits (including one 
hearth, mentioned above) were likely used for cooking or heating, and like nonthermal pits, are most common 
during the Chiricahua and San Pedro phases. San Pedro phase structures had by far the highest intramural pit 
volume in the sample, including the two largest intramural pits. A thermal bell-shaped pit from a San Pedro 
phase structure (Feature 4308) had a volume of 0.2 m3 but may have been used for storage. Oxidized pit walls 
and copious amounts of stratified burned material in the fill of this intramural pit prompted its interpretation 
as a thermal pit during fieldwork; however, the oxidation of the walls may have been a result of placing hot 
materials in the pit rather than direct firing. The largest intramural nonthermal pit, with a volume of 0.21 m3, 
was a deep, basin-shaped pit in the center of a San Pedro phase structure (Feature 13071). Overall, the amount 
of usable intramural storage space in Luke Solar structures is low compared to other Late Archaic/Early Ag-
ricultural sites. Gregory (2001:Figure 2.12) indicates a mean intramural pit volume of 0.87 m3 at Los Pozos, 
compared to a mean intramural pit volume of 0.04 m3 in the Luke Solar sample. This comparison suggests that 
intramural pit use (storage and cooking/heating) was much less important in the Luke Solar project area than 
for contemporaneous sites along the Santa Cruz River in the Tucson Basin. 

Of the 44 structures in the sample, 30 had identifiable postholes—a total of 304 (see Table 94). The post-
holes were generally circular (n = 281, or 92 percent) in plan view, with a small number of oval (n = 17), ir-
regular (n = 4), and subrectangular (n = 2) shapes. The majority of postholes were also cylindrical (n = 223, 
or 73 percent) in cross-section; smaller numbers were conical (n = 72), irregular (n = 6), and basin-shaped 
(n = 3). The depth of postholes is highly variable, ranging from 2 cm to over 70 cm. The average structure in 
this sample had about seven postholes. However, many of the structures , such as those truncated by backhoe 
trenches, were incomplete; therefore, the average number of postholes per structure is likely much higher. 
Feature 1498 had 56 postholes, the most of any structure. These lay within a floor groove that ran the perim-
eter of the floor, as well as along a protruding entryway. A radiocarbon date from Feature 1498 places it in the 
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Chiricahua phase (1880–1690 cal. b.c.); however, the floor groove and protruding entryway is more indicative 
of later Hohokam-style architecture. The charcoal that produced the Middle Archaic date for Feature 1498 
may have been intrusive into the fill of the structure. Unfortunately, the discrepancy between the radiocarbon 
age and the architectural characteristics of Feature 1498 cannot be reconciled with the available information.

As one can see from Figure 110, the average volume of house-in-pit structures in the Luke Solar sample 
remained relatively steady during the Chiricahua and San Pedro phases but increased dramatically during the 
Cienega phase. A sharp drop in volume is apparent during the Cienega/Red Mountain phase, but volume in-
creases dramatically again during the Red Mountain phase and the pre-Classic period. 

The distribution of effective floor area for Luke Solar structures shows a clustering between 2 and 5 m2 

(Figure 111). The mean effective floor area for Luke Solar structures is similar to the Early Agricultural struc-
tures identified at Los Pozos in the Tucson Basin (Gregory 2001:Figure 2.23). Over time, the total effective 
floor area of structures is highest during the Chiricahua phase (Figure 112). A gradual decline is witnessed from 

Table 94. Structure Metrics

Temporal Component, 
by Structure Typea

Total  
Number of 
Structures

Total Number 
of Intramural 

Pits

Total  
Number of 
Postholes

Average 
Structure 

Volume (m3)

Average 
Floor Area 

(m2)

Average 
Effective Floor 

Area (m2)

Effective Floor 
Area Standard 
Deviation (SD)

House-in-pit

Chiricahua 10 14 98 0.87 4.48 4.13 2.26

Chiricahua/San 
Pedro

4 5 19 0.87 4.62 4.42 1.75

San Pedro 10 17 76 0.65 3.35 2.87 1.60

Cienega 1 — — 1.47 5.68 5.68 N/A

Cienega/Red 
Mountain

4 6 16 0.49 3.30 3.01 0.86

Red Mountain 2 3 14 1.86 9.66 9.39 2.50

Pre-Classic 3 3 22 1.56 7.36 7.14 9.08

N/A 6 2 9 1.00 3.48 3.33 1.36

House-in-pit Total 40 50 254 0.92 4.45 4.14 3.08

Surface structure

Chiricahua/San 
Pedro

1 — 4 —b 6.76 6.75 N/A

Cienega 1 — 15 3.65 10.57 9.91 N/A

N/A 2 — 31 0.07 10.65 10.45 8.35

Surface structure 
Total

4 — 50 1.86 9.66 9.39 5.14

a Does not include possible structures.
b Structure depth was zero, therefore volume could not be calculated.

Table 95. Intramural Pit Volume of House-In-Pit Structures

Temporal Component
Total Number of 
Nonthermal Pits

Total Volume (m3)  
of Nonthermal Pits

Total Number  
of Thermal Pits

Total Volume (m3)  
of Thermal Pits

Total intramural  
Pit Volume (m3)

Chiricahua 9 0.397 4 0.093 0.49

Chiricahua/San Pedro 4 0.088 1 0.003 0.091

San Pedro 8 0.484 5 0.353 0.837

Cienega/Red Mountain 5 0.257 1 0.029 0.286

Red Mountain 3 0.062 — 0.000 0.062

Pre-Classic 2 0.07 — 0.000 0.07

N/A 2 0.016 2 0.091 0.107

Total 33 1.374 13 0.569 1.943
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the San Pedro to Cienega/Red Mountain phases. A slight increase in total effective floor area is then apparent 
during the Red Mountain phase and pre-Classic period. Interestingly, the floor area of surface structures in the 
Luke Solar sample is almost double that of houses-in-pits (see Table 94). This may be due to the intended use 
of surface structures as shade for outdoor activities, as opposed to house-in-pit structures, which may have been 
used for storage or sleeping. Using the example of a ramada, this type of structure would require less invest-
ment of labor compared to a house-in-pit structure, but would provide a larger work area protected from the 
elements. Interestingly, unlike most house-in-pit structures, none of the surface structures had intramural pits, 
suggesting that storage was not an important component for this type of structure. A dramatic increase in the 
average effective floor area of structures is witnessed during the Cienega phase; this is due to a large rectangu-
lar surface structure (Feature 4621) that had almost 10 m2 of usable floor area. Another large surface structure, 
Feature 11105, had an effective floor area of 16.35 m2, but it does not have a direct date; it is assumed to date 
to the Cienega phase, because of its association with two adjacent extramural pits (Features 11106 and 11130) 
that were radiocarbon dated to the Cienega phase (790–520 cal. b.c., and 790–55 cal. b.c., respectively). The 
presence of two large Cienega phase surface structures is intriguing and may represent specialized activities dur-
ing the Cienega phase. During the pre-Classic period, the standard deviation of effective floor area for houses-
in-pits was significantly higher (see Table 94), indicating more architectural variability during this time. For 
example, the structure with the largest effective floor area (17.61 m2 ) in the Luke Solar sample is Feature 3321, 
dating to cal. a.d. 650–770. This floor area is not considered an outlier, however, as Hohokam-age structures 
are much larger on average than Archaic and Early Ceramic period structures (see Ciolek-Torrello et al. 2000). 
For example, Feature 3321 fits well within the range of pre-Classic structures in the eastern Phoenix Basin 
(Ciolek-Torello and Wegener 2011:285), as well as structures excavated at Grewe (Craig 2001:91). It should 
be noted, however, that the pre-Classic structures in the Luke Solar sample were not necessarily indicative of 
standard Hohokam architecture. For example, Feature 3321 did not have a definable entryway, prepared floor, 
plastered hearth, or other architectural characteristics associated with Hohokam-style houses.

In examining architecture, another important thing to note is the presence of de facto assemblages—
artifacts with residual utility located in intramural pits or on the floor of structures. Only three structures 
in the Luke Solar sample contained unbroken floor artifacts, including a manuport and three Lukeoliths on 

Figure 110. Average volume for house-in-pit structures per temporal component.
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Figure 111. Effective floor area distribution for Luke Solar structures.

Figure 112. Total effective floor area of Luke Solar structures by temporal component.
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the floor of a poorly dated structure (Feature 1313), a mano from the floor of another poorly dated structure 
(Feature 10735), and a hammerstone on the floor of a San Pedro phase structure (Feature 2628). Feature 1313 
also had a complete cobble uniface recovered from a posthole. Two other structures had complete artifacts 
recovered from postholes, including a mano from a pre-Classic period structure (Feature 3321), and a cobble 
uniface from a San Pedro phase structure (Feature 2629). Similarly, few intramural pits contained complete 
or serviceable artifacts. For example, a mano was recovered from a nonthermal pit in a Red Mountain phase 
structure (Feature 10849), and a cobble uniface was recovered from a nonthermal pit in a Chiricahua phase 
structure (Feature 1244). This would indicate that the Luke Solar structures were likely not abandoned with 
planned or anticipated return. In fact, numerous examples of extramural caching have been identified at Luke 
Solar, where multiple large, intact ground stone items were found (see Chapter 3, this volume), indicating 
that extramural space was the preferred location for storing usable artifacts. 

An ethnographic study of hunter-gatherer demography in California by Cook (1972) suggests that 2.3 m2  
of floor space is required for each of the first six people occupying a structure, with 9.3 m2  required for each 
additional person. Only one structure assigned to a temporal component (Feature 3321) could have contained 
more than six individuals (13.8 m2 ), but an additional 9.3 m2  area was not available for a seventh individual, 
so Feature 3321 was defaulted to a value of six individuals. Cook’s calculation indicates the largest number of 
people utilizing structures inhabited the project area during the Chiricahua phase (Figure 113). Following the 
Chiricahua phase, a gradual decline in the number of individuals using structures persists through the Cienega/
Red Mountain phase. A slight resurgence in the number of site occupants occurs during the Red Mountain phase 
and pre-Classic period. Ten of the 44 structures in this calculation had less than the 2.3 m2  of effective floor 
area used in Cook’s calculation; therefore, these structures did not meet the minimum floor area for a single 
individual. These small structures may have functioned as storage structures rather than for habitation; these 
include two Chiricahua, four San Pedro, one Cienega/Red Mountain, one pre-Classic, and two poorly dated 
structures not assignable to a temporal component. This analysis of demography provides evidence of site use 
through time and may be taken as a general indicator of overall group size. Previous chapters in this volume 
have presented different lines of evidence for how the Luke Solar project area was used prehistorically. The 
evidence suggests small groups occupied the project area for the procurement and processing of wild plants, 
particularly mesquite. This important site function would not necessarily require the use of shelter. Therefore, 
using Cook’s calculation to evaluate demography has the potential for underestimating the total number of in-
dividuals that occupied the project area over time. 

The examination of Luke Solar architecture provides a few general patterns of site use over time. The 
number of structures per temporal component indicates that the site was likely occupied by residential groups 
during the Middle and Late Archaic periods and that later Ceramic period groups used the site logistically, with 
less frequency, for a shorter duration, and did not require as much shelter. Over half the structures date to the 
Chiricahua or San Pedro phases, suggesting that the most intense use of the project area occurred during this 
time. Although the number of structures declined during the Ceramic period, the size of these Ceramic period 
structures increased. The overall volume of structures generally increased over time; however, the potential 
number of structure occupants declines over time. This suggests that the Luke Solar project area was used by 
the largest number of people during the Chiricahua and San Pedro phases, but they constructed the smallest 
structures. Chiricahua and San Pedro structures also contained the highest number and most substantial intra-
mural features. Along the same lines, the least number of people inhabited the site during the Ceramic period, 
but they constructed the largest structures. These Ceramic period structures are smaller than the typical struc-
tures found at Hohokam residential sites, and they also lack intramural firepits or substantial interior storage 
pits. The low number of Ceramic period houses and their overall lack of intramural storage suggests that these 
structures were used by individuals or small logistical groups. Although the number of people occupying the 
project area varied over time, and the number of structures generally decreased over time, the characteristics of 
these structures remained very similar. Shallow, ephemeral, pole-and-brush architecture characterizes the Luke 
Solar structures, regardless of time period. The information gathered from the analysis of Luke Solar structures 
suggests that use of the site changed little over time (see Chapter 11, this volume).

The evidence from Luke Solar structures suggests that during the Middle and Late Archaic periods, resi-
dential groups consisting of small households occupied the project area. Figures 112 and 113 show that the 
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greatest usable floor area and potential group composition is highest during the Chiricahua and San Pedro 
phases. Table 95 shows that the majority of intramural pits are within Chiricahua and San Pedro phase struc-
tures. These Chiricahua and San Pedro pits also have the greatest capacity for storage and heating/cooking. 
Therefore, the Chiricahua and San Pedro phases represent the most intense use of the site for the greatest 
number of activities by the highest number of people. Further evidence for residential household groups 
during the Middle and Late Archaic period includes the presence of clusters of contemporaneous structures 
and extramural pits in different areas of the project area. In the sections that follow, a spatial analysis of 
features by time period is presented. This analysis shows conspicuous groups of structures assigned to the 
Chiricahua, San Pedro, and Cienega/Red Mountain phases.

Discussion: Spatial Analyses Results

Chiricahua Phase (3500–1200 cal b.c.) Spatial Distribution

Features dated to the Chiricahua phase were among the most numerous of features, and they clustered in mul-
tiple parts of the Falcon Landing site. Extramural and primary features assigned to the Chiricahua component 
at Falcon Landing included 4 activity areas, 11 charcoal/ash lenses, 7 FAR concentrations, 12 house-in-pit 
features, a midden, 232 nonthermal pits, 2 possible structures, 89 thermal pits, and 2 bell-shaped thermal 
pits (Table 96). Ripley’s K estimates indicated that Chiricahua features clustered across a range of scales, 
from 5 to 145 m. The most intense clustering occurred at a scale of 35 m and clustering decreased rapidly 
in intensity at distances exceeding 50 m. 

Figure 113. Potential group composition per temporal component.
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Kernel density estimates indicated that the greatest intensity of feature construction was in the north-
eastern portion of the site, centered on Grid Cell I5 (Figure 114). Here, several house-in-pit features were 
identified, along with an activity area and multiple pits, charcoal/ash lenses, and FAR concentrations. This 
intensively used area of the site extended north into Grid Cell J5, where a midden, multiple pits, and FAR 
concentrations were located. The intensity of feature construction was similar to Grid Cell J5 in three other 
areas of the site during the Chiricahua phase: (1) a cluster that centered on the division between Grid Cells B4 
and B5 and contained two house-in-pit features, an activity area, a thermal feature, and a nonthermal fea-
ture; (2) an activity area centered on the division between Grid Cells D5 and D6 that included an activity 
area and numerous thermal and nonthermal pits; and (3) a cluster centered on the northeastern quadrant of 
J3 that contained two possible structures, an activity area, and numerous thermal and nonthermal pits. In-
terestingly, the feature cluster centered on the division between Grid Cells D5 and D6 was surrounded by 
a halo of extramural artifacts. Pairs of house-in-pit features were present in Grid Cells F1 and D2, along 
with a house-in-pit feature in F4. Kernel density estimates made using estimated artifact counts, per artifact 
class, suggested variation across the site in the location of activities involving different artifact classes dur-
ing the Chiricahua phase. 

In total, 1,940 pieces of FAR were estimated to have been located within sampled or excavated features 
assigned to the Chiricahua temporal component (see Table 96). FAR was found within 3 activity areas, 
2 charcoal/ash lenses, 5 FAR concentrations, 5 house-in-pit features, a midden, 39 nonthermal pits, a pos-
sible structure, 25 thermal pits, and a bell-shaped thermal pit. Kernel density estimates calculated using FAR 
counts indicated that the highest areal density of FAR was in Grid Cell J5, followed by I5, but that FAR was 
concentrated in multiple other locations at Falcon Landing. In the northern portion of the site, FAR tended 
to have been concentrated around structures and a midden (Feature 14587). The location of thermal features 
was fairly consistent with the distribution of FAR across Falcon Landing, although, as noted, the highest 
densities of FAR also were found in and around the midden (Feature 14587) located in Grid Cell J5 (see 
Appendix 10.1, Interactive PDF, Layer 10.1). Here, no thermal features dated to the Chiricahua temporal 
component were identified, but FAR was found in the midden and in 5 nonthermal pit features and an FAR 
concentration, all located within the immediate vicinity of the midden. By far, the most FAR was estimated 
to have been contained within the midden, although the volumetric density of FAR within features was higher 
in surrounding features that contained FAR than it was in the midden. Conceivably, FAR from other thermal 
features located in the general area, such as the numerous thermal features located 50 m to the south in Grid 
Cell I5, was deposited in the midden. Alternatively, it could be the case that FAR found within the midden 
and in other nearby features represents thermal activity in the area of the midden that went unrecognized in 
terms of evidence for in-situ burning. 

Substantial numbers of thermal features were also located in areas of Falcon Landing where FAR density 
was estimated as low. It is plausible that FAR from cleaned-out thermal features was moved away from ther-
mal features by cultural or natural processes or both, thus potentially explaining the low FAR density in some 
areas of the site where thermal features were located. Another possibility is that some use of thermal features 
did not involve the use of lithic materials as thermal mass. The count estimates of FAR, based on estimated 
feature volumes and FAR densities, indicated that 33 percent of FAR in Chiricahua phase features may have 
been deposited in the Feature 14587 midden, whereas 31 percent was deposited in thermal pits, and 24 per-
cent was deposited in nonthermal pits. Overall volumetric density estimates, per feature type, indicated that 
FAR occurred at the highest density within the midden and in FAR concentrations, and at a lower, but still 
relatively high density, in thermal pits, followed by nonthermal pits. A chi-square test comparing the number 
of thermal features with and without FAR and the number of nonthermal features with and without FAR in-
dicated that FAR was found within thermal features significantly more often than expected (Yates χ2 = 4.65, 
df = 1, p = 0.0311. Cramer’s V, however, suggested the strength of association is weak (Cramer’s V = 0.1301). 

In total, 422 ground stone artifacts were estimated to have been located in sampled or excavated fea-
tures assigned to the Chiricahua temporal component (see Table 96). Ground stone artifacts were found in 
4 activity areas, 2 FAR concentrations, 8 house-in-pit features, a midden, 19 nonthermal pits, and 16 ther-
mal pits. Kernel density estimates of ground stone were, by far, highest in Grid Cell J5, but also suggested 
the presence of lower-density concentrations of ground stone artifacts in Grid Cells J3, H3, B4, and B5 
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Figure 114. Spatial distribution of features assigned to the Chiricahua temporal component.
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(see Appendix 10.1, Interactive PDF, Layer 10.2). In Grid Cell J5, ground stone artifacts were located either 
within structures, or in pit features or activity areas located within 20 m of structures. This suggests that 
ground stone artifacts in this area of the site were typically used or stored in and around structures. In Grid 
Cell J3, ground stone also was concentrated in an area where 2 possible structures were located, but all of the 
ground stone was contained within 4 pit features located south of the potential structures, but within 11 m 
of those structures. It is also worth noting that the potential structures in Grid Cell J3 were located within 
a dense cluster of some 90 pit features. However, little is known about the content or function of these pits 
as 69 of them were only examined, rather than sampled or partially or completely excavated. The limited 
information on pit content in this area creates some uncertainty about how ground stone artifacts were dis-
tributed in this area. Ground stone was also abundant in a pit in Grid Cell H3, which contained 24 ground 
stone artifacts, and occurred in lower frequencies in 2 pit features in Grid Cell B4 and in two structures in 
B5. Overall, the distribution of ground stone within features suggests that ground stone artifacts were typi-
cally located in structures or in features located near structures. Estimates of ground stone artifacts, based 
on estimated feature volume and ground stone density, indicated that approximately 42 percent of ground 
stone artifacts in features were located within house-in-pit features, 32 percent were located in thermal pits, 
15 percent were located in nonthermal pits, and the remainder located in features of other types. The highest 
ground stone densities were calculated for FAR concentrations and thermal pits, however.

In decreasing order of abundance, extramural artifacts dated to the Chiricahua temporal component con-
sisted of complete manos, metates, pestles, netherstones, and a manuport. Eighty-four percent of extramural 
artifacts were found in Stratigraphic Units II and IIA (in relatively even numbers between these strata), 15 per-
cent were discovered on the surface of Unit II, and 1 percent was found on the surface of Unit IIA. Extramural 
ground stone artifacts were widely distributed across Falcon Landing and were often located near pit features 
(see Appendix 10.1, Interactive PDF, Layer “Chiricahua extramural artifact”). Extramural ground stone ar-
tifacts were discovered at the highest densities in the west-central portion of Falcon Landing across a broad 
area centering on Grid Cell G1 and in the southeastern portion of the site centering on Grid Cells D5 and D6, 
but they also were discovered in lower densities in other portions of the site. Extramural artifacts appeared to 
cluster at a variety of scales, with relatively large clusters centered on Grid Cells G1, D5, and D6, and smaller 
clusters located within the larger clusters. Ripley’s K suggested that extramural artifacts assigned to the Chir-
icahua component clustered at a wide range of scales. The intensity of clustering of extramural artifacts peaked 
at a scale of 58 m, but small breaks in slope suggested clustering at smaller scales as well, such as between 2 
and 4 m and between 8 and 30 m. Visual examination of the distribution of extramural ground stone artifacts 
suggested that manos and metates often were located in proximity to one another and that manos or metates 
tended to cluster together or with each other. Manos tended to be closest to other manos or, secondarily, to 
metates. Metates tended to be closest to manos or, secondarily, to other metates. There were also multiple, 
small isolated clusters of metates. This suggests that (1) manos and metates may have been stored in caches or 
concentrations consisting of multiple sets of manos and metates; (2) grinding activities were recurrent in spe-
cific site areas, but manos and metates in extramural space were frequently buried between site occupations; or, 
possibly, (3) multiple sets of manos and metates were used concurrently and left near the locations of their use.

Patterning in the distribution of extramural artifacts suggests that manos and metates tended to be stored 
together in extramural space and may have sometimes been stored together as small collections of multiple 
manos and metates. Neither netherstones nor pestles clustered, but both artifact types tended to be located 
closest to manos and, secondarily, to metates. Nearest neighbor statistics indicated that manos (NNI = 0.79) 
and metates (NNI = 0.65) were individually clustered in space and that manos and metates also tended to 
cluster with each other (NNI = 0.66). Netherstones (NNI = 1.94) and pestles (NNI = 1.11) were dispersed, 
by contrast, although they tended to be located closest to manos or metates, as opposed to being located 
close to other netherstones or pestles. Overall, the spatial distribution of ground stone in extramural space 
overlapped fairly closely with the distribution of pits, suggesting that ground stone artifacts in extramural 
space may have been used to process materials stored or further processed in pits (Figure 115).

In total, 980 flaked stone artifacts were estimated to have been located in features assigned to the Chiricahua 
temporal component. Flaked stone artifacts were found in 3 activity areas, 2 charcoal/ash lenses, 2 FAR concen-
trations, 9 house-in-pit features, a midden, 33 nonthermal pits, 20 thermal pits, and 2 bell-shaped thermal pits. 
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Of the flaked stone artifacts dating to the Chiricahua phase, 67 percent were located in the midden, 18 percent 
in activity areas, 8 percent in thermal pits, and 5 percent in house-in-pit features. The highest overall volumet-
ric density of flaked stone artifacts was found in thermal pits, while substantially lower (and similar) densities 
were found in activity areas, the midden, and nonthermal pits.

Flaked stone artifacts were located within structures, activity areas, and a midden, as well as in pits, particu-
larly thermal pits, which were often located near domestic features. Kernel density estimates for flaked stone 
suggested that the highest densities of flaked stone artifacts were found in Grid Cells J5 and B4/B5 (see Ap-
pendix 10.1, Interactive PDF, Layer 10.3). In Grid Cell J5, high quantities of flaked stone artifacts were located 
in a midden (Feature 14587) and in numerous features surrounding the midden. To the south, in Grid Cell I5, 
flaked stone artifacts were also found within structures, an activity area, and in several features located in the 
vicinity of these features. In Grid Cell B4, flaked stone artifacts were found in 2 structures and an activity area 
as well as in 2 pit features. A large area with a high density of flaked stone was also located on the west-central 
portion of Falcon Landing centered on Grid Cell G1, in an area where numerous pits and 2 structures were lo-
cated. Here, flaked stone artifacts were located in numerous pits, approximately half of which were identified 
as thermal pits, as well as in 2 structures. Another area where flaked stone artifacts were concentrated, albeit at 
a relatively low density, was in Grid Cell D6, near an activity area. There, flaked stone artifacts were discov-
ered in relatively low quantities within 5 pits, 4 of which were identified as thermal pits. 

Interestingly, although only 15 percent of pits were identified as thermal in function for the Chiricahua 
temporal component, 40 percent of pit features with flaked stone artifacts were identified as thermal in func-
tion. Moreover, 47 percent of pits with 5 or more estimated flaked stone artifacts were determined to have been 
thermal in function. A 2-by-2 chi-square test was performed using counts of sampled or excavated pit features 
to test if flaked stone was distributed differently between thermal and nonthermal features. The test result indi-
cated there was a significant difference (χ2 = 5.204, df = 1, p <0.022) between thermal features and nonthermal 
features in the presence of flaked stone artifacts. Thermal features contained flaked stone artifacts more often 
than expected and nonthermal features contained flaked stone artifacts less often than expected. The preferential 
distribution of flaked stone in thermal pits, as opposed to nonthermal pits, suggests that flaked stone may have 
been deposited preferentially in thermal pits. This could suggest that flaked stone artifacts made from suitable 
materials such as chert and chalcedony were heat-treated in pits, although the paucity of chert and chalcedony 
artifacts suggests that flaked stone artifacts tended to be reduced next to thermal pits, leaving on the site surface 
flaked stone artifacts that were later washed into or intentionally disposed of in open pits. 

In total, 748 faunal specimens were estimated to have been located within sampled or excavated features 
assigned to the Chiricahua temporal component. Faunal specimens were found within 2 activity areas, a char-
coal/ash lens, 2 FAR concentrations, 9 house-in-pit features, a midden, 34 nonthermal pits, a possible structure, 
17 thermal pits, and 2 bell-shaped thermal pits. Kernel density estimates of faunal specimens indicated that the 
greatest density of faunal specimens was in a single feature located in Grid Cell D2, a deep processing/stor-
age pit that contained 270 faunal specimens (Feature 4235). Relatively high densities of faunal specimens also 
were located in Grid Cell I5, where faunal specimens were found in 2 structures, an activity area, 2 charcoal/
ash lenses, 3 thermal features, and 3 nonthermal features. The density of faunal specimens decreased somewhat 
to the north, in Grid Cell J5, where faunal specimens were found in the midden and several nearby nonther-
mal pit features. Lower densities of faunal specimens were concentrated in the west-central portion of Falcon 
Landing, where they tended to be located either in thermal pits or in processing/storage pits; in an area center-
ing on Grid Cell G5, where faunal specimens were discovered in several processing/storage pits and a firepit; 
and in Grid Cells B4 and B5, where they were found in one of 2 structures, an activity area, and a processing/
storage pit (see Appendix 10.1, Interactive PDF, Layer 10.4). These data suggest that faunal specimens were 
found in wide variety of locations, but they tended to concentrate in features located near activity areas, struc-
tures, or the midden, as well as in nearby pits—a substantial proportion of which were thermal pits. Estimates 
of the number of faunal specimens suggested that as much as 57 percent of faunal specimens were found in 
nonthermal features. However, if we remove the one anomalously large case (Feature 4235) from consider-
ation, then approximately 33 percent of faunal specimens were found in nonthermal features, 36 percent were 
found in thermal features, and 15 percent were found in structures, with most of the remainder found in activity 
areas and the midden. Similarly, the highest volumetric density was calculated for nonthermal features, but if 
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Figure 115. Spatial distribution of extramural artifacts and features assigned to the Chiricahua 
component located in Cluster 5 and nearby clusters.
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Feature 4235 is removed from consideration, then the volumetric density of faunal specimens is similar in ther-
mal and nonthermal features and is slightly higher in thermal features, in comparison to nonthermal features. 

Delineation of Chiricahua Feature Clusters

Using ZNNHC, we were able to identify a series of 15 clusters or cluster aggregates using a fixed distance of 
50 m for calculations (Figure 116). Several of the clusters that were immediately adjacent to each other were 
subjectively lumped into a single cluster to facilitate analysis (Cluster 5). Six of the 15 clusters contained 
house-in-pit features (Table 97). Three of the clusters with one or more house-in-pit features also contained 
an activity area (Clusters 1, 3, and 15), and Cluster 3 contained a midden and two possible structures. With 
the exception of Cluster 14, which contained no structures but did contain an activity area, clusters that in-
cluded structures had the highest estimated feature volumes and the highest feature richness. Four of the 
clusters consisted only of small numbers of nonthermal pits (Clusters 2, 4, 10, and 14), but most clusters in-
cluded both thermal and nonthermal features. In most clusters where both thermal and nonthermal features 
were present, there were four to six nonthermal features for each thermal feature. 

Chiricahua Occupational Episodes

Occupational episodes could be assigned to most features dating to the Chiricahua temporal component 
(Figure 117). However, occupational episodes could not be assigned to most features in Cluster 9 and to a 
handful of features located in other parts of the project sites. The earliest occupation of the sites occurred in 
Cluster 12, where a structure (Feature 4388) dating to Occupational Episode A was discovered, and in the 
southern portion of Cluster 5, where a single thermal feature was identified as dating to this episode. Many 
of the features dating to Occupational Episodes A and/or B were also located in the southern portion of 
Cluster 5, suggesting that use of this area of Falcon Landing may have been roughly contemporaneous with 

Table 97. Counts of Chiricahua Features, According to Cluster and Feature Type

Cluster

A
ct

iv
it

y 
A

re
a

C
ha

rc
o
al

/A
sh

 
Le

ns

FA
R

 
C

o
nc

en
tr

at
io

n

F
lo

o
r 

G
ro

o
ve

H
ea

rt
h

H
o
us

e
-in

-P
it

M
id

d
en

N
o
n-

th
er

m
al

 
P

it

N
o
n-

th
er

m
al

 P
it
 

(B
el

l-
sh

ap
ed

)

P
o
st

ho
le

S
tr

uc
tu

re
 

- 
P

o
ss

ib
le

T
he

rm
al

 P
it

T
he

rm
al

 P
it
 

(B
el

l-
sh

ap
ed

)

To
ta

l
None — 1 1 — — — — 10 — — — 2 — 14

1 1 — — — — 1 — 78 — — 2 19 — 101

2 — — — — — — — 3 — — — — — 3

3 2 6 7 — 1 4 1 126 1 72 — 30 — 250

4 — — — — — — — 5 — — — — — 5

5 — 4 — — — 2 — 176 — — — 30 2 214

6 — — 2 — — — — 8 — — — 2 — 12

7 — 2 1 — — — — 23 — — — 2 — 28

8 — 1 — — — — — 34 — — — 5 — 40

9 — — — — 1 1 — 19 — — — 3 — 24

10 — — — — — — — 4 — — — — — 4

11 — — — — — — — 4 — — — 2 — 6

12 — — — — — 2 — 7 1 24 — — — 34

13 — — — — — — — 7 — — — — — 7

14 1 — — — — — — 75 — — — 7 — 83

15 1 — — 2 1 2 — 5 1 62 — 1 — 75



 459

Figure 116. Clusters of features assigned to the Chiricahua temporal component using Zonal Nearest 
Neighbor Hierarchical Cluster Analysis.
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Figure 117. Spatial distribution of features assigned to the Chiricahua temporal 
component, based on occupational episode.
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the use of Feature 4388. Small clusters of features dating to Occupational Episodes A and/or B were also 
located in many other areas of the site. These typically consisted of several nonthermal pits, suggesting that 
use of Falcon Landing during Occupational Episodes A and/or B often involved the use of small, isolated 
clusters of closely spaced pits for processing and/or storage activities.

Large numbers of features were also assigned to Occupational Episodes B and/or C. These features were 
concentrated in Clusters 1, 3, 7, 8, and 14, and in the northern half of Cluster 5. The shift in spatial distribu-
tion across Falcon Landing from features dated to Occupational Episodes A and/or B to features dated to 
Occupational Episodes B and/or C suggests that use of Falcon Landing during Episodes B and/or C shifted 
away from previously occupied areas to involve more-intensive occupation in areas where small isolated 
clusters of nonthermal features had previously been used for processing or storage activities. The vast major-
ity of features in Cluster 3—including the two smaller structures, the midden, and the activity area—dated 
to Occupational Episodes B and/or C, and one of the two larger structures dated to Occupational Episode C 
(Figure 118). The other large structure in Cluster 3 was not dated to an occupational episode. Similarly, in 
Cluster 1, one possible structure dated to Occupational Episode B and the other possible structure to Occupa-
tional Episode C, while most of the pit features date to Occupational Episodes B and/or C. In Cluster 14, most 
features dated to Occupational Episodes B and/or C, but the activity area dated to Occupational Episode B. 

Features dated to Occupational Episode D were relatively isolated and few in number. In the northern 
portion of Falcon Landing, one isolated structure on the far eastern edge of Cluster 1 dated to Occupational 
Episode D (Feature 2642). One nonthermal pit in Cluster 14 dated to Occupational Episode D and one struc-
ture in Cluster 15 (Feature 1498) dated to Occupational Episode D. The sparse distribution of features dated 
to Occupational Episode D potentially suggests less-intensive use of Falcon Landing during this period. How-
ever, because two of the few features dated to Occupational Episode D were structures, it could also be the 
case that many features associated with this occupation could not be dated and may not have been assigned 
to a temporal component. 

Features dated to Occupational Episode E and assigned to the Chiricahua temporal component consisted 
of three structures. Two of these (Features 10114 and 11229) were located in the southern half of Cluster 5, 
and the other (Feature 1244) was located in Cluster 15, 20 m distant from a structure occupied during Oc-
cupational Episode D. The location of these features, exclusively in the southern portion of Falcon Landing, 
suggests that residential use of the site had shifted south. This is consistent with the distribution of Chirica-
hua/San Pedro features, as Chiricahua/San Pedro features were found in the same area of Falcon Landing, 
between Features 10114 and 11229 and Feature 1244. 

Chiricahua/San Pedro Phase (1380–920 cal b.c.) Spatial Distribution

Extramural and primary features assigned to the Chiricahua/San Pedro temporal component included an ac-
tivity area, a burial, 2 caches, 2 charcoal/ash lenses, 8 FAR concentrations, 4 house-in-pit features, 83 non-
thermal pits, 3 bell-shaped nonthermal pits, 1 surface structure, 32 thermal pits, and a bell-shaped thermal 
pit (Table 98). Ripley’s K estimates indicated that Chiricahua/San Pedro features clustered across a broader 
range of scales than Chiricahua features, clustering in the ranges of 5 m to 220 m. The most intense clus-
tering was found at a scale of 80 m, apparently because most of the features were in one large cluster that 
centered on Grid Cells E2 and D2. Change in slope in the clustering curve suggested several clustering re-
gimes: 5−20 m, 20−45 m, 45−50 m, and 50−80 m.

Kernel density estimates of feature volume showed that the construction of most Chiricahua/San Pedro 
features was confined to the southern portion of Falcon Landing (Figure 119). A few isolated features as-
signed to this temporal component also were located in the northern portion of Falcon Landing, however 
(see Appendix 10.1, Interactive PDF, Layer “Chiricahua/San Pedro feature type”). Kernel density estimates 
of feature volume calculated using a 50-m distance suggested that three peaks in the intensity of feature con-
struction occurred in Grid Cells E2 and D2 and another peak was in Grid Cell A2, associated with Site 68. 
Areas of lower intensity of feature construction occurred in Grid Cell A1 in Site 68 and in Grid Cell A3 in Fal-
con Landing. Peaks in the intensity of feature construction centered around an activity area and multiple FAR 
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Figure 118. Spatial distribution of features assigned to the Chiricahua temporal component in 
Cluster 3 of the Chiricahua feature distribution.
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Figure 119. Spatial distribution of features assigned to the Chiricahua/San Pedro temporal 
component.



 465

concentrations in the northern part of Grid Cell E2, two bell-shaped pits surrounded by pit features in Grid 
Cells E2 and D2, numerous pits and a surface structure and house-in-pit in the southern half of Grid Cell D2, 
and several pits and a bell-shaped pit in Grid Cell A2. Features in Grid Cell A1 consisted of a house-in-pit 
(Feature 88) and three nonthermal features; features in Grid Cell A3 consisted of a house-in-pit (Feature 3521) 
with two intramural nonthermal pits.

When calculated using a smaller distance of 20 m, kernel density estimates showed clustering in the 
same areas, but at a finer level of detail. Kernel density estimates using feature volume and the distance of 
20 m suggested the presence of multiple small clusters in the core area of Chiricahua/San Pedro occupa-
tion. These included clusters centering on an activity area, a house-in-pit, and several clusters of pit features. 
This suggests the presence of some fine-scale clustering that may signal the presence of different activity 
loci within larger clusters of Chiricahua/San Pedro features. 

In total, 526 pieces of FAR were estimated to have been located in sampled or excavated features as-
signed to the Chiricahua/San Pedro temporal component (see Table 98). FAR was found in an activity area, 
a cache, a house-in-pit, an FAR concentration, 8 nonthermal pits, 8 thermal pits, and 1 bell-shaped thermal 
pit. FAR was found mostly in individual features or small groups of features that were widely separated 
from each other. FAR was not discovered in the southernmost portion of the distribution of Chiricahua/
San Pedro features, although most of the features in that area of the site were either sampled or excavated. 
Interestingly, many of the clusters defined with ZHNNC analysis using a 20-m distance (see below) in the 
northern part of the distribution had one or two features with FAR in them and these often occurred near the 
edge of a cluster defined using ZHNNC. Estimates of FAR counts indicated that during the Chiricahua/San 
Pedro temporal component, 42 percent of FAR was located in nonthermal features, 25 percent in thermal 
features, 19 percent in an activity area, and 10 percent in FAR concentrations. While thermal features consti-
tuted only 22 percent of the pit features that were tested or excavated, slightly more than half of pit features 
with FAR were thermal features as opposed to nonthermal pit features. In other words, whereas more FAR 
overall was found in nonthermal pit features, a larger percentage of thermal pit features contained FAR than 
did nonthermal features. To test if FAR was deposited more often than expected in thermal features or in 
nonthermal features, we calculated the number of thermal and nonthermal pit features that contained FAR 
and the number of those features that had been subject to testing or excavation. The results indicated that, 
in comparison to nonthermal features, FAR was discovered in thermal features more often than expected, 
whereas FAR was found in nonthermal features less often than expected (χ2 = 6.84, p = 0.0089). The overall 
density of FAR per feature type was highest in FAR concentrations and an activity area. The density of FAR 
in pits was lower for thermal features and somewhat lower in nonthermal features and was much lower for 
other feature types. A chi-square test using the total estimated FAR count in thermal and nonthermal fea-
tures and the estimated volume of thermal and nonthermal features also suggested that the amount of FAR 
in thermal features was greater than expected, whereas the amount of FAR in nonthermal features was, in 
comparison, less than expected (χ2 = 8.10, p = 0.0004). These data suggest that FAR was found more often 
than expected in thermal pit features in comparison to nonthermal pit features, despite the fact that more 
FAR overall was found in nonthermal pit features, which were more numerous than thermal pit features. 
FAR was seldom encountered in the many thermal features located in Grid Cells E2 and D2. By contrast, 
thermal features dating to Chiricahua/San Pedro in other parts of the site typically did contain FAR. This 
could suggest that thermal features in Grid Cells E2 and D2 were frequently cleaned out or, perhaps, that 
their use rarely included the use of FAR as thermal mass (see Appendix 10.1, Interactive PDF, Layer 10.5).

In total, 176 ground stone artifacts were estimated to have been located in sampled or excavated features 
assigned to the Chiricahua/San Pedro temporal component. Ground stone artifacts were found in four thermal 
pits, nine nonthermal pits, two caches, four FAR concentrations, a house-in-pit, and an activity area (which 
overlapped with the house-in-pit). Ground stone artifacts were most heavily concentrated in the northeast-
ern quadrant of Grid Cell E2, where they were found in an activity area, a house-in-pit, within two nonther-
mal features overlapping the activity area and house-in-pit, and in two nearby FAR concentrations. Ground 
stone artifacts were also discovered in scattered pit features located to the south of this concentration in Grid 
Cells C1, C2, D2, and E2 (see Appendix 10.1, Interactive PDF, Layer 10.6). Overall, most ground stone arti-
facts dating to Chiricahua/San Pedro were discovered in nonthermal features, with smaller numbers located 
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in an activity area, FAR concentrations, thermal pits, a burial, and a house-in-pit feature. Interestingly, ground 
stone was comparatively rare in house-in-pit features but was comparatively more common in such features 
during the preceding Chiricahua phase A chi-square test of total estimated ground stone counts and feature 
volumes for nonthermal features and all other features indicated that ground stone artifacts were deposited 
more often in nonthermal pits than they were in features of other types (χ2 = 89.15, p < 0.001). Overall volu-
metric densities calculated per feature type, however, indicated that the highest densities of ground stone 
artifacts were found in a cache and FAR concentrations, and ground stone artifacts were found at somewhat 
lower densities in nonthermal pits and an activity area. 

Extramural artifacts assigned to the Chiricahua/San Pedro temporal component consisted entirely of ma-
nos, metates, or pestles and were distributed primarily within one portion of the distribution of Chiricahua/
San Pedro features at Falcon Landing. Nearest neighbor statistics suggested that extramural artifacts were 
not clustered (NNI = 1.00). However, nearly all extramural artifacts were found in the vicinity of pit features 
containing ground stone, often within 5−10 m of a feature containing ground stone. Moreover, in the north-
ern part of the distribution, in Grid Cells E2 and D2, pestles and metates were primarily located between 
clusters of features identified with ZHNNC using a 20-m fixed distance, rather than within them, suggest-
ing that such artifacts may have been stored or used in extramural space located immediately surrounding 
concentrations of pit features. Also, although the sample size was quite low, pestles were concentrated on 
the west, metates in the center, and manos on the eastern side of the distribution of extramural artifacts at 
Falcon Landing. This suggests there was some patterning in extramural ground stone artifacts with respect 
to artifact types and feature clusters.

In total, 1,650 flaked stone artifacts were estimated to have been located in sampled or excavated features 
assigned to the Chiricahua/San Pedro temporal component. Flaked stone artifacts were found in 2 house-
in-pit features, an FAR concentration, 10 thermal pits, 20 nonthermal pits, and 2 nonthermal bell-shaped 
pits. The highest density of flaked stone artifacts was in the southwestern portion of Grid Cell D2 where 
flaked stone artifacts were found in several closely spaced features, including a house-in-pit, 3 nonthermal 
features, and a thermal feature (see Appendix 10.1, Interactive PDF, Layer 10.7). Another high-density 
cluster of flaked stone artifacts was approximately 50 m to the north where it centered on the southwestern 
quadrant of Grid Cell E2. This cluster of flaked stone was recovered from a cluster of features consisting 
of 5 nonthermal features, 2 thermal features, and a thermal bell-shaped pit, all with flaked stone artifacts, 
that surrounded 2 nonthermal bell-shaped pit features with flaked stone. A high density of flaked stone ar-
tifacts also was located in Grid Cell A2, where a burial feature (Feature 106) contained 229 flaked stone 
artifacts and a mano. Moderately high densities of flaked stone artifacts were found in a thermal feature in 
Grid Cell F1 and in a thermal feature and a nonthermal feature in Grid Cell F3. Flaked stone artifacts were 
found in multiple other features outside these higher-density areas, but most of these were confined to the 
northern part of the distribution of Chiricahua/San Pedro features. Most of the areas where flaked stone ar-
tifacts were found in features, but at comparatively lower kernel densities, had few features that were tested 
or excavated, however. Variation in the level of effort expended on the features could account for the lower 
density of flaked stone in these areas, suggesting that variation in kernel density estimates for flaked stone 
artifacts was a by-product of sampling intensity and that, possibly, flaked stone densities in these areas were 
higher than was estimated. Although not distinguished as a higher density area of flaked stone artifacts, 
features with flaked stone artifacts in this area of the Chiricahua/San Pedro feature distribution appeared to 
cluster around a surface structure (Feature 8561) in the northern portion of Grid Cell C2. The overall density 
of flaked stone was quite similar between thermal and nonthermal pits, however, suggesting that deposition 
of flaked stone artifacts may have occurred at similar rates in both thermal and nonthermal pits during the 
Chiricahua/San Pedro. Overall density in other feature types was several times lower than that calculated 
for thermal or nonthermal pits. 

With the exception of the large number of flaked stone artifacts in a single burial feature (Feature 106) at 
Site 68, few flaked stone artifacts were found in the southern portion of the distribution—in Grid Cells A1, 
A2, and A3—where small numbers of flaked stone artifacts were found in a house-in-pit and in a nonther-
mal pit. Many of the features in this area were tested or partially or fully excavated, suggesting that the low 
densities of flaked stone in the southern portion of the project area may be an accurate reflection of the 
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distribution of flaked stone artifacts during the Chiricahua/San Pedro use of the project area. Overall, the 
distribution of flaked stone artifacts suggests that flaked stone artifacts were found primarily in the northern 
portion of the project area where 32 percent of tested or excavated features contained flaked stone artifacts. 
In the southern portion of the project area, 20 percent of tested or excavated features contained flaked stone. 
As noted, however, one of these features, a burial (Feature 106) from Site 68, contained 229 flaked stone arti-
facts. Features with flaked stone artifacts appear to have been clustered around a house-in-pit (Feature 4349), 
two bell-shaped nonthermal pits (Features 4288 and 4291), and around a surface structure (Feature 8561). 
Moreover, clusters of features containing flaked stone appear to have been relatively confined in space, span-
ning a distance of 15–40 m. This suggests that the use or maintenance of flaked stone tools may have been 
concentrated in particular sections of the project area, focused around particular features or activity areas. 

In total, 638 faunal specimens were estimated to have been located in sampled or excavated features 
assigned to the Chiricahua/San Pedro temporal component. Faunal specimens were found in 2 caches, an 
FAR concentration, 3 house-in-pit features, 20 nonthermal pits, a bell-shaped nonthermal pit, 10 thermal 
pits, and a bell-shaped thermal pit. Faunal specimens were more widely distributed across Falcon Landing 
than were artifacts of other classes. Interestingly, the highest density of faunal specimens was in an isolated 
feature (Feature 18880) located in Grid Cell I4, 300 m or more distant from other concentrations of faunal 
specimens dating to the Chiricahua/San Pedro temporal component (see Appendix 10.1, Interactive PDF, 
Layer 10.8). This completely excavated feature was interpreted as a deep, basin-shaped nonthermal pit used 
for storage and contained some 268 faunal specimens (238 of which were marine-shell beads), as well as 
13 stone beads and 7 flaked stone artifacts. Farther to the south, in the core area of the Chiricahua/San Pe-
dro distribution, faunal specimens were densely distributed in a house-in-pit and 3 closely situated pit fea-
tures in Grid Cell D2 and in a broad array of thermal and nonthermal pits (including 2 bell-shaped pits) in 
Grid Cell E2. These two areas overlapped fairly closely with higher-density areas of flaked stone artifacts, 
suggesting a possible association between the deposition of faunal specimens and flaked stone artifacts in 
these areas. A small area of moderate faunal density also was found in Grid Cell C2, where small numbers 
of faunal specimens were found in a cache, a charcoal/ash lens, an FAR concentration, a thermal pit, and 
a nonthermal pit. Interestingly, this area was located immediately west of a surface structure that also con-
tained faunal material, suggesting that deposition of faunal specimens in this area may have been associated 
with use of the surface structure. This same area also had a cluster of features with flaked stone artifacts, 
suggesting a possible association between faunal specimen deposition and flaked stone artifact deposition. 
Although not identified as having a dense concentration of faunal specimens, a house-in-pit and 2 nearby 
nonthermal features in Grid Cell A1 (Site 68) contained faunal material as did the isolated house-in-pit in 
Grid Cell A3 (Falcon Landing). 

The majority of faunal specimens dating to Chiricahua/San Pedro were discovered in nonthermal features, 
with smaller numbers found in thermal pits and house-in-pit features. If we remove the anomalous case of 
Feature 18880, which contained 42 percent of all estimated faunal material, the majority of faunal material 
was still found in nonthermal pits (59 percent), while 18 percent were found in thermal pits, and another 
18 percent were found in house-in-pit features. The overall density of faunal material, however, was by far 
the highest in caches and bell-shaped pits, and secondarily in house-in-pit features; it was substantially lower 
in features of other types. Given the interpretation of Feature 18880 as having been used for storage and the 
relatively high density of faunal specimens in caches, nonthermal bell-shaped pits, and to a lesser degree in 
house-in-pit features—as well as the discovery of most faunal specimens in nonthermal pits (interpreted as 
having been used for processing or storage)—it appears that faunal material was sometimes stored as shell 
beads in pits and was less often deposited in pits in the context of cooking activities. Faunal material also 
appears to have been concentrated in and around houses-in-pits as well as near a surface structure, suggest-
ing an association between faunal deposition and areas adjacent to structures. 



 468

Delineation of Chiricahua/San Pedro Feature Clusters

Using ZNNHC, we were able to identify a series of 7 clusters or cluster aggregates defined by using a fixed 
distance of 50 m. These calculations suggested that at this scale (50 m) there were 4 large clusters in the 
northern part of the Chiricahua/San Pedro feature distribution (centering on Grid Cells C2, D2, and E2) and 
3 small clusters of features in the southern part of the distribution (centering on Grid Cells A1, A2, and A4). 
Because Ripley’s K analysis suggested that Chiricahua/San Pedro features also clustered at the scale of 20 m, 
we ran the same analysis using a fixed distance of 20 m (Figure 120). This analysis, conducted at a scale of 
20 m, suggested the presence of as many as 10 clusters of features in the northern part of the distribution of 
Chiricahua/San Pedro features as well as 4 small clusters in the southern part of the distribution. The clusters 
defined at a scale of 20 m, particularly in the northern part of the distribution, appear to be more meaningful 
than the clusters defined at a scale of 50 m because they appear to be more discrete, consisting of clusters of 
pit features, FAR concentrations, and other features. In several cases, clusters appear to have been organized 
around bell-shaped pits, a house-in-pit, or a surface structure, suggesting the clustering of processing and 
storage activities around larger features that may have focused these activities in specific parts of the site.

Occupational Episode E (1390–800 cal b.c.) of Chiricahua/San Pedro Features

Only 10 features assigned to the Chiricahua/San Pedro temporal component were assigned to Occupational 
Episode E (1390–800 cal. b.c.) (Three Chiricahua phase structures were assigned to Episode E as were all 
features assigned to the San Pedro temporal component). Curiously, 7 of 10 of these features were relatively 
isolated, located to the north of the vast majority of features assigned to this temporal component, in areas 
where no other features dated to this component were located. Indeed, all of these features were located amongst 
dense distributions of features that could not be assigned to a temporal component, suggesting that some of 
the undated features may have been coeval with Chiricahua/San Pedro use of Falcon Landing and Site 68. 

San Pedro Phase (1200–800 cal b.c.) Spatial Distribution

Extramural and primary features assigned to the San Pedro temporal component (1200–800 cal b.c.) included 
10 house-in-pit features, a midden, 16 nonthermal pits, a reservoir, and 8 thermal pits (2 of which were bell 
shaped) (Table 99). Unlike earlier components, which included many more features, many of which were 
only examined, all of the San Pedro houses-in-pits were completely excavated and nearly all other features 
were also completely excavated. The few remaining features assigned to the component were partially ex-
cavated or sampled. 

Ripley’s K estimates indicated that San Pedro phase features clustered in the range of 5 to 80 m, a more 
narrow range of scales than Chiricahua or Chiricahua/San Pedro features. Clustering was pronounced at 
scales of 15 m and 55 m. The lower-confidence envelope, calculated with 99 permutations, indicated that 
clustering may only occur at scales less than 50 m, however. The more irregular intensity of clustering 
across a comparatively narrow range of scales, in comparison to the clustering of Chiricahua or Chiricahua/
San Pedro features, probably resulted from the much smaller number of features assigned to the San Pedro 
temporal component and the comparative rarity of pit features, which made up the majority of clustered 
features for earlier components.

The San Pedro temporal component was substantially different from earlier components in that it con-
sisted of a much smaller number of features, the features were widely separated across the site (with clusters 
of features separated on average by over 200 m), and half of the primary features were house-in-pit features 
(Figure 121). By contrast, features for previous components were far more numerous, clusters of features 
were more closely spaced, and the most common features were pits. The reservoir feature (Feature 10278) 
was located in Grid Cell H6 in the northeastern quadrant of the site. The feature closest to the reservoir was a 
house-in-pit (Feature 18887) located approximately 60 m to the southwest of the reservoir. Features clustered 
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Figure 120. Clusters of features assigned to the Chiricahua/San Pedro temporal component using 
Zonal Nearest Neighbor Hierarchical Cluster Analysis and a Fixed Distance of 20 m.
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Figure 121. Spatial distribution of features assigned to the San Pedro temporal component.
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most in the southwestern and northernmost areas of the distribution of San Pedro features, but also occurred 
in Grid Cells D5, H0, H5, and H6. In Grid Cell E2, 2 San Pedro house-in-pit features were located within 
11 m of each other, and 2 other house-in-pit features were located within 60 m of the 2 more closely spaced 
structures. These features fell within or were adjacent to clusters defined for the Chiricahua/San Pedro tem-
poral component (Clusters 2, 3, and 6) (see Figure 120), suggesting that features in this area represent serial 
occupation of a previously used locale or were potentially coeval with Chiricahua/San Pedro features located 
in this area of Falcon Landing. 

In Grid Cell J4, two San Pedro house-in-pit features overlapped slightly with each other, and another was 
located just 4 m away from these two structures. Another structure was located 45 m to the southwest of these 
three tightly clustered house-in-pit features (Figure 122). Perhaps, these tight groupings of structures repre-
sent serially occupied locations or multiple, closely spaced residences occupied at the same time. Features 
in this area were located within a short distance of Clusters 1 and 2 defined for the Chiricahua component. 
Most other San Pedro features were located within or along the edges of clusters defined for the Chiricahua 
component, suggesting that during the San Pedro phase, seasonal residences were established in some of 
the same areas of the site that had been used logistically during the Chiricahua phase (Figures 123 and 124).

In total, 181 pieces of FAR were estimated to have been located within features assigned to the San 
Pedro temporal component (see Table 99). All FAR was concentrated in two areas of the site: (1) within 
three house-in-pit features and a nonthermal pit in Grid Cells E1, E2, and F1; and (2) within four house-in-
pit features in Grid Cell J4 (see Appendix 10.1, Interactive PDF, Layer 10.9). The largest amount of FAR 
was found in a house-in-pit (Feature 13071) in the southwestern corner of Grid Cell J4. Ninety-seven per-
cent of FAR was found in house-in-pit features; the remaining 3 percent was found in nonthermal pits. The 
overall density of FAR in house-in-pit features was 5.6 times higher than had been calculated for Chirica-
hua/San Pedro features, and the overall density of FAR in nonthermal features was only 8 percent of the 
overall density of FAR in nonthermal features calculated for Chiricahua/San Pedro features. This suggests 
that FAR may have been deposited substantially more often in house-in-pit features than in other features 
during the San Pedro phase, in comparison to the Chiricahua/San Pedro temporal component. However, 
the small number of pits and other nonstructural features attributed to the San Pedro component likely in-
fluenced this pattern.

In total, 23 ground stone artifacts were estimated to have been located within features assigned to the 
San Pedro temporal component. Ground stone artifacts were found in small numbers in five house-in-pit 
features, a nonthermal pit, and a midden. Ground stone artifacts were distributed at the highest densities 
in the same areas as was FAR but were also found in a midden in Grid Cell G5, where the largest number 
of ground stone artifacts was estimated to have been deposited during the San Pedro component (see Ap-
pendix 10.1, Interactive PDF, Layer 10.10). In all of these areas, from one to five ground stone artifacts 
were found in individual features containing ground stone. Seventy-four percent of ground stone artifacts 
were found in house-in-pit features, 17 percent in the midden, and 8 percent in nonthermal pits. The over-
all volumetric density of ground stone artifacts was quite low and was a little more than a tenth of the den-
sity calculated for Chiricahua/San Pedro features. No extramural artifacts were attributed to the San Pedro 
temporal component.

In total, 371 flaked stone artifacts were estimated to have been located within features assigned to the 
San Pedro temporal component. Flaked stone artifacts were found in 75 percent of primary features. The 
largest amounts of flaked stone were located in a house-in-pit (Feature 4302) in Grid Cell E2 and a non-
thermal pit (Feature 4355) in Grid Cell D1 (see Appendix 10.1, Interactive PDF, Layer 10.11). Incidentally, 
these features were located in the same area where flaked stone artifacts were found at their greatest den-
sity for the Chiricahua/San Pedro temporal component. Because San Pedro features in the southern area of 
the sites were located in proximity to Chiricahua/San Pedro features and dated to Occupational Episode E 
as did nearby Chiricahua/San Pedro features, it seems plausible that flaked stone artifacts in Chiricahua/
San Pedro and San Pedro features were derived from the same sets of activities. The next highest density of 
flaked stone was located in a midden more than 230 m to the west of Features 4302 and 4355, suggesting 
that activities involving the deposition of flaked stone artifacts were concentrated in the south-central por-
tion of Falcon Landing during the San Pedro phase. For all feature types combined, the overall volumetric 
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Figure 122. Clustered San Pedro house-in-pit features in Grid Cell J4.
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Figure 123. Comparison of San Pedro feature locations with Chiricahua and Chiricahua/San Pedro 
feature distributions.
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Figure 124. Comparison of San Pedro feature locations with Chiricahua and Chiricahua/San Pedro 
feature distributions in Grid Cells D2 and E2 and Neighboring Cells.
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density for flaked stone was substantially lower for the San Pedro component than was calculated for the 
Chiricahua/San Pedro component. However, among feature types, overall volumetric density of flaked stone 
was much higher for house-in-pit features and nonthermal pits assigned to the San Pedro component, in 
comparison to the density of flaked stone in the same feature types for the Chiricahua/San Pedro component. 

In total, 120 faunal specimens were estimated to have been located within features assigned to the San 
Pedro temporal component. Like flaked stone artifacts, faunal specimens were found in 75 percent of primary 
features assigned to the San Pedro component. Faunal specimens were found in seven house-in-pit features, 
the midden, four nonthermal pits, the reservoir, and two thermal pits. The highest density of faunal specimens 
from the San Pedro phase was found in Grid Cell E2, in the same area where faunal specimen density was 
also high for features assigned to the Chiricahua/San Pedro component (see Appendix 10.1, Interactive PDF, 
Layer 10.12). Faunal density was also relatively high in a house-in-pit (Feature 18192) in Grid Cell H0 and 
in a midden feature (Feature 3256) in Grid Cell D5. The highest volumetric density of faunal specimens was 
found in nonthermal pits, however, with lower densities found in house-in-pit features and the midden. Faunal 
specimen volumetric density was substantially higher in nonthermal pits and house-in-pit features for the San 
Pedro phase than was calculated for features of these types assigned to the Chiricahua/San Pedro component 
and was 2.5 times higher overall for all San Pedro features, in comparison to Chiricahua/San Pedro.

All primary features assigned to the San Pedro component were assigned to Occupational Episode E. 
As discussed above, this is the same episode to which were assigned 10 of the features assigned to the Chir-
icahua/San Pedro component, including a house-in-pit, 6 nonthermal pits, and 3 thermal pits. Nearly all of 
the Chiricahua/San Pedro features assigned to Occupational Episode E were within 50 m of a San Pedro 
feature, and many were within 20 m, suggesting that the features may have been part of the same compo-
nent, or that this area of Falcon Landing was repeatedly reoccupied during portions of Chiricahua and San 
Pedro phases of the Archaic period. 

San Pedro/Cienega (920–720 cal b.c.) and 
Cienega Phase (800 cal b.c.–cal a.d. 50) Spatial Distribution

Only six features, all of them nonthermal pits located in Grid Cell A4, were assigned to the San Pedro/Cienega 
(920–720 cal b.c.) temporal component. Moreover, only one of these was excavated, yielding five faunal 
specimens; the rest of the features were only examined. Thus, there is limited information regarding the San 
Pedro/Cienega temporal component.

The Cienega (800 cal b.c.–cal a.d. 50) temporal component, by comparison, was substantially larger. 
Extramural and primary features assigned to the Cienega temporal component consisted of 33 nonthermal 
pits, 4 nonthermal bell-shaped pits, 2 thermal pits, 2 charcoal/ash lenses, an activity area, a cache, a house-
in-pit, and a surface structure (Table 100). Ripley’s K estimates indicated that Cienega phase features clus-
tered across the same range of scales as Chiricahua features, from 5 to 145 m. Clustering was most intense at 
55 m. Changes in slope suggested multiple clustering regimes (5–30 m, 30–40 m, and 40–55 m), although the 
relatively small sample size might also suggest sample-size effects could have generated variation in slope. 
The greatest intensity of feature construction occurred in the vicinity of a large activity area (Feature 1239) 
in the southeastern corner of Grid Cell B4 and around a house-in-pit feature (Feature 1413) located 30 m to 
the southwest of Feature 1239 in Grid Cell A4.

Cienega features were located across the entire north-south extent of the site but were concentrated on 
the eastern half of the site (Figure 125). Clusters of features centered on Grid Cells B4, D6/D6, and H5, and 
isolated features were located in Grid Cells G6 (a nonthermal pit) and K5 (a surface structure). The largest 
cluster was located in the southern portion of the site, centering on Grid Cell B4, and it contained 77 percent 
of the features assigned to the Cienega temporal component. The vast majority of features in this cluster were 
nonthermal pits, but 3 nonthermal bell-shaped pits, 3 thermal pits, 2 charcoal/ash lenses, an activity area, a 
cache, and a house-in-pit feature were also located within this cluster. However, more than a third of non-
thermal pits were only superficially examined, suggesting there could have been greater variation in pit types 
in this area than was documented. Interestingly, the 6 nonthermal pits assigned to the San Pedro/Cienega 
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Figure 125. Spatial distribution of features assigned to the Cienega temporal component.
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temporal component were found at the southern edge of this cluster and appear to have been part of the same 
cluster of features. The cluster centering on Grid Cell D6/D6 contained 2 nonthermal pits and a nonthermal 
bell-shaped pit. The cluster of features centering on Grid Cell H5 consisted of 10 nonthermal pit features, 9 
of which were only superficially examined; the tenth was sampled. 

In total, 349 pieces of FAR were estimated to have been located in sampled or excavated features as-
signed to the Cienega component (see Table 100). FAR was found in one-third of primary features that were 
sampled or excavated. FAR was found in 12 nonthermal pits, 2 thermal pits, a nonthermal bell-shaped pit, 
an activity area, and a surface structure. FAR was found in features in most areas of the site where Cienega 
component features were located, with the exception of the features in Grid Cell H5, where only 1 of 9 pit 
features was sampled, and the remainder only superficially examined (see Appendix 10.1, Interactive PDF, 
Layer 10.13). Features with FAR were most common in Grid Cells A4 and B4. Ninety-three percent of FAR 
artifacts were located in nonthermal pits, 5 percent were located in a nonthermal bell-shaped pit, with the 
remainder found in an activity area, a surface structure, and in thermal pits. Overall volumetric density for 
FAR was, by far, highest for nonthermal pits and was much higher for Cienega phase nonthermal pits than 
was calculated for San Pedro phase nonthermal pits. Given the very low number of thermal pits identified 
for the Cienega component and the relatively large number of pits that were only superficially examined, it 
is not possible to come to any conclusions regarding the distribution of FAR in thermal vs. nonthermal pits. 

In total, 22 ground stone artifacts were estimated to have been located in sampled or excavated features 
assigned to the Cienega component. Ground stone artifacts were found in eight features dated to the Cienega 
phase: an activity area, a cache, three nonthermal pits, a nonthermal bell-shaped pit, a surface structure, and 
a thermal pit. Features with ground stone contained from 1 to 4 ground stone artifacts; the largest numbers 
of ground stone artifacts were found in a nonthermal pit, a nonthermal bell-shaped pit, and a thermal pit. 
Ground stone artifacts were found in features spread broadly across the site, but the highest kernel density 
was in the southeastern corner of Grid Cell B4 where an activity area, nonthermal pit, and thermal pit con-
taining ground stone artifacts were located (see Appendix 10.1, Interactive PDF, Layer 10.14). Overall volu-
metric density of ground stone artifacts was highest in a cache at a density very similar to that calculated for 
caches attributed to the Chiricahua/San Pedro temporal component. Overall volumetric density in features 
of other types was substantially lower.

In all, 39 extramural artifacts were assigned to the Cienega temporal component; none was assigned to 
the San Pedro/Cienega temporal component. Extramural artifacts assigned to the Cienega temporal compo-
nent consisted of 1 piece of FAR, 13 manos, 1 manuport, 12 metates, 1 mortar, 5 netherstones, and 6 pestles. 
The vast majority of extramural artifacts were located in the southern portion of Falcon Landing in Grid 
Cells A4, B4, and C4, and they were particularly clustered in proximity to a house-in-pit and an activity 
area. A mano and a metate were also found in Grid Cell H5, where they were in close proximity to a cluster 
of nonthermal pits in the same grid cell (most of which were only superficially examined). Extramural arti-
facts were clustered (NNI = 0.4), located, on average, 5 m from the nearest extramural artifact. Extramural 
artifacts also tended to be located within a few meters of the nearest pit feature, particularly nonthermal pit 
features. One or more manos tended to be located within several meters of a metate, suggesting a possible 
association between manos and nearby metates. Pestles also clustered near manos in a few cases, and there 
appears to have been possible patterning in the spacing of metates, as several metates were spaced approxi-
mately 14–22 m apart from each other. 

In total, 309 flaked stone artifacts were estimated to have been located in sampled or excavated features 
assigned to the Cienega component. Flaked stone artifacts were found in an activity area, a charcoal/ash lens, 
a house-in-pit, 14 nonthermal pits, 3 nonthermal bell-shaped pits, a surface structure, and a thermal pit. Kernel 
density estimates indicated that flaked stone artifacts were concentrated in Grid Cells B4 and B5, where all 
but two of the features containing flaked stone artifacts were located (see Appendix 10.1, Interactive PDF, 
Layer 10.15). It appears that much activity involving the use of flaked stone during the Cienega temporal 
component occurred in a relatively discrete area of the site that included a house-in-pit (Feature 1413) in Grid 
Cell A4 and an activity area (Feature 1239) in Grid Cell B4. By far, the largest number of flaked stone arti-
facts was found in the activity area, which contained an estimated 262 flaked stone artifacts, suggesting that 
flaked stone may have been preferentially worked in and around this area, and the resulting debris washed 
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into nearby features. The highest overall volumetric density was found in the charcoal/ash lens (located ad-
jacent to the house-in-pit), and the second highest volumetric density was found in the activity area. Overall 
volumetric density of flaked stone artifacts was lower and similar among the house-in-pit, nonthermal pits, 
nonthermal bell-shaped pits, and thermal pits. Perhaps, activities involving flaked stone were most intensive 
in the activity area and in the area adjacent to the house-in-pit.

In total, 251 faunal specimens were estimated to have been located in sampled or excavated features as-
signed to the Cienega component. Faunal specimens were found in an activity area, a house-in-pit, 11 non-
thermal pits, 3 nonthermal bell-shaped pits, a surface structure, and 2 thermal pits (see Appendix 10.1, Inter-
active PDF, Layer 10.16). The largest number of faunal specimens was found in a nonthermal bell-shaped pit 
(Feature 1361), followed by the activity area, which was located 33 m from the nonthermal bell-shaped pit. 
The house-in-pit was also nearby, located 14 m away from this nonthermal bell-shaped pit. Kernel density 
estimates suggested that faunal specimens were concentrated most around Feature 1361 in Grid Cell A4. By 
far, the highest overall volumetric density of faunal specimens was calculated for nonthermal bell-shaped 
pits due to the large number found in Feature 1361. 

Cienega/Red Mountain (160 cal b.c.–cal a.d. 340) and 
Red Mountain Phase (a.d. 50–400) Spatial Distribution

Cienega/Red Mountain phase features consisted of an activity area, 4 charcoal/ash lenses, 10 FAR concen-
trations, 4 house-in-pit feature, 67 nonthermal pits, 1 nonthermal bell-shaped pit, 3 postholes not associated 
with a primary feature, and 17 thermal pits (Table 101). Red Mountain phase features were far less numer-
ous, consisting of a charcoal/ash lens and 2 house-in-pit features. Ripley’s K estimates suggest that Cienega/
Red Mountain phase features clustered most intensely at a scale of approximately 50 m. 

Cienega/Red Mountain and Red Mountain phase features were clustered in two areas: an area centering 
on Grid Cell D1 and an area centering on Grid Cell H5 (Figure 126). The area centering on Grid Cell D1 
contained a minority of features assigned to the Cienega/Red Mountain or Red Mountain component: 2 FAR 
concentrations, 10 nonthermal pits, and 2 thermal pits. One of the Red Mountain house-in-pit features 
(Feature 3963) was located to the east of this cluster in Grid Cell D2. An isolated Cienega/Red Mountain 
nonthermal pit was also located to the southwest of the cluster in Grid Cell C0. The area centering on Grid 
Cell H5 contained the majority of Cienega/Red Mountain and Red Mountain phase features. From center 
to center, these two clusters of Cienega/Red Mountain and Red Mountain phase features were separated by 
approximately 350 m. Not surprisingly, kernel density estimates showed that the highest intensity of feature 
construction during Cienega/Red Mountain and Red Mountain times centered on Grid Cell H5 and were 
most focused in an area where house-in-pit features, an activity area, and numerous pits were located. Four 
Cienega/Red Mountain house-in-pit features in this area were tightly clustered and partially overlapping, 
along with an activity area, and multiple thermal and nonthermal pits. This tight cluster of features, which 
spanned the small distances of 11–15 m, suggests highly redundant use of one small area of Falcon Landing 
during the Cienega/Red Mountain or Red Mountain phases, which could suggest the establishment of land 
tenure at Falcon Landing by this time (Figure 127).

In total, 1,283 pieces of FAR were estimated to have been located in sampled or excavated features as-
signed to the Cienega/Red Mountain component (see Table 101). FAR was found in a total of 47 Cienega/
Red Mountain phase features (an activity area, a charcoal/ash lens, 6 FAR concentrations, 5 house-in-pit 
features, 24 nonthermal pits, and 10 thermal pits) and 2 Red Mountain house-in-pit features. The vast ma-
jority of features with FAR, as well as most FAR artifacts, were discovered in Grid Cells I5, H4, and H5 
(see Appendix 10.1, Interactive PDF, Layer 10.17). The highest density of FAR was found in thermal pits, 
followed by nonthermal pits. Two Red Mountain phase features contained FAR: a house-in-pit in Grid Cell 
D2 (Feature 3963), which contained a single FAR artifact, and a house-in-pit feature (Feature 10849) in 
Grid Cell H4, which contained 49 FAR artifacts. Thermal features were interspersed with features of other 
types containing FAR, suggesting that FAR could have originally been deposited in thermal features before 
it was incorporated in the fill of other nearby features. To test if FAR was located significantly more often 
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Figure 126. Spatial distribution of features assigned to the Cienega/Red Mountain 
temporal component.
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Figure 127. Spatial distribution of Cienega/Red Mountain features in Grid Cell H5, showing cluster 
of closely situated San Pedro and Cienega/Red Mountain house-in-pit features suggestive of serial 

re-occupation.
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in thermal pits, in comparison to nonthermal pits, we performed a chi-square test comparing numbers of 
thermal pits and nonthermal pits with and without FAR, restricting the test to only those features that had 
been sampled or excavated. The results indicated that FAR was found in thermal pits significantly more of-
ten than expected (χ2 = 3.9791, p = .046). Cramer’s V (0.2177) suggested a weak-to-moderate association 
between pit type and FAR presence. 

In total, 61 ground stone artifacts were estimated to have been located in sampled or excavated features 
assigned to the Cienega/Red Mountain component. Ground stone artifacts associated with Cienega/Red 
Mountain use of the site were found in an activity area, two FAR concentrations, three house-in-pit features, 
four nonthermal pits, and six thermal features. Ground stone artifacts were concentrated primarily within 
features in Grid Cells H5 and I5, where they were found primarily in house-in-pit features and in a cluster 
of pit features and FAR concentrations located immediately to the north of the house-in-pit features (Fig-
ure 128; see also Appendix 10.1, Interactive PDF, Layer 10.18). Ground stone artifacts were also found in 
a nonthermal pit in Grid Cell D1. Ground stone artifacts were found in the same two Red Mountain phase 
house-in-pit features in which FAR artifacts were found. Fifty-two percent of the ground stone artifacts were 
found in thermal pits, 22 percent in house-in-pit features, 13 percent in nonthermal pits, and 10 percent in FAR 
concentrations, with the remainder located in features of other types. The highest overall volumetric density 
of ground stone artifacts was found in thermal pits, followed by house-in-pit features, and FAR concentra-
tions. The distribution of ground stone artifacts suggests that they may have been frequently stored in and 
around house-in-pit features and may have frequently been deposited in thermal features, perhaps in order to 
use spent items as thermal mass. This makes sense because large numbers of previously used ground stone 
artifacts would have been available for reuse as thermal mass by this time. A chi-square test comparing the 
number of thermal pit features and primary features of all other types, in terms of whether they contained or 
did not contain ground stone artifacts, indicated that ground stone artifacts were found significantly more 
often in thermal pits, in comparison to features of other types (Yates χ2 = 4.9, df = 1, p = .0269; Fisher’s ex-
act two-tailed p = .019; Cramer’s V = 0.2574). Cramer’s V suggests a moderate association between thermal 
pits and the presence of ground stone artifacts, which may be an indication of their reuse as thermal mass.

Extramural artifacts associated with Cienega/Red Mountain use of the site consisted of 13 manos, 
15 metates, 1 mortar, 2 netherstones, and 7 pestles. No extramural artifacts were associated with the Red 
Mountain temporal component. Despite the fact that most features associated with the Cienega/Red Moun-
tain use of Falcon Landing were located in the northeastern quadrant of the site, in an area centering on Grid 
Cell H5, more than half of the extramural artifacts were located in the southwestern quadrant of the site in 
Grid Cells C1, D1, and E1. The NNI statistic indicated that extramural artifacts were clustered (NNI = 0.519). 
In the northern portion of Grid Cell D1, extramural artifacts, consisting mostly of manos or metates, were 
located within 5 m of the nearest pit feature. South of this area, extramural artifacts were not located in 
proximity to any Cienega/Red Mountain phase features and consisted mostly of metates or pestles. In the 
northeastern quadrant of Falcon Landing, most extramural artifacts were located within a few meters of the 
nearest feature and were typically closest to nonthermal pits. 

In total, 496 flaked stone artifacts were estimated to have been located in sampled or excavated features 
assigned to the Cienega/Red Mountain component. Flaked stone artifacts found in Cienega/Red Mountain 
phase features were found in approximately half of sampled or excavated features, including an activity 
area, 3 charcoal/ash lenses, 3 FAR concentrations, 5 house-in-pit features, 25 nonthermal pits, and 13 ther-
mal pits. Flaked stone artifacts were also found in 2 Red Mountain phase house-in-pit features and in a Red 
Mountain charcoal/ash lens located in Grid Cell H5 (see Appendix 10.1, Interactive PDF, Layer 10.19). 
Flaked stone artifacts were most common within features in Grid Cells H4, H5, and I5. The highest over-
all volumetric density of flaked stone artifacts was found in thermal pits, followed by nonthermal pits and 
house-in-pit features. A chi-square test comparing the number of thermal pits with primary features of all 
other types, according to whether they did or did not contain flaked stone artifacts, indicated that flaked stone 
artifacts were located in thermal pits far more often than expected, in comparison to other features (Pearson 
χ2 = 7.66, p = .005646; Yates χ2 = 6.23, df = 1, p = .01256; Fisher’s exact two-tailed p = .006538; Cramer’s 
V = 0.2754). Cramer’s V suggests a moderate association between thermal pits and the presence of flaked 
stone artifacts. Perhaps, flaked stone artifacts were frequently worked or used adjacent to thermal features, 



 485

Figure 128. Spatial distribution of ground stone and features in Grid Cell H5 and neighboring cells.
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resulting in debitage eventually washing into the features, or waste materials were intentionally deposited 
into open pits during clean-up activities. Since chert was rarely used at the site for flaked stone reduction, it 
is unlikely that the distribution of flaked stone artifacts in thermal pits reflects heat-treatment efforts.

In total, 251 faunal specimens were estimated to have been located in sampled or excavated features as-
signed to the Cienega/Red Mountain component. Faunal specimens found in Cienega/Red Mountain phase 
features were found in an activity area, a charcoal/ash lens, 2 FAR concentrations, 5 house-in-pit features, 
13 nonthermal pits, and 7 thermal pits (see Appendix 10.1, Interactive PDF, Layer 10.20). Faunal specimens 
were also found in the same 3 Red Mountain phase features in which flaked stone artifacts were found. Fau-
nal specimens were most common in the same areas of Falcon Landing where flaked stone artifacts were 
found and were found in more than 75 percent of features that contained flaked stone artifacts, suggesting 
a possible association between deposition of flaked stone and faunal specimens. The highest overall volu-
metric density of faunal specimens was calculated for thermal pits, although the density in nonthermal pits 
was similar and only slightly lower. A chi-square test comparing the number of thermal pits with the number 
of primary features of all other types, according to whether they did or did not contain faunal specimens, 
indicated that faunal specimens were not located in thermal pits more often than expected, in comparison 
to other features (Pearson χ2 = 2.1, p = 0.1473; Yates χ2 = 1.32, df = 1, p = .2506; Fisher’s exact two-tailed 
p = 0.226105; Cramer’s V = 0.1442). 

Six ceramic artifacts were found in a house-in-pit feature (Feature 3963) that was assigned to the Red 
Mountain phase and was located in Grid Cell D2. Ceramic artifacts were not found in any other Cienega/
Red Mountain or Red Mountain phase features.

Pre-Classic Period (a.d. 400–1150) Spatial Distribution

Features assigned to the pre-Classic temporal component included a cache, three house-in-pit features, and 
five nonthermal pits affiliated with the Snaketown phase (a.d. 650–750); a nonthermal pit affiliated with 
the Pioneer period (a.d. 400–750); two nonthermal pits affiliated with the Early Ceramic to Pioneer pe-
riods (ca. a.d. 340–610); and two thermal pits and two nonthermal pits affiliated with the Sacaton phase 
(a.d. 950–1150). Three additional nonthermal pits were only superficially examined; the remaining features 
were sampled, partially excavated, or completely excavated.

Features assigned to the pre-Classic temporal component were widely dispersed across the project area 
(Figure 129). Sample size was too small to calculate Ripley’s K, but the broad distribution of a limited num-
ber of features suggests that pre-Classic features were dispersed and might represent relatively infrequent use 
of the sites during the pre-Classic period, with the greatest intensity of use occurring during the Snaketown 
phase. The Snaketown phase features were all located in the southern half of Falcon Landing, as well as at 
Site 68, in Grid Cells A1, A2, A4, B4, and D6; the Pioneer period feature was located farther to the north 
in Grid Cell F5. All of the house-in-pit features were affiliated with the Snaketown phase. The Snaketown 
phase features and the Pioneer period feature were assigned to Occupational Episode H (cal a.d. 610–780). 
The Sacaton phase features were widely dispersed in the eastern half of Falcon Landing and were assigned 
to Occupational Episode I (cal a.d. 980–1270). Kernel density estimates suggested that the greatest intensity 
of feature construction occurred in Grid Cell D6, where a house-in-pit feature and a cache, both affiliated 
with the Snaketown phase, were located.

Only one feature assigned to the pre-Classic temporal component contained FAR (Table 102). The fea-
ture was a partially excavated nonthermal pit located in Grid Cell F5 that contained an estimated total of 14 
FAR and was affiliated with the Pioneer period. 

Only one feature assigned to the pre-Classic temporal component contained ground stone artifacts. The 
feature was a partially excavated cache located in Grid Cell D6 that contained an estimated total of four 
ground stone artifacts and was affiliated with the Snaketown phase. Three extramural artifacts were assigned 
to the pre-Classic component: a mano and two metates. 

In total, 103 flaked stone artifacts were estimated to have been located in sampled or excavated features 
assigned to the pre-Classic temporal component. Flaked stone artifacts were found in a cache, two house-in-pit 
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Figure 129. Spatial distribution of features assigned to the pre-Classic temporal component.
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features, two nonthermal pits, and a thermal pit. Four of these features were assigned to the Snaketown 
phase, and two were assigned to the Sacaton phase. The largest estimated number of flaked stone artifacts 
was calculated for a house-in-pit feature (Feature 1290) that was affiliated with the Snaketown phase and 
was located in Grid Cell B4. The highest kernel density of flaked stone artifacts was located in Grid Cell B4 
(see Appendix 10.1, Interactive PDF, Layer 10.21). Almost all of the flaked stone artifacts were found in 
house-in-pit features. The highest overall volumetric density of flaked stone artifacts was found in thermal 
pits, however; the cache and house-in-pit features had a slightly lower density of flaked stone artifacts.

In total, 47 faunal specimens were estimated to have been located in sampled or excavated features as-
signed to the pre-Classic temporal component. Faunal specimens were discovered in the house-in-pit features, 
two nonthermal pits, and a thermal pit. Four of the features with faunal specimens were affiliated with the 
Snaketown phase (including the three house-in-pit features), one with the Pioneer period and one with the 
Sacaton phase. The largest number of faunal specimens was found in a house-in-pit feature (Feature 1290) 
that was affiliated with the Snaketown phase and was located in Grid Cell B4, the same feature where the 
largest number of flaked stone artifacts was discovered. As with flaked stone artifacts, the highest kernel 
density of faunal specimens was located in Grid Cell B4 (see Appendix 10.1, Interactive PDF, Layer 10.22). 
The great majority of the estimated total of faunal specimens were located in house-in-pit features and most 
of the remainder in nonthermal pits. The highest density of faunal specimens was found in thermal pits, fol-
lowed by nonthermal pits, and house-in-pit features. 

Only two ceramic artifacts were found in features assigned to the pre-Classic temporal component. One 
was found in a nonthermal pit (Feature 19067) assigned to the Pioneer period and located in Grid Cell F5; 
the other was found in a thermal pit affiliated with the Sacaton phase (Feature 4626) and was located in 
Grid Cell K4.

Classic (a.d. 1150–1450) and Classic/Protohistoric Periods (cal a.d. 1220–1640)

Only two features were assigned to the Classic component: a thermal pit in Grid Cell F4 and a nonthermal 
pit in Grid Cell B4. Features assigned to the Classic/Protohistoric component consisted of 2 FAR concen-
trations, 24 nonthermal pits, and 2 thermal pits. Less than half of these features were sampled, partially 
excavated, or completely excavated. Kernel density estimates indicated that the highest intensity of feature 
construction was located in Grid Cell K4 and a relatively high intensity of feature construction was also 
located in Grid Cells G2, G3, and J3 (Figure 130). Most activities involving features were confined to the 
northern half of Falcon Landing. 

In total, 154 pieces of FAR were estimated to have been located in sampled or excavated features as-
signed to the Classic/Protohistoric temporal component (Table 103). FAR was found in 2 FAR concentra-
tions, 5 nonthermal pits, and a thermal pit assigned to the Classic/Protohistoric component; FAR was not 
found in either of the 2 features assigned to the Classic temporal component. The largest amounts of FAR 
were estimated to have occurred in a partially excavated thermal pit (Feature 18279) located in Grid Cell G2 
and a partially excavated nonthermal pit (Feature 4591) located in Grid Cell J4. Substantially fewer FAR 
artifacts were located in other features with FAR artifacts. The kernel density of FAR was also highest in 
the area surrounding Features 18729 and 4591 (see Appendix 10.1, Interactive PDF, Layer 10.23). Almost 
half of FAR was located in thermal pits; most of the remainder was in nonthermal pits. The overall volu-
metric density of FAR was highest in thermal pits and was lower and similar in nonthermal pits and FAR 
concentrations. The sample size was too small for a chi-square test structured in the same way as the chi-
square tests performed for earlier temporal components; that is, testing if FAR was preferentially located 
in thermal features, in comparison to features of other types. However, the distribution of FAR, in terms 
of feature types, was consistent with previous temporal components insofar as a relatively large amount of 
FAR was located in comparatively few thermal features. Although only 2 thermal features were sampled 
or excavated and 11 nonthermal features were sampled or excavated for the Classic/Protohistoric temporal 
component, more FAR was located in thermal features than was located in nonthermal features. A chi-square 
test comparing the number of thermal and nonthermal pits that were sampled or excavated with the number 
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Figure 130. Spatial distribution of features assigned to the Classic and Classic/Protohistoric temporal 
component.
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of FAR estimated to have been located in thermal or nonthermal pits suggested that significantly more FAR 
was found in thermal features, in comparison to nonthermal features (Yates χ2 = 5.27, df = 1, p = 0.0217; 
Cramer’s V = 0.2105). Cramer’s V suggests a weak-to-moderate association between thermal pits and FAR.

In total, 29 ground stone artifacts were estimated to have been located in sampled or excavated features 
assigned to the Classic/Protohistoric temporal component. Ground stone artifacts were found in an FAR 
concentration, four nonthermal pits, and a thermal pit. The largest number of ground stone artifacts was 
located in a nonthermal pit (Feature 4591) located in Grid Cell J4. Kernel density estimates indicated that 
ground stone artifacts were most common in features in Grid Cells J4 and K4, but also occurred at lower 
frequencies in Grid Cells E2, G2, and G3 (see Appendix 10.1, Interactive PDF, Layer 10.24). The great ma-
jority of ground stone artifacts were located in nonthermal pits; the overall volumetric density of ground 
stone was also highest in nonthermal pits. Only one extramural artifact, a cobble mano made on quartzite, 
was assigned to the Classic/Protohistoric temporal component, and no extramural artifacts were assigned to 
the Classic temporal component.

In total, 34 flaked stone artifacts were estimated to have been located in sampled or excavated features 
assigned to the Classic/Protohistoric temporal component. Flaked stone artifacts were found in an FAR 
concentration, three nonthermal pits, and a thermal pit. The largest number of ground stone artifacts were 
located in a nonthermal pit (Feature 4591) located in Grid Cell J4, the same nonthermal pit in which the larg-
est number of FAR and ground stone artifacts were located. Kernel density estimates indicated that flaked 
stone artifacts were most common in features in Grid Cells G2, G3, J4, and K4 (see Appendix 10.1, Interac-
tive PDF, Layer 10.25). Almost half of the flaked stone artifacts were found in thermal pits; the remainder 
were split between FAR concentrations and nonthermal pits. The overall volumetric density of flaked stone 
artifacts was highest in thermal pits and lowest in nonthermal pits. 

In total, 28 faunal specimens were estimated to have been located in sampled or excavated features as-
signed to the Classic/Protohistoric temporal component. Faunal specimens were found in an FAR concen-
tration, five nonthermal pits, and a thermal pit. The largest number of faunal specimens was estimated to 
have been in a nonthermal pit in Grid Cell E2 (Feature 4624), but overall, the number of faunal specimens 
in features assigned to the Classic or Classic/Protohistoric temporal components was low, ranging from 2 
to 6 faunal specimens. Kernel density estimates indicated that faunal specimens were most common in fea-
tures in Grid Cells J4 and K4 and, to a lesser degree, in Grid Cell E2 (see Appendix 10.1, Interactive PDF, 
Layer 10.26). The great majority of faunal specimens were found in nonthermal pits; the remainder were 
split between FAR concentrations and thermal pits. The overall volumetric density of faunal specimens was 
similar and highest in FAR concentrations and nonthermal pits and was lowest in thermal pits. 

Despite common use of ceramic vessels during the Classic and Protohistoric periods, no ceramic arti-
facts were recorded in features assigned to these time periods.

Temporal Component Distribution

The foregoing analyses have suggested that, although many of the same kinds of activities were performed 
redundantly at Falcon Landing, and to a lesser degree at Site 68. Despite these broad similarities in site use 
over the course of thousands of years, different areas of the sites were used for different sets of activities 
and at different intensities through time. Up to now, we have considered the distribution of features and ar-
tifacts assigned to individual temporal components and, in a more limited sense, differences between tem-
poral components in the spatial distribution of features and artifacts. To gain a more holistic understanding 
of the spatial distribution of features through time, we used the Focal Statistics tool in ArcGIS 10 to create 
a raster with 1-by-1-m cell size that shows for each 1-by-1-m cell the majority component. In most cases, 
there was only one feature per 1-by-1m cell, but calculating the focal majority allowed us to account for 
those few cases where multiple feature centroids were located within the area of a single raster cell. This 
raster thus represents, at fine level of detail, the most common temporal component located within each ras-
ter cell. The raster was then used again with the Focal Statistics tool to create focal majority and focal vari-
ety rasters over a broader area of 25-by-25-m around each 1-by-1-m raster cell in order to visualize which 
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areas of the site were used predominantly during a specific temporal component and which areas of the site 
were used repeatedly during multiple temporal components. These rasters depict, respectively, the (1) most 
common temporal component within a 25-by-25-m rectangular area around each raster cell and (2) the va-
riety or richness of temporal components located in a 25-by-25-m rectangular area around each raster cell.

The results indicate that many areas of Falcon Landing were used primarily during one temporal com-
ponent although it was not uncommon for different temporal components to overlap in space (Figure 131). 
Focal majority calculations showed that the largest area of the site was used during the Chiricahua tempo-
ral component. Fifty-nine percent of the area assigned to temporal components in the focal majority raster 
was assigned to the Chiricahua component. The Chiricahua component covered large areas of the northern 
half of the site as well as contiguous areas in the southwestern quadrant of the site. Intensive use of the site 
may have shifted southward at some point during the Chiricahua or San Pedro temporal components (as 
represented by the Chiricahua/San Pedro component), when many activities were located in the southwest-
ern quadrant of the site. The second-largest area of the focal majority raster, 17 percent, was assigned to the 
Chiricahua/San Pedro component. 

During the San Pedro temporal component, some of the same areas assigned to the Chiricahua/San Pe-
dro component continued to be used, while isolated features also appeared in many other areas of the site, 
often adjacent to areas occupied during the Chiricahua phase, suggesting that people had returned to some 
of the same loci to establish seasonal residences. Many of these features were structures, rather than pit fea-
tures, suggesting more-intensive use of the site for residential activity. The rarity of pit features assigned to 
the San Pedro component, however, might stem from the vagaries of sampling and the difficulty in dating 
features from this complex site. For example, there were numerous undated features located within the vi-
cinity of San Pedro features and the majority of these were located at the surfaces of Units I, II, IIA, or IIs/
sf, but were overlain by Units IV or V (see Chapter 2). Conceivably, at least some of these undated features 
may have been used during the San Pedro component and their presence may account for the relatively low 
number of pit features assigned to the San Pedro component. Because it is represented mostly by house-in-
pit features and a few thermal or nonthermal pits, the San Pedro component only covered 1.5 percent of the 
area in the focal majority raster. 

During the San Pedro/Cienega and Cienega phases, the most intensive use of Falcon Landing shifted 
farther south, where it centered on Grid Cell B4. Consisting of only six nonthermal pit features, the San Pe-
dro/Cienega component covered only a very small area (0.2 percent), while the Cienega component covered 
8 percent of the area assigned to temporal components in the focal majority raster. 

For the Cienega/Red Mountain and Red Mountain components, the distribution of features appears to have 
shifted again, now centered on Grid Cell D1 in the southwestern quadrant of Falcon Landing and an area cen-
tered on Grid Cell H5 in the northeastern portion of the site. The area covered by the Cienega/Red Mountain 
component comprised approximately 7.5 percent of the area covered by temporal components in the focal ma-
jority raster, and the areas covered by the Red Mountain component covered less than 0.1 percent of the area. 

The pre-Classic component covered small, scattered areas in the southern and northeastern quadrants of 
Falcon Landing, typically within or on the edge of clusters of features assigned to earlier components. The 
pre-Classic component covered 1.5 percent of the site.

The Classic and Classic/Protohistoric components of the site covered several small areas of the northern 
half of Falcon Landing. The Classic component covered 0.5 percent of the area covered by temporal compo-
nents in the focal majority raster, while the Classic/Protohistoric component covered 3.5 percent of the area. 

The focal variety raster shows where the number of temporal components was high or low across the 
project sites (Figure 132). Many of the areas with a low richness in the focal variety raster were areas of the 
site that were used primarily during the Chiricahua temporal component. This raster also indicates there were 
multiple areas of the site where features assigned to multiple distinct temporal components were located close 
to each other. In other words, these are areas of the site that were repeatedly reused during multiple periods. 
Areas used repeatedly during multiple temporal components tended to be concentrated in a few areas of Falcon 
Landing, such as in Grid Cells B4, I5, J4, and K4. Why these relatively small areas were repeatedly used over 
such a long period is not clear. However, it is worth noting that many of the areas repeatedly used during mul-
tiple periods were the same areas where house-in-pit features, middens, activity areas, and surface structures 
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Figure 131. Map depicting the most common temporal component located within a 25-by-25-m focal 
area of each 1-by-1-m raster cell.
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Figure 132. Map depicting the variety, or richness, of temporal components located within a 25-by-
25-m focal area of each 1-by-1-m raster cell. Numbers 1–5 in legend indicate number of temporal 

components in cell.
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clustered. Possibly, these were areas of Falcon Landing that were particularly suited to the placement of struc-
tures and associated features. 

To gain further understanding of the distribution of temporal components, we performed a local Anselin-
Moran’s I analysis of features using temporal-component sort order and a 50-m fixed distance. Local Anselin-
Moran’s I is a local autocorrelation statistic that determines, within a specified distance, whether point features 
cluster in terms of an associated attribute. The Cluster and Outlier tool available in ArcGIS 10 was used to con-
duct the analysis. The tool calculates whether point features located within a specified distance of each point 
had similar or dissimilar values. The values, in this case, are the ordinal sort order values assigned to each com-
ponent in the temporal sequence, varying from 1 (Chiricahua) to 10 (Classic/Protohistoric). For each point in 
a point layer, the tool identifies whether the point is (1) located in a cluster of points with similarly high values 
(e.g., late ages), (2) is located in a cluster of points with similarly low values (e.g., early ages), (3) is an outlier 
whose value is significantly higher than the value attributed to other nearby points (e.g., a feature assigned to 
a late temporal component that is near features dating mostly to earlier temporal components), (4) is an outlier 
whose value is significantly lower than the value attributed to other nearby points (e.g., a feature assigned to an 
early temporal component that is near features dating mostly to later temporal components), or (5) has a value 
that is not significantly high or low with respect to other nearby points. The results provided statistical support 
for the idea that large areas of the site were preferentially used earlier or later in the temporal sequence (Fig-
ure 133). Many of the hot spots identified conformed closely to focal majority areas identified above. There 
were also a few large areas of the site where there were no significant hot spots, although the majority of fea-
tures in several areas lacking significant differences were affiliated with one or two components. For example, 
Anselin-Moran’s I statistics did not indicate the appearance of significant hot spots for Chiricahua/San Pedro 
features in the areas where such features were found, despite the high concentration of Chiricahua/San Pedro 
features in this area. This result appears to stem from the sporadic appearance in the same area of various fea-
tures dated to later components in the sequence, as represented by significant outliers in this area correspond-
ing to features dating to later components, and the overlap in this area of Chiricahua/San Pedro and San Pedro 
components. In a few other areas, where features were not significantly clustered according to age, there was a 
great diversity of temporal components. These were relatively confined areas that appear to have been repeat-
edly used over thousands of years and are consistent with several of the areas identified with the focal variety 
raster as having features assigned to a high diversity of temporal components.

Spatial Distribution of Features and Allostratigraphic Units

Table 104 shows the number of primary features per temporal component, according to stratigraphic unit 
(see Chapter 2). The earliest features, dating to the Chiricahua temporal component, were found primar-
ily in Stratigraphic Units II and IIA. Smaller numbers of features dating to the Chiricahua temporal com-
ponent were also found at the surface of units: Unit I surface, Unit II surface, and Unit IIA surface. Only 
two features were found within Unit IIs/sf, which consisted of alluvial fan swale/channel (s) fills and 
sheet-flood deposits (sf) acting on Unit II. Overall, features were quite rare in Unit IIs/sf, suggesting that 
these parts of the site were more active geologically than other parts of the site and were either avoided 
for feature construction or the features constructed within Unit IIs/sf tended to be obliterated by alluvial 
activity. Features documented in Unit I were relatively rare and were widely dispersed across the site, 
suggesting that they may have been constructed in areas where remnants of Unit I were located close to 
the surface. Unit II contained a Bk soil horizon and represents alluvial-fan deposition in a distributary 
flow environment. Features found in Unit II were also widespread, but were concentrated mostly in the 
northern half of Falcon Landing and were particularly concentrated in the west-central portion of the site 
between Grid Cells E1 and H1. Unit IIA contained an ABk soil horizon, with a thickness up to 50 cm, 
which developed in a silt loam sheet-flood deposit that represents the up-fan migration of the fan toe. 
Features found in Unit IIA were highly clustered in a few areas: areas focused on Grid Cells D5 and D6, 
G1 and H1, G2 and G3, G5 and H5, I5 and J5, and J3. These tight spatial clusterings of features found 
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Figure 133. Spatial distribution of hot spots identified with local Anselin-Moran’s I analysis of feature 
locations, according to temporal component.
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within Unit IIA suggest that these clusters may have been located in remnants of IIA soils and perhaps, 
that these soils were targeted for use in feature construction. 

Although Chiricahua/San Pedro phase features were found in rare cases at the surfaces of Units II, IIA, 
and IIs/sf, and in four cases within Unit IIs/sf and one case within IIIscf, all other Chiricahua/San Pedro 
phase features were found in Unit III1. The only other features dated to a temporal component that were 
located in Unit III1 were five San Pedro features. The tight clustering of these features in the southwestern 
quadrant of Falcon Landing, particularly in the area of Grid Cells C2, D2, and E2, suggests that the spatial 
distribution of these features may have been purely the result of geomorphic processes that preserved these 
relatively early features. All San Pedro phase features were located in the same units as Chiricahua or Chir-
icahua/San Pedro phase features. However, seven were found on the Unit IIs/sf surface, a rare context for 
Chiricahua or Chiricahua/San Pedro phase features. Although these features, five of which were house-in-
pit features and two of which were thermal features, were confined to the northern half of Falcon Landing, 
they were not particularly clustered. Perhaps these features were placed on surfaces considered suitable for 
constructing house-in-pit features. 

San Pedro/Cienega phase features, which included only 6 nonthermal pits, originated at the upper weath-
ered surface of Unit III2. Cienega phase features were found primarily in Unit III2, but they were also found 
in appreciable numbers at the Unit IIs/sf surface. Unit III2 was a widespread master channel–alluvial-fan 
deposit in the southeastern portion of Falcon Landing. Small numbers of Cienega phase features were also 
found at the surfaces of Units I, IIA, and III1, and in Unit III1/III2. Features located in Unit III2 were highly 
clustered in the southernmost portion of the site in Grid Cells A4 and B4. This suggests that the features may 
have been clustered in this location because of differential preservation of Unit III2 deposits. 

Except for a single feature found at the Unit I surface, all Cienega/Red Mountain phase features were 
located in Unit III2cf. Unit III2cf represented smaller alluvial-fan reaches in the north-central and southwest-
ern portions of Falcon Landing. Features in Unit III2cf were highly clustered in the northeastern portion of 
the site in Grid Cells H4, H5, I4, and I5, as well as in the southwestern portion of the site in Grid Cell D1.

Pre-Classic period features were found in small numbers in a wide variety of units but were primarily 
found at the surface of geologic units. These features were found at the surfaces of Units IIs/sf, IIA, III1, 
III2, III2cf, and IV as well as in Units III2 and IV. More than half were found in the latest of units: III2cf 
surface, IV, and IV surface. These features were widely dispersed across the site.

The two Classic period features were found at the Unit IIs/sf surface and in Unit III2.The vast majority 
of Classic/Protohistoric period features were found at the Unit IV surface, although two were found at the 
III2/IV surface. These features were weakly clustered in multiple locations.

The tight spatial clustering of some features identified in particular strata suggest that geological factors 
may have partly regulated the preservation of features and that the appearance of discrete clusters during dif-
ferent temporal components may be partly a result of preservation issues and the variation in our ability to 
date particular features based on stratigraphic context. For any temporal component, there could have been 
substantial numbers of features that either could not be dated using available evidence or, perhaps, were 
obliterated as a result of alluvial activity subsequent to the use of the feature.

One of the results of the geoarchaeological analysis of the project area was the creation of a map show-
ing the horizontal distribution of allostratigraphic units across the sites, as revealed through mechanical 
stripping and geoarchaeological analysis. Polygons in the map were defined according to units and strip-
ping areas. The map does not indicate the distribution of underlying strata; it only indicates the distribution 
of stratigraphic units encountered as a result of mechanical stripping. To gain further understanding of the 
spatial distribution of features according to geology, we used z-score tests of proportion to test whether fea-
tures were proportionally more or less numerous than expected in each of the defined polygons. To do this, 
the proportional area of each polygon in square meters and the proportion of all primary features located in 
each polygon were used to calculate z-scores. A z-score value above 1.96 or below −1.96 was used to inter-
pret whether there were significant differences between the area covered by an allostratigraphic mapping 
unit and the number of features found in the unit.

The results indicated that, at least insofar as these allostratigraphic units were concerned, more features 
were discovered than expected in the southwestern half of Falcon Landing as well as in a few small pockets 
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in the northern half of the site (Figure 134). Although many features were discovered in the northeastern 
portion of the site, fewer features than expected were discovered overall throughout much of the northeast-
ern portion of the site. Fewer features than expected were also discovered in multiple, relatively small areas 
in the southwestern portion of the site. Altogether, z-score tests did not seem to indicate a lot of patterning 
in feature abundance with respect to the relative age or depositional characteristics of allostratigraphic units 
discovered at the stripped site surface of the project sites, but they did suggest a general tendency for larger 
numbers of features to have been discovered in the southwestern portion of the site, in comparison to the 
northeastern portion of the site.

A very different result was obtained when the same analysis was conducted using only features that had 
been assigned to one of the nine components discussed earlier in this chapter (Figure 135). This analysis 
suggested that features that could be dated tended to be found more often in Units I, II, III1, and III2cf in the 
southwestern, central, and northeastern parts of the site. By contrast, fewer datable features were discovered 
in Units I, II, IIs/sf, and III2/IV at other site locations. The substantial difference between these results and 
those obtained using all primary features suggests that the ability to assign features to temporal components 
was constrained across the site by the distribution of allostratigraphic units. Additional radiocarbon dating 
and further refinement of the project geochronology, therefore, would undoubtedly change the distribution 
of features assigned to each temporal component.

In order to further examine whether features that could be assigned to a temporal component were dis-
tributed differently from the distribution of all extramural and primary features, we ran the same tests as 
above using the alphanumeric 1-acre grid established for Falcon Landing, instead of the layer showing the 
distribution of stratigraphic units across the site. We restricted the area investigated in each cell of the alpha-
numeric grid to only that area covered by the allostratigraphic-unit mapping layer. Comparison of the results 
for all extramural and primary features with the results for all extramural and primary features assigned to 
a temporal component revealed important differences between the two distributions. The results for all pri-
mary features suggest that there were more features than expected along a series of bands extending across 
Falcon Landing along a northwest-southeast axis. Perhaps, this pattern reflects the long-term history of flu-
vial activity across the site. As with the distribution of features with respect to the distribution of stripped 
allostratigraphic units, the pattern for all primary features assigned to a temporal component differs from all 
primary features combined, suggesting some of the areas were preferentially used in order to make use of 
stable site surfaces and/or that features tended to preserve in areas less affected by fluvial activity.

Summary

In summary, we have examined spatial patterning in the distribution of artifacts and features at the project 
sites using a variety of complementary analytical methods. For each temporal component, we examined and 
described the distribution of features according to type and estimated volume and evaluated variation in the 
distribution of artifacts, according to artifact class and in relation to the distribution of features and feature 
types. For the Chiricahua and Chiricahua/San Pedro temporal components, we also defined specific feature 
clusters using ZNNHC and examined the relationships of feature clusters to the distribution of features as-
signed to more-fine-grained occupational episodes. 

For each temporal component and artifact class, we estimated total numbers of artifacts for each sam-
pled or excavated feature and used these estimates to calculate kernel density estimates of the distribution 
of artifacts within features across the site. To gain a more thorough understanding of the distribution of ar-
tifacts with respect to artifact class and feature type, we calculated, for temporal components, the percent-
age of artifacts of a given class found in each feature type and the overall volumetric density of artifacts in 
each feature type. In cases where the distribution of artifacts appeared to be patterned by feature type, we 
used chi-square tests to evaluate the statistical significance of such patterning. Particular attention was paid 
to the distribution of FAR in and around features. In general, chi-square tests repeatedly showed that FAR 
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Figure 134. Z-score rendering of the distribution of all extramural and primary features, with respect 
to the distribution of stripped allostratigraphic units.
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Figure 135. Z-score rendering of the distribution of all extramural and primary features assigned to a 
temporal component, with respect to the distribution of stripped allostratigraphic units.
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tended to be located more often than expected in thermal features, although FAR was often found in other 
kinds of features as well. Examination of the spatial distribution of FAR tended to show that FAR was often 
distributed amongst clusters of features of diverse types. These clusters typically included FAR concentra-
tions and thermal pits, suggesting that lithic materials could have been affected by fire within thermal pits, 
removed from the pits, and were subsequently reincorporated into other nearby features, including those not 
assigned a thermal function. In a somewhat similar pattern, ground stone artifacts tended to be located within 
structural features as well as in nearby features, suggesting that ground stone was often stored in structures 
and in nearby features. Extramural artifacts assigned to individual temporal components consisted primar-
ily of ground stone artifacts. These artifacts were often, but not always, clustered in space and tended to be 
located in proximity to pit features, suggesting they were used or stored adjacent to features where ground 
plant materials were further processed or stored. Flaked stone and faunal specimens tended to be found within 
a variety of feature types but also tended to be located within clusters of features, suggesting that these ar-
tifacts, in some cases, were deposited on the ground surface during manufacturing or processing activities 
and were subsequently washed into nearby pits. In some cases, flaked stone and faunal specimens shared 
similar distributions, suggesting these artifacts were deposited during similar or overlapping sets of activities. 

Spatial patterns in the distribution of temporal components and episodes seem to imply possible shifting 
through time and across space in how Falcon Landing was used. However, the interpretation of this pattern-
ing is complicated by the fact that many features could not be assigned to a temporal component and that 
some patterning in feature distributions, according to time, was likely to have been affected by the distribu-
tion of allostratigraphic units across the site. Although such patterning is to be expected, given that the vast 
majority of features could not be directly dated and had to be assigned to temporal components based on 
stratigraphic relationships, some clustering of features could have been strongly affected by the distribution 
of allostratigraphic units and is likely to represent only a portion of the features generated during a given 
temporal period. These caveats notwithstanding, the broadest and most expansive use of Falcon Landing for 
processing activities appears to have occurred during the Chiricahua and Chiricahua/San Pedro component 
as well as, to a lesser degree, during the Cienega and Cienega/Red Mountain components. Most other tem-
poral components were represented by smaller numbers of features and with a greater emphasis on the use 
of small clusters of house-in-pit features and other potentially related features, in comparison to the large 
number of thermal and nonthermal pit features that characterized Chiricahua and Chiricahua/San Pedro tem-
poral components. Given the large number of undated features, however, the validity of our interpretations 
of these patterns in the variation of site use through time is difficult to ascertain.

However, the available evidence suggests that the most intensive and redundant use of Falcon Landing 
occurred during the Middle and Late Archaic periods and that use of the site after the Late Archaic period, 
although it may have involved continued use of the site for many of the same subsistence activities, may 
have become more sporadic by the Pioneer period of the Gila-Salt Hohokam. 

Synthesis and Conclusions

The preceding aspatial and spatial analyses document the complexities and also remarkable similarities of 
more than 5,000 years of prehistoric use within the Luke Solar project area and especially at the massive 
44-acre excavated area of the Falcon Landing site. Aspatial examination of the number and relative propor-
tions of feature types and artifact classes in many ways corresponds with the results of the detailed spatial 
examination of the distribution of feature types and artifact classes per temporal component and occupa-
tional episode. Overall, the detailed analyses presented in this chapter indicate that the greatest variability 
was in the relative permanence of site occupation, although the site was likely never occupied by more than 
a handful of family groups on a seasonal basis, as evidenced by the preserved features and artifacts recov-
ered from the identified feature clusters in the spatial analysis. 
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It is clear that the most extensive occupation occurred during the Middle Archaic period Chiricahua 
phase between ca. 3300 and 1200 cal b.c., and that the project area was primarily used by logistically or-
ganized task groups drawn to the site during the early warm season to collect and process mesquite and the 
seeds and greens of native weedy annuals (see Chapters 6, 7, and 9). During punctuated, short-term periods 
of higher effective precipitation, aggradation, and biotic productivity (see Chapter 2), however, the site also 
clearly served a residential purpose as evidenced by structures and extramural facilities built and abandoned 
beginning with Occupational Episode A (3340–2890 cal b.c.) and occupation continued on an intermittent 
basis throughout the Chiricahua phase into the Late Archaic period San Pedro phase (1200–800 cal b.c.), 
culminating with strong evidence for serial reoccupations of the same locales—possibly representing land-
tenure practices—during the Late Cienega/Red Mountain phase (160 cal b.c.–cal a.d. 340). 

Occupational intensity as determined by the number of features and artifacts and their distribution de-
clined substantially beginning with the last century of the Red Mountain phase (a.d. 50–450), although the 
project area continued to be used during the Pioneer period Snaketown phase (a.d. 650–750). Interestingly, 
the only evidence of Colonial period (a.d. 750–950) occupation of the project area was a Colonial Stemmed 
projectile point recovered from the surface at Falcon Landing. The project sites continued to be used dur-
ing the following Hohokam Pioneer, Sedentary, Classic, and even the following Protohistoric period, but 
to a much lesser extent compared to the preceding Archaic and Early Ceramic periods. Regardless of these 
documented changes in occupational intensity, the project area was used for the same purposes, with the 
application of the same ground stone technology and subsistence strategy. 

Site furniture in the form of an expensive and diverse ground stone technology characterized the bulk 
of the identified feature clusters regardless of temporal component. The spatial analysis also indicated that 
serviceable ground stone implements were preferentially cached in structures or in extramural nonthermal 
pits located near structures beginning in the Chiricahua phase, a pattern that continued throughout the Middle 
and Late Archaic periods. Furthermore, extramural ground stone artifacts, especially manos and metates, 
tended to be located in proximity to extramural pit features that also contained ground stone artifacts. Plant-
food collection and processing were clearly primary site activities during all periods of occupation. Flaked 
stone artifacts, consisting almost entirely of biface- reduction flakes, dominated all temporal components, 
and this debris is indicative of a gearing-up locale where the hunting tool kit was fashioned and maintained 
in support of future hunting at other locations (see Chapter 3). Spatial analysis of the distribution of flaked 
stone artifacts indicated that these lithic-reduction activities tended to take place in small, discernible areas, 
and that the resultant debris was preferentially deposited in extramural nonthermal and thermal pits that often 
were constituent members of inferred relatively small work areas that during certain temporal components 
tended to be associated with extramural activity areas and/or structures. 

The footprint of individual clusters of features, potentially representing identifiable occupational loci, 
tended to be approximately 50 m in diameter, suggesting a relatively compact and focused use of space dur-
ing all periods of occupation within the project area. Additional radiocarbon dates on substantially more 
features would undoubtedly refine and also dispel many of the uncertainties in both the aspatial and spatial 
analysis results, especially as they concern the number of features and artifacts assigned to temporal com-
ponent, occupational episode, and feature clusters. Additional radiocarbon dates would also allow further 
examination of how the complex geological setting and the resolution of the project geochronology have 
acted as potential confounding variables, as suggested by the results of comparing the spatial distribution of 
features to the allostratigraphic units. Even with these caveats, however, it is clear that the use of the proj-
ect area involved the establishment of numerous work areas and residential loci during nearly all periods 
of occupation, in different locations over time, independent of the project area geology and the vagaries of 
preservation. The spatial analysis in particular was successful in identifying and quantifying Middle Archaic 
Chiricahua phase habitation loci and their likely constituent facilities and artifacts (see Figure 118). This in 
itself is a major contribution toward our understanding of the Middle Archaic period in the Sonoran Desert. 
Similarly, the excavated San Pedro phase residential loci, identified and described in this chapter, are the 
first reported for the Phoenix Basin. These Middle and Late Archaic period residential loci, feature clusters, 
and artifacts, and their spatial arrangements provide a baseline for future comparisons and interpretations. 
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Documented changes during and between temporal components in occupational intensity and the use of 
select locales within the excavated footprint are the primary results of this chapter. Variation in the amount 
and distribution of artifact classes over time and across the excavated footprint generally corresponds with 
the inferred functions of individual features and feature clusters, and also corresponds with the logistical use 
of the project area as a resource-procurement and processing site and staging locale, as well as its use as an 
intermittently occupied warm-season residential site. What remains remarkable are the shared similarities 
in the primary site activities and the associated lithic, earthen pit feature, and architectural technologies that 
were employed. The primary site activities––mesquite processing, biface reduction and maintenance of the 
hunting tool kit (i.e., gearing up), and the embedded procurement of leporids on an encounter basis––char-
acterize the entire 5,000-year record of occupation. 

This stability in site and land use undoubtedly reflects a fundamental component of the prehistoric life-
way in the Sonoran Desert, because it persisted effectively unchanged in the context of dramatic regional 
cultural change. These regional cultural changes were profound and included the introduction of domesticates 
during the Middle Archaic period, the development of utilitarian ceramic containers in the Early Ceramic 
period, and increasing sedentism and emergent complexity, culminating in North America’s largest prehis-
toric canal irrigation network—a hallmark of the pre-Classic period Hohokam culture—in the surrounding 
Phoenix Basin. The prehistoric occupants of the Luke Solar project area were undoubtedly participating in 
these regional developments and availed themselves of newfound opportunities and overcame newfound 
challenges, but the way in which they used the Luke Solar project area was effectively unchanged. The de-
tailed record of stability in site and land use documented in this chapter is in effect a testimony to the success 
and importance of this highly successful subsistence strategy focused on a lower-bajada setting, a strategy 
with a now-documented 5,000-year record of successful application in the Luke Solar project area. Now 
that the corresponding archaeological signatures of this aspect of the land use have been documented for 
the Middle Archaic through Ceramic periods, it is very likely that additional examples will be documented 
at other lower-bajada sites throughout the Sonoran Desert, as future archaeological research is conducted. 
Of particular interest is determining the antiquity of this aspect of land use, as it is possible that it has been 
practiced since the Early Archaic period––a possibility that only future research can evaluate.
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C H A P T E R  1 1 

Summary, Interpretations, and Directions for 
Future Research

Robert M. Wegener, John D. Hall, Rein Vanderpot, Jesse A. M. Ballenger,  
Eric Eugene Klucas, and Jason D. Windingstad

This chapter addresses the project research themes by summarizing and interpreting the information from 
the previous chapter—the geoarchaeological, artifact, ecofact, ethnographic, and spatial analyses. Originally 
defined in the HPTP (Hall et al. 2011), the research themes are also presented in Chapter 2 of Volume 1. 
These include the three broad themes of chronology, prehistoric cultural affiliation, and land use. 

Overall, the Luke Solar project has produced substantial and much-needed additional baseline data con-
cerning the Middle and Late Archaic periods of not only the Phoenix Basin but also the Sonoran Desert and 
U.S. Southwest. In particular, the Luke Solar project has resulted in the excavation, analysis, and reporting 
of the largest single Chiricahua phase data set to date. Prior to the Luke Solar project, the most meaningful 
reporting on the poorly understood Chiricahua phase and the Archaic period in the Phoenix Basin involved 
four excavation projects at the Last Ditch site (AZ U:5:33 [ASM]) in Paradise Valley along the southern 
middle–lower bajada of the McDowell Mountains near Scottsdale, Arizona (Adams et al. 1996; Hackbarth 
1998; Phillips et al. 2001; Rogge, ed. 2009). The Last Ditch excavations provided important insights into 
Middle Archaic period use of the lower-bajada setting in the Sonoran Desert. Restricted to the confines of a 
newly proposed highway right-of-way, however, the Last Ditch excavations were necessarily limited in terms 
of plan-view exposure and sampling. In total, 210 buried features were documented at the Last Ditch site, of 
which 92 were excavated (Rogge et al. 2009:Table 3), and the combined total area of mechanical stripping 
was 1,133 m2 (0.28 acres). The Last Ditch and exponentially larger Luke Solar project together represent the 
most substantial excavations concerning the 2,300-year Chiricahua phase (3500–1200 b.c.) in the Phoenix 
Basin—the period that witnessed the beginnings of maize horticulture at ca. 2100 cal b.c. along the middle 
Santa Cruz River in Tucson (Gregory, ed. 1999:118), and shortly thereafter throughout the U.S. Southwest 
(Diehl and Waters 2006; Huber 2005; Huckell 2006; Kohler et al. 2008). As discussed and explored in the 
remainder of this chapter, it is primarily in this context and within the framework of the project HPTP that 
the Luke Solar project results are interpreted. 

Chronological Patterns

Over time, prehistoric groups were drawn to the Luke Solar project area for several reasons. Key among 
them was the ecological setting surrounding the Luke Solar project area, which was distinctive and supported 
a prehistoric lower-bajada occupation in the western Phoenix Basin, previously thought to have been an 
unlikely location for a site. The major occupations at Luke Solar were correlated with periods of alluvial-
fan aggradation, suggesting groups occupied the project area during periods of increased winter and sum-
mer precipitation. Examination of recovered plant macro- and microfossils indicated that the project sites 
were primarily frequented during the early warm season (see Chapters 6 and 7). As discussed in Chapter 2, 
these periods of aggradation correlated with the stratigraphic units defined within the Luke Solar project 
area, including Unit I (7040–5320 cal b.c.), Units II–IIA (2970–2420 cal b.c.), Units III1, III2, and III2cf 
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(1380 cal b.c.–cal a.d. 340), and Unit IV (cal a.d. 610–1220). The increased surface runoff traversing the 
lower bajada and the Luke Solar project area during periods of active fan aggradation ultimately encoun-
tered the salt domes just south and southeast of LAFB where water was impeded and then accumulated 
for short periods of time. This produced an elevated or perched water table associated with the salt domes 
that supported a niche community of mesquite (probably a mesquite bosque) just south of the project area, 
like that found today and documented in historical aerial photographs. Furthermore, as fresh alluvium was 
seasonally deposited in the project area, economically important plants such as cheno-ams, sunflower, and 
grasses likely colonized and prospered on the new fan deposits.

In total, 120 radiocarbon dates were obtained by the Luke Solar project, with 97 features chosen for ra-
diocarbon analysis, as well as 23 nonfeature (geologic) contexts (see Chapter 2). These radiocarbon dates 
not only provided precise dates for a limited number of features but were also used to construct the geo-
chronological model. Using the OxCal program, the stratigraphic units were correlated across space using a 
combination of radiocarbon-dated features and dates on natural sediments, and each stratigraphic unit was 
assigned an age range (see above). As a result, many of the undated cultural features could be assigned a 
stratigraphic age. Fortunately, many of the stratigraphic units were deposited over large portions of the proj-
ect excavation footprint over relatively short periods of geologic time, making them very useful for strati-
graphic dating. Unfortunately, however, the lateral complexity of the stratigraphy in some areas created age 
assignments that were simply too broad to be analytically useful.

The geochronology analysis indicated the majority of occupations at Luke Solar occurred during the 
Chiricahua phase of the Middle Archaic period, or ca. 3500–1200 b.c. Other important prehistoric occupa-
tions included the Late Archaic period San Pedro (ca. 1200–800 b.c.) and Cienega phases (ca. 800 b.c.–
a.d. 50), and the transition between the Cienega and Early Ceramic period Red Mountain phase, a transi-
tional interval dated at Falcon Landing to between 160 cal b.c. and a.d. 340. Prehistoric use of the project 
area and Falcon Landing continued during the Early Ceramic (a.d. 50–400), Pioneer (a.d. 400–750), late 
Sedentary and Classic (ca. a.d. 1000–ca. 1450), and Protohistoric (ca. a.d. 1450–1800) periods, but overall 
site occupation was substantially less frequent and less intensive. 

Archaic Cultural Chronology of the Phoenix Basin

Until recently, the Archaic cultural chronology of the Phoenix Basin relied completely on cross-dating pro-
jectile points from rare Middle and Late Archaic isolates and sites. Huckell (1996:Figure 4) summarized 
eight subregional cultural chronologies in the Southwest; the nearest one in proximity to the Phoenix Basin 
is Ventana Cave (Haury 1950), where Middle and Late Archaic deposits were not directly radiocarbon dated. 
Continued research in the Phoenix Basin, and at the Falcon Landing site, have significantly expanded our 
understanding of Middle and Late Archaic land use and cultural chronologies. The paucity of Archaic sites 
in the Phoenix Basin has been attributed to erosion and limited survey (Waters 2008; Wilcox 1979), but re-
cent testing indicates the preservation of rare Early Holocene alluvial deposits (Graves et al. 2011), and an 
increasingly rich collection of small, limited-activity sites and inferred base camps have come to light in the 
surrounding bajadas, foothills, and ranges (Adams et al. 1996; Hackbarth 1998, 2001; Phillips et al. 2001; 
Rogge, ed. 2009). As reviewed by Hall and others (see Chapter 2, Volume 1, and Chapter 3 of this volume), 
these sites indicate hunting-and-gathering activities marked by plant-processing tools, roasting features, and 
ephemeral, round house-in-pits. The frequency of Late Archaic sites in Paradise Valley is comparable to that 
of the Tucson Basin (Hackbarth 2001:86).

The Falcon Landing site provides evidence for the existence of regional populations, centered in the 
southern U.S. Southwest (Irwin-Williams 1979), which used Chiricahua and San Pedro–style points and oc-
casionally projectile point types common to the Great Basin and southern Colorado Plateau (see Chapter 3). 
Although the Chiricahua-San Pedro phase boundary dates at Falcon Landing were derived primarily from 
mesquite charcoal, and therefore are not as precise as dates obtained from annual plant parts, it appears that 
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Chiricahua projectile points persisted in use until 1440–1310 b.c., whereas San Pedro projectile points ap-
peared by 1260–1050 b.c. and were still in use as late as a.d. 330. In light of the frequency and age of Chir-
icahua and San Pedro projectile points at Falcon Landing, the cultural chronology shows strong continuity 
with that of the southern U.S. Southwest (Bayham et al. 1986; Carpenter et al. 2008; Haury 1950; Mabry 
2005a; Sayles 1983). Cortaro-type projectile points (Roth and Huckell 1992) represent another southern va-
riety of point type recovered at the site in contexts dated to sometime before the end of the San Pedro phase. 
Regionally distinctive styles from outside the southern U.S. Southwest include Elko Corner-notched forms 
indirectly dated to between 1380 and 920 b.c. The geographic origin of stemmed points described as the 
Datil type is uncertain, but one is associated with a radiocarbon date of 2810–2420 b.c. at Falcon Landing. 
Datil and Elko Corner-notched points are both directly dated between 1110 and 1000 b.c. Based on a lim-
ited number of dates from Falcon Landing, the incorporation of Elko forms may have been most common 
in the centuries before and after the beginning of the San Pedro phase. 

Figure 136 represents the summed probability distribution of a representative sample of Early Archaic 
period to early Cienega phase radiocarbon dates from southern Arizona compared to archaeological radiocar-
bon dates from the Falcon Landing site. The data are based on a sample of 717 radiocarbon dates assembled 
by Ballenger and Mabry (2011) from alluvial settings in the upper San Pedro and the middle Santa Cruz 
River valleys. The database was expanded to include nearly 1,000 archeological radiocarbon dates assembled 
by the late David Gregory, especially from Archaic and Early Agricultural period sites located throughout 
the U.S. Southwest. The data were limited to a geographic area extending east–west from Sulphur Spring 
Valley to the San Cristobal Valley, and north–south from the middle Gila River to the Mexico border. The 
data were further trimmed by including only those dates between 10,000 and 2000 b.p. Radiocarbon dates 
with uncertainties greater than 200 years were omitted. This resulted in a sample of 405 radiocarbon dates 
from throughout southern Arizona, in addition to the 74 radiocarbon dates from the Falcon Landing site. 
The regional radiocarbon sample is not exhaustive, but it is highly representative of the total population of 
radiocarbon dates in southern Arizona. The radiocarbon summed probability distribution is annotated to 
show the initial dispersal of maize sometime between 4300 and 2100 b.c., and Altithermal warming/drying 
between approximately 6400 and 3900 b.c. (i.e., Merrill et al. 2009).

The meaning and significance of summed radiocarbon dates is an important topic because a large vol-
ume of literature correlates the frequency of dated features or sites with changes in human activity and de-
mography (Buchanan et al. 2008; Holdaway et al. 2009; Gamble et al. 2005; Peros et al. 2010; Surovell 
et al. 2009). Ballenger and Mabry (2011) used the radiocarbon records from alluvial landforms in the upper 
San Pedro and middle Santa Cruz River valleys to show that summed radiocarbon frequency distributions 
are the result of several variables, especially preservation, scientific bias, and the shape of the radiocarbon 

Figure 136. Summed probability distribution of a representative sample of Early 
Archaic period to early Cienega phase radiocarbon dates from southern Arizona 
compared to archaeological radiocarbon dates from the Falcon Landing site.
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calibration curve. That said, the human prehistory of southern Arizona between 10,000 and 2000 b.p., as 
quantified by the intensity of radiocarbon sampling, shows that nearly 0.8 of the probability density (80% 
of the distribution) occurs after the beginning of the San Pedro phase. The spike and trough centered on the 
San Pedro and Cienega phases is attributed to a research bias favoring the introduction of maize at alluvial 
sites, large-scale cultural resource management (CRM) projects in the Tucson Basin, and the shape of the 
radiocarbon calibration curve around 2500 b.p. (Ballenger and Mabry 2011). The Luke Solar radiocarbon 
chronology spans a significantly undersampled portion of the regional radiocarbon chronology between 
3300 and 1200 b.c.

Huckell (1984b) proposed a three-part Early-Middle-Late Archaic period nomenclature in place of the 
Cochise cultural sequence and recommended that Middle Archaic evidence from southern Arizona be lumped 
into the Pinto-oriented Western Archaic tradition, and Late Archaic sites would define a San Pedro−using 
Southwestern Archaic tradition (i.e., Irwin-Williams 1979). Huckell predicted, however, that continued re-
search may demonstrate that a discrete Middle Archaic tradition existed. The Falcon Landing site is com-
pelling evidence that such groups did exist in the Arizona Sonoran Desert, and that their projectile points 
were found at sites dedicated to processing plants in low-productivity settings vs. caves and other “meeting 
places” (Haury 1950:532). Huckell (1995:16) later introduced the Early Agricultural period as a means to 
describe preceramic agriculturalists in southeastern Arizona, reserving Late Archaic “for those groups that 
did not adopt agriculture.” The Early Agricultural period is defined as the period of time spanning the initial 
appearance of agriculture, including the San Pedro and Cienega phases in the southern U.S. Southwest. As 
summarized by Mabry (2005a:50–51), large-scale CRM projects in the Tucson Basin have refined the Early 
Agricultural period chronology, bracketing the San Pedro phase between 1200 and 800 b.c. and the Cienega 
phase between 800 b.c. and a.d. 50. An “unnamed interval” describes the period of time between the appear-
ance of maize and the beginning of the San Pedro phase (2100–1200 b.c.) (Mabry 2008:71).

The Falcon Landing site shows that hunter-gatherers, with the same basic architecture and material cul-
ture, used the site principally between 3300 b.c. and a.d. 50, and that the appearance of maize in the regional 
archaeological record at 2100 b.c. had no measurable impact on subsistence, settlement, or technological 
patterns observed at the site. During the Middle Archaic period, local Chiricahua and Cortaro-style projectile 
point traditions characterized Falcon Landing prior to the San Pedro phase. Mabry (2005a:54) points out that 
these types were associated with early maize (2100 b.c.) at McEuen Cave (Huckell et al. 1999). The prob-
able Chiricahua-Cortaro association at Los Pozos (Gregory, ed. 1999) and Falcon Landing suggests that the 
bimodal Archaic/Early Agricultural period taxonomy is appropriately applied to the Middle Archaic period. 
The Falcon Landing site does not justify incorporating a Chiricahua phase into the Early Agricultural period 
because no evidence for pre-San Pedro phase agriculture was found, and because that would create a new 
dilemma for describing pre-agricultural and nonagricultural sites containing Chiricahua and Cortaro-type 
points. The quandary might be resolved if maize is discovered to date to the appearance of Chiricahua or 
Cortaro-style points, perhaps shortly before about 3500 b.c. That scenario would extend the Early Agricul-
tural period to the beginning of the post-Altithermal repopulation of the southern U.S. Southwest and limit 
the Middle Archaic to a shorter window of time centered on the Altithermal.

Prehistoric Cultural Affiliation 

Even with the remarkable stability and similarity in how Falcon Landing was used from ca. 3300 cal b.c. 
until as late as a.d. 1800 (see Chapter 10), it is a reasonable expectation that this 5,000-year record of inter-
mittent occupation would reflect the activities of numerous aboriginal peoples of various affiliations. The 
task and family groups that used and/or occupied Falcon Landing made and fashioned regionally distinc-
tive Chiricahua, Cortaro, San Pedro, and Datil dart points that have been routinely attributed to the Cochise 
culture (Sayles and Antevs 1941) or Middle Archaic period of the U.S. Southwest (Huckell 1984b, 1996). 
As presented in Chapter 3, the distinctive side-notched Chiricahua type is the common recurring Middle 
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Archaic dart-point form found throughout the Sonoran Desert, the Papaguería, and southeastern Arizona. 
The routine association of Chiricahua points with a robust ground stone technology used to process grass 
seeds, the seeds of weedy annuals, and legumous tree pods (especially mesquite [Prosopis sp.]) is indica-
tive of a broad-spectrum foraging strategy that should be considered an underpinning of a highly success-
ful aboriginal approach that not only persisted throughout what is now southern Arizona but flourished. At 
Falcon Landing, the collection and processing of these plant foods was the predominant site activity during 
all periods of occupation, irrespective of the introduction of maize, development of floodplain irrigation net-
works during the Early Agricultural period, the appearance of ceramic container technology, the establish-
ment of sedentary village life and increased social complexity, and the appearance of the Hohokam culture. 

The presence of incipient plainware ceramics at Falcon Landing indicates that the site occupants did 
share in the use of ceramics and contributed to the development of the earliest ceramic technology in the U.S. 
Southwest, a technology that, based on current data, was pioneered as early as 2100 b.c. along the middle 
Santa Cruz River in Tucson (Heidke 1999, 2005, 2006; see also Garraty 2011). Other documented ceramics 
included typical Gila–Salt Basin Hohokam plainwares and a few Sacaton Red-on-buff sherds made from 
materials obtained from the Agua Fria and middle Gila River valleys. Though few in number (n = 122), these 
Gila–Salt Basin Hohokam ceramics provided the strongest direct evidence of a conventional archaeologi-
cal cultural affiliation. 

Establishing Archaic Period Cultural Affiliation

As defined by Fortier and Schaefer (2010:1–8), cultural affiliation refers to ethnographically known cul-
tural groups and can be established for prehistoric groups only when there is a preponderance of evidence 
through a number of different methods, e.g., geographical, kinship, biological, archaeological, linguistic, 
folklore, oral tradition, historical evidence, or expert opinion. Broadly, ancestry, historical records, cultural 
knowledge, languages, archaeology, and/or genetics are relied upon to help determine cultural affiliation. 
In the absence of formal architecture and iconography, evaluating the cultural affiliation of pre-ceramic 
hunter-gatherer groups generally relies on finding stone tool correlates across time and space. Geographic, 
material culture, and behavioral correlates of ethnic identity generally increase through time, with subsis-
tence patterns distinguishing Papago (Tohono O’Odham) “bean eaters” from Hia Tadk Ku:mdam (Hia C-ed 
O’Odham) “Sand Root Crushers” (Bell et al. 1980; Nabhan 1985).

Archaeological constructs of Middle Archaic period cultural affiliation are founded on two principal 
variables: (1) the spatial and temporal distribution of projectile point types, and (2) the appearance of diverse 
plant-food-processing technologies (Haury 1950; Huckell 1984b; Irwin-Williams 1979; McGuire 1982; 
Rogers 1939; Sayles 1983). The former of these reflects male knowledge, technology, and stylistic expres-
sion recorded on transported hunting gear, whereas the latter represents subsistence choices based on plant-
foraging opportunities. Consequently, cultural affiliations based on projectile points can be expected to be 
far-reaching, whereas cultural affiliations based on plant-processing technologies will always appear local. 
Archaeological evidence for cultural affiliation shifts from potential non-kin, male-oriented technologies 
(projectile points) to kin-based, female-oriented technologies (pottery) after the development of decorated 
ceramics (Gladwin and Gladwin 1929). 

The cultural identity of Archaic period populations in the southern U.S. Southwest was originally per-
ceived under the Cochise culture rubric (Sayles and Antevs 1941), a regional archaeological manifestation 
of hunter-gatherers with broad similarities in subsistence and organization shared throughout the American 
West and U.S. Southwest (e.g., Irwin-Williams 1967; Jennings 1956). Haury (1950:532) identified Ventana 
Cave as a location shared by western (Amargosa) hunters and eastern (Cochise culture) gatherers, followed 
by the expansion of Cochise culture San Pedro phase groups, who developed into the Hohokam and Mogol-
lon. He later argued that the Hohokam were migrant southern farmers (Haury 1976). Irwin-Williams (1979) 
identified the Cochise culture as one of four cultural traditions in the Southwest: (1) western (Pinto-Amar-
gosa), (2) southern (Cochise), (3) northern (Oshara), and southeastern (Chihuahua) branches of a widespread 
cultural entity she described by the acronym “Picosa.” Huckell (1984b:204) later attributed the cultural and 
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economic significance placed on Cochise culture ground stone technologies to undersampling, pointing out 
that it does not reflect the value placed on hunting in montane and upper piedmont settings (e.g., Agenbroad 
1970). He argued further that the Cochise culture be abandoned as a means for describing cultural affiliation.

The archaeological record of the Cochise culture (Sayles 1983) does not demonstrate 9,000 years of 
continuous, in-situ cultural development (Waters 1985), but cultural continuity in the form of redundant sub-
sistence, land use, and technological patterns is apparent at multicomponent sites by the Middle Archaic pe-
riod (Huckell 1996). The post-Altithermal social environment of the U.S. Southwest was complex and, aside 
from similar land-use and subsistence practices, the level of interaction and competition that existed among 
groups is unknown. Wills (1988) has argued that population pressure and increased boundary maintenance 
was responsible for stylistic variation in Middle Archaic period projectile points, whereas Huckell (1996) 
describes the Middle Archaic as a period of increased coherence among previously regional populations. 
Both of these statements point to a diverse social landscape, although not one characterized by violence or 
other evidence of defended territories (Cashdan 1983).

The wide variety of projectile points associated with Chiricahua phase sites has confounded traditional 
culture area definitions, but they lend valuable insight into the social landscape of the southern Southwest. 
The diversity of projectile point types associated with the Chiricahua phase must be intimately connected to 
postmarital residence customs as well as chronology and mobility. Peregrine (2001) asserts that Southwest 
hunter-gatherer groups were probably patrilocal based on the frequency of patrilocality among hunter-gather-
ers worldwide (e.g., Ember 1978). The postmarital residence patterns of foragers are difficult to identify even 
among living groups, but the sexual division of labor is generally thought to play a large part in hunter-gatherer 
residence patterns (Korotayev 2001; Murdock 1949). Ember (1978:447) noted that a higher dependence upon 
gathering predicts a tendency toward matrilocality (uxorilocality), and that competition and warfare favor 
patrilocality (virilocality). The marriage and residence patterns of ethnographic groups in the U.S. Southwest 
were highly flexible, but among recent O’odham groups patrilocality was common (Bahr 1983:182).

Owen (1965:687) drew attention to the fact that in patrilocal band organizations, it is the females who 
move, taking with them female “culture.” In southern California, grinding tools, gravers, cutting tools, and 
scrapers, which might have been used by women more frequently than men, show little distinctive variation 
over wide areas. In the same region, however, considerable local distinctiveness may be seen in such things as 
projectile points, fishhooks, and ceremonial objects (“plummet stones,” “doughnut” stones, “cogstones,” etc.). 
Owen (1965) argued that this is the sort of pattern one would expect if males tended to be relatively localized 
and isolated from the culture of foreign males, but where females and female culture were relatively mobile.

A related issue in reconstructing the cultural affiliation of prehistoric populations in the U.S. Southwest 
revolves around the origins of the Uto-Aztecan language group. A southern California homeland for Uto-
Aztecan is supported by the amount of linguistic diversity there (Fowler 1983); however, the Proto-Uto-
Aztecan homeland is suspected to have been somewhere in southern Arizona or northern Mexico (Campbell 
1997; Wichmann et al. 2010). Glottochronological estimates indicate that the initial Uto-Aztecan break up 
and expansion began around 3500 b.c. (Miller 1983). Hill (2001) identified central Mexico as the source for 
Uto-Aztecan migrant populations responsible for introducing maize farming into the U.S. Southwest, arguing 
that maize itself was responsible for the rapid diffusion of Uto-Aztecan. Archaeologists have approached the 
problem from the opposite direction, arguing that language accommodated the rapidity of maize dispersals 
into the U.S. Southwest (Merrill et al. 2009). MtDNA surveys show greater than expected variation between 
the main Uto-Aztecan branches, however, suggesting that entire family groups (females) were not part of 
a mass prehistoric migration. Malhi et al. (2003) interpret the mtDNA data as evidence that archaeological 
(cultural) traditions explain prehistoric gene flow more so than language, and that this reflects the prehistoric 
movement of males rather than females.

Widespread, diverse, exogamous hunter-gatherer populations sharing a post-Pleistocene broad-spectrum 
adaptation, and probably a distant language group, represent the hallmark of the Middle Archaic period in 
the U.S. Southwest. The extension of female labor and plant processing that characterized the Chiricahua 
stage may have favored matrilocality (uxorilocality) and the incorporation of non-kin male technologies into 
local hunting, plant-processing, and habitation sites. The widespread and overlapping distribution of coeval, 
regionally distinctive projectile point types may be explained by the dispersal of male technologies not only 
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during long-range hunting and mate-selection forays (Haury 1950:532; Shackley 2005:122–125), but also 
as a consequence of postmarital residence patterns that would have contributed to the high linguistic and 
genetic diversity of the U.S. Southwest.

A Structuralist Approach to Cultural Affiliation: Deep Structures and Habitus 

When the occupational record at Falcon Landing is examined as a whole, the remarkable persistence of the 
same subsistence strategy using the same lithic technology at the same location for nearly half the Holo-
cene is itself distinctive and important. As documented ethnographically and presented in Chapter 9, these 
essentially techno-economic activities were undoubtedly a key foundational element of what can only be 
considered a remarkable Native American heritage of considerable antiquity within the Sonoran Desert. 
This heritage was shared by family groups at Falcon Landing and in all likelihood by numerous aboriginal 
groups throughout the vast low-desert region of the U.S. Southwest. One of the most intriguing analytical 
possibilities afforded by the data from the Luke Solar project was the opportunity to examine these shared 
commonalities over five millennia of human activity at a single location. From the Early Archaic period 
(9500–3500 b.c.) through the entirety of the Late Archaic (1200 b.c.–a.d. 50) and Hohokam periods, the 
sites constituting the Luke Solar project represent periods that witnessed profound changes in nearly ev-
ery aspect of human existence. From a subsistence economy focused exclusively on the acquisition of wild 
plants and animals, through the Early Agricultural period when people experimented with the potentials of 
domesticated resources, to the nearly fully agricultural Hohokam periods, this area bore witness to changes 
that in other parts of the world have been classified as revolutionary. Similar changes can be seen in social 
and domestic organization, with the early periods characterized by small, mobile family groups eventually 
giving way to settled village life. Similarly profound changes have also been documented in technological 
focus and sophistication in every aspect of material culture.

Given the opportunity to examine these changes over a 5,000-year interval, it is not surprising that a 
main focus of the Luke Solar project has been to examine changes in subsistence, technology, and social 
life through time. Indeed, this is precisely the path pursued in this volume. As the analyses progressed, it 
became clear that, although temporal variability could be identified in a number of areas, what was more 
striking was the overall similarity in the data throughout the occupation of the site, which in turn suggested 
long-term stability in the kinds of activities that were performed at the Luke Solar sites. These activities in-
cluded the collection and processing of mesquite pods, evidenced by an extensive ground stone collection 
and numerous processing pits; the production and maintenance of bifacially flaked stone tools, reflected in 
an abundance of bifacial-thinning flakes; and the opportunistic hunting of leporids, as evidenced by their 
nearly exclusive representation in the faunal collection. Although the data suggest variability through time 
in the frequency of use, the overall pattern appears to represent the seasonal use of the site by small groups 
of individuals. Given the low intensity of occupation evident for much of the sequence, it is possible that this 
seasonal reuse was sporadic at best, with multiple years separating individual occupational events.

Although it is clear that the uniformity of behavior through time reflected in the archaeological data 
from the project sites may have been influenced by the unique physical attributes of this location (see Chap-
ter 2), it is unlikely that any single set of environmental factors can fully account for the continuation of 
the activities discussed above in light of the profound changes in nearly all other aspects of life during the 
five millennia that the Luke Solar sites were occupied. Even though we are referring here to a set of rather 
mundane activities, these activities likely represented something much more important because they likely 
promoted aspects of personal and group identity. It is this aspect of social existence as expressed in the Luke 
Solar data that is examined in the remainder of this section.

Although most anthropological theory has been devoted to providing models to explain how societies 
change through time, the work of Pierre Bourdieu and others beginning in the 1970s explored an approach 
to culture that looked instead to explain the continuation and reproduction of practices and beliefs (Bour-
dieu 1977, 1988). Simply stated, these approaches focused on the power of cultural rules, laws, norms, and 
practices that taken together were referred to simply as its structure. Many of the more formal rules and 
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practice, such as marriage rules, inheritance, and other familial rights and responsibilities, became part of 
the “natural order” of a particular society, a concept Bourdieu referred to as the habitus (Bourdieu 1977:78 
Giddens 1979, 1984). Bourdieu argued that these kinds of behaviors were exceptionally stable, continuing 
relatively unchanged across generations.

These aspects of the structuralist approach, specifically its explicit focus on cultural stability and uncon-
scious transmittal of behaviors, were the main sources of criticism of the approach. For scholars interested in 
how new cultural formations arise, this emphasis on cultural stability had minimal appeal. Secondly, many 
anthropologists took exception to its relegation of human actors to passive participants rather as potential 
agents of change. As such, the model had limited utility for explaining cultural change. 

William Sewell responded to these criticisms of the structuralist approach in a 1992 article that attempted 
to return human agency to the structuralist concept of culture. Sewell presented a reformulation of Anthony 
Giddens’s concept of the duality of structure, which was proposed in part to address the absence of human 
agency in Bourdieu’s work, and Bourdieu’s concept of habitus. In Giddens’s model (1979, 1984), the concept 
of “structuration” was defined to describe the interplay of structure and agency as two interacting concepts. 
As outlined by Sewell, Giddens argued that rather than placing constraints on behavior, structures can pro-
vide a framework where knowledgeable individuals can act in innovative ways, even to the point of altering 
the structures that enable them to act. Structure, therefore, can be characterized as a process rather than an 
immutable set of conditions (Sewell 1992:4). In Sewell’s words, structures, in this view, are “virtual,” and 
“are put into practice in the production and reproduction of social life” (Sewell 1992:6). Sewell further ar-
gued that human societies comprise a multitude of individual structures of varying scale, each with its own 
organizational logic. This stands in contrast to Bourdieu’s position that treated cultural structures as a more 
integrated whole. Many of these structures were extremely dynamic and could be manipulated by individu-
als or groups as a means of acquiring or enhancing power (e.g., capitalism). 

In spite of this emphasis on the dynamic nature of many social structures, Sewell also acknowledged 
that some structures, which he refers to as deep structures, can be extremely durable. These stable, deep 
structures, such as marriage rules, elements of personal adornment, ritual activities, or language, are often 
acted upon unconsciously and generally lack significant structural power or the ability to be used to enhance 
power relations. As such, the behaviors that they represent can continue to exist, relatively unchanged, while 
other less stable structures are transformed (Sewell 1992:22).

Structuralism and Agency

Recent work on identity and community in the U.S. Southwest may provide an interpretive framework for 
exploring and understanding the cultural dynamics suggested by the archaeological record at the Luke So-
lar project sites. In the introduction to their edited volume on southwestern communities, Varien and Potter 
(2008) present a model of human behavior with strong ties to the structuralist concepts of Bourdieu, Gid-
dens, and Sewell discussed above, addressing some of the model’s perceived shortcomings while maintain-
ing its strength as a means of explaining cultural reproduction. Varien and Potter emphasized the importance 
of human agency that, they argued, functioned in areas where individual choice was limited, such as those 
structures that would fall under Bourdieu’s definition of habitus, as well as behaviors that allowed for more 
reflexive, individual decision-making (Varien and Potter 2008:7). This relationship between agency and 
structure simultaneously allows for long-term cultural stability as well as providing a means through which 
individual human decisions can affect significant cultural change.

The brief exploration of the concepts of structure presented above suggests one possible explanation for 
the apparent long-term stability of behaviors reconstructed for the Falcon Landing site. It is apparent that 
throughout the occupational history of the site, the core suite of activities attested to in the archaeological 
record were performed by relatively small groups, perhaps individual families or related task groups. Be-
haviors at this scale are likely to meet the requirement of deep structures in their lack of structural power. 
While clearly serving an important economic role in the lives of the people who created the archeological 
record at Falcon Landing, these deep structures may not have provided an opportunity for participating social 
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actors to manipulate the activities in such a way as to enhance their economic, social, or political power. As 
such, the potential may have existed for these activities to enter the realm of deep structure and continue 
relatively unchanged through time.

If the activities reconstructed for the Falcon Landing site do in fact represent deep structures as discussed 
above, this would have important implications for understanding questions of cultural identity across the 
five millennia represented in the site’s archaeological record. Perhaps most significantly, these data would 
imply a remarkable level of continuity between the various archaeologically defined cultures represented 
at the site, reflecting a shared history of at least a core group of people. While not precluding periodic in-
migrations of peoples with differing cultural practices, the local traditions appear to have won out and were 
adopted by any new arrivals.

Land-Use Patterns

The Luke Solar project land-use theme as presented in the HPTP included the topical subthemes of subsis-
tence patterns; technological trends; settlement, demography, and social organization; interaction, exchange, 
and cultural boundaries; and regional considerations. The ways in which the Luke Solar project results con-
tribute toward our understanding of these themes are presented and explored and presented.

Subsistence 

The data on subsistence activities in the Luke Solar project area were primarily derived from preserved plant 
and animal remains, ground stone tools, and characteristics of the earthen pit features. As described above, the 
natural environment surrounding the Luke Solar project area afforded a localized and high-value resource zone 
within an otherwise relatively unproductive and monotonous lower-bajada setting. The presence of a perched 
water table immediately south of the project area was apparently attractive to human groups for thousands of 
years. Although intermittent occupations persisted for millennia, the subsistence pursuits remained largely 
unchanged. It appears that groups primarily inhabited the Luke Solar project area for the purpose of procur-
ing and processing wild-plant material, particularly mesquite and other weedy annuals. The macrobotanical 
record (see Chapter 6) indicated that groups were drawn to the area to benefit from a number of wild plants 
with edible parts, including the fourwing saltbush (Atriplex canescens); mesquite (Prosopis spp.); annual plants 
such as Indianwheat (Plantago spp.), goosefoot (Chenopodium spp.), pigweed (Amaranthus spp.), purslane 
(Portulaca spp.), and horse purslane (Trianthema portulacastrum); and at least one type of grass, panicgrass 
(Panicum spp.). Mesquite and saltbush were also heavily used for fuelwood and construction material con-
sistently through time, as well as saguaro, ocotillo, and creosote bush to a lesser extent. 

The Luke Solar pollen record (see Chapter 7) indicated an overwhelming cheno-am signature that in all 
likelihood represented numerous plant species, but the most logical candidate was saltbush (Atriplex spp.), a 
dominant shrub in the modern vegetation. Economically important plants identified in the Luke Solar pollen 
record included mesquite, palo verde (Parkinsonia [Cercidium] spp.), Indianwheat, hackberry (Celtis spp.), 
wolfberry (Lycium spp.), and grass seeds. These plants have a wide variety of documented and important 
ethnographic uses (see Chapter 9) and can also aid in interpreting the seasonality of the prehistoric occupa-
tions. A single grain of maize pollen was identified from the floor of a San Pedro phase structure, suggesting 
that during the San Pedro phase, the prehistoric inhabitants of the project area had access to this domesticated 
crop; but the lack of maize elsewhere in the Luke Solar pollen record indicates groups were not actively 
engaged in agriculture within the project area. The analysis of pollen washes from select buried metates in 
the project area also contributed some interesting results. Traces of palo verde, wolfberry, and grasses were 
identified, as well as two riverine taxa: cottonwood and a possible cattail grain. The presence of these riv-
erine taxa indicate groups maintained a close connection to a well-watered setting, but it is not clear if this 
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location was the mesquite bosque located immediately south of LAFB or the Agua Fria River located 6.7 
km (3 miles) to the east. Both the pollen and macrobotanical records indicated that the Luke Solar project 
area was likely occupied during the early spring to late summer. Occupations may have occurred sporadi-
cally or occasionally as different plants matured on the landscape.

Animal remains recovered from the Luke Solar sites (see Chapter 4) strengthened the interpretation derived 
from the botanical evidence: the project area was used primarily as a plant-food-processing locale. Effectively 
there was no evidence for hunting parties travelling to higher elevations or other environmental zones to bring 
back deer, pronghorn, or mountain sheep. The faunal collection indicated that people opportunistically caught 
small leporids, rodents, and other small animals consistently over time, but—given the collection’s modest 
size—hunting never played an important role in the vicinity of the project area. Leporid carcasses were heavily 
processed, as evidenced by highly fragmented bone in all contexts. Examination of bone densities per volume 
excavated and assigned to a temporal component generally indicated low intensity of faunal exploitation over 
time, as might be expected if the site population was focused on the gathering and processing of apparently 
abundant plant resources. 

The paleobotanical and faunal materials were important for knowing what kinds of plants and animals 
were used across the site, but they did not inform on what was processed, used, or stored in the specific ex-
tramural pits in which they were preserved. This, of course, was because these features were cleaned out 
after their original use and then filled with trash and/or wind and water-lain sediments. Yet, it was important 
to determine, to the extent possible, the original purposes of the pit features. On a coarse level, functions 
of the project’s food-processing and storage-pit features were determined by creating a morphological ty-
pology (see Chapter 4, Volume 1). This typology was then narrowed down to a few functional types (see 
Chapters 9 and 10). Analysis of the project’s extensive and diverse ground stone collection has singled out 
mesquite as a primary focus of the subsistence activities (see Chapter 3). Another subsistence focus was the 
manufacture and refurbishing of bifacial tools. Like the materials used for local ground stone manufacture, 
stone for these bifacial tools was predominantly procured from the cobble beds along the nearby Agua Fria 
River. Compared to the bifacial debitage counts, few bifacial tools were found at the project sites. People 
provisioned and emplaced site furniture for long-term use, including pounding and grinding implements and 
serviceable cores, but they departed the project area with refurbished and replenished tools, including both 
mobile bifaces and, possibly, flake blanks.

Earthen Pit Technology and FAR 

Chapter 9 looked at food-processing activities in the ethnographic record and their expected archaeologi-
cal signatures, with a focus on features and ground stone. But the expected feature types were for ideal 
circumstances with perfect preservation, whereas nearly all of the Luke Solar features had lost a critical 
component—their original fill, including diagnostic plant remains, faunal bone, and FAR. All that was left 
to characterize the original pits was their size and shape and whether they were oxidized. This was enough 
information to determine whether they were used for storage, cooking, or processing/storage, but there was 
not sufficient information to determine more-precise functions. In previous chapters, we made some strides 
towards this goal by narrowing down the options of the foods most likely processed in significant quantities 
at the project sites. These foods were mesquite, small seeds, cholla, and meat, with palo verde, greens, and 
berries among the plants that were used in smaller amounts.

Most of the subsistence data, primarily about plants, came from Falcon Landing—the focus of this sum-
mary. The subsistence features were extramural and intramural pits (both thermal and nonthermal), activity 
surfaces, FAR concentrations, and in some cases, house floors. Of the 2,738 extramural pits found at Falcon 
Landing, 2,408 had a likely food-processing or storage function. Morphologically, they were classified as 
nonthermal pits (n = 2,373), thermal pits (n = 330), bell-shaped nonthermal pits (n = 25), and bell-shaped 
thermal pits (n = 10). Similar pits with similar presumed functions were also excavated in structures, although 
in much smaller numbers—the number of intramural pits of all types was roughly one-tenth the number of 
extramural pits of all types. As shown in Chapter 10, the frequency and relative distribution of the pit types 
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changed through time, at times dramatically, but all types were used throughout the 5,000 years of site oc-
cupation. Because bell-shaped pits can only be identified in cross-section, more were likely present in the 
inventory of unexcavated pits exposed in plan view during mechanical stripping. Of the identified extramural 
pits, 1,396 were excavated or sampled; these included 1,098 nonthermal, 272 thermal, 17 bell-shaped non-
thermal, and 9 thermal bell-shaped pits. The extramural pits were assigned to 16 mutually exclusive clas-
sifications based on four attributes—in-situ burning, profile shape, volume, and shallowness (see Table 73, 
Volume 1, and Table 90, this volume). Based on these criteria, each of the 16 pit types was then assigned 
one of three functions—cooking, storage, or processing/storage (see Chapter 10). Processing/storage pits—
all of which were nonthermal, shallow pits regardless of diameter—formed the largest functional category 
(n = 1,060). Most of these were regular basin-shaped pits, but irregular, conical, and cylindrical shapes also 
were recorded (as they were for thermal pits). Although in Chapter 10, all thermal pits, regardless of diam-
eter, cross-sectional shape, or content, were classified as cooking pits, we here reclassify bell-shaped ther-
mal pits as storage features. As discussed in Chapter 9, thermal pits with bell or deep basin shapes in cross 
section likely were storage pits whose walls and bases were made stronger by firing (and thus oxidizing) 
them. Thus, in this chapter, only basin-shaped (or variants thereof) thermal pits were classified as firepits 
(n = 271), and accordingly, all bell-shaped pits (nonthermal and thermal) and nonthermal pits that were deep, 
as determined by their depth index, were classified as storage pits (n = 78).

Next to oxidized features, FAR was the best indicator of thermal activities (i.e., parching and baking). 
As a rule, FAR was found outside its original context in concentrations or redeposited in extramural pits, 
structure fill, and middens. Because FAR would not have moved over long distances, we expected that the 
greatest densities of FAR would be in areas that experienced the most intensive thermal activities. Chapter 9 
discusses the possibility that much of the FAR was the result of parching, with parching features showing 
little or no oxidation because low heat was used. If so, some or even many of the project’s nonthermal pits 
might have had a thermal function. In those cases, nonthermal pits would be associated with high densities 
of FAR, perhaps as high as that expected for thermal pits. Spatial patterning showed FAR to be located more 
often in thermal pits than in nonthermal ones, although not by a great margin (see Chapter 10). The amount 
of FAR in thermal vs. nonthermal pits fluctuated through time, with nonthermal pits containing more FAR 
during certain periods. The common association of nonthermal features with FAR makes sense because most 
of these features were interpreted as mortar, metate, or basket supports. The pounding, grinding, and storing 
activities went hand in hand with the parching or baking activities. With all these activities happening in the 
same place, FAR would have been easily incorporated into all of these features.

Mesquite and Seed Processing

As hypothesized, at Falcon Landing there were five main plant-processing activities using features: parching, 
baking, grinding support, cake forming, and storage. Most of the several thousand nonthermal features at the 
site likely served as mortar or metate supports (small shallow pits) and basket rests (small to medium-sized 
shallow pits). These clearly correspond to the “cooking/storage” category named above. Fewer features were 
storage pits (deep medium-sized, bell-shaped, or basin-shaped pits), or perhaps earthen mortars (small deep 
pits) or cake molds (small but deep elliptical or cylindrical pits). Of all extramural pits at the site, storage pits 
were the least nebulous as to function. We know that food products were stored in them, and at Falcon Land-
ing, most of these products were likely the cakes made or baked from the flour from mesquite pods and seeds. 
Storage would have been for the stay at the site, with all products packed up and taken away after finishing 
the mesquite harvest.

Thermal pits were the second-most-numerous feature type at Falcon Landing. Parching of mesquite pods 
and various small seeds (e.g., mesquite, grasses, and weedy annuals) likely was the most common thermal 
activity at Falcon Landing. In ethnographic accounts, mesquite pods and small seeds were parched using 
four different methods: (1) in a basket with hot coals, (2) in a ceramic vessel on hot coals or rocks, (3) on 
hot earth (in a shallow but large pit for pods; on a broad surface for bundles of plants), and (4) on a surface 
of hot stones (for pods and bundles of plants). Under ideal preservation conditions, these methods would 
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have resulted in eight different feature types, distinct from each other in size and shape and by the presence 
or absence of ceramics, FAR, and diagnostic paleobotanical materials in the fill. For Falcon Landing, we can 
eliminate the method using ceramics. Because the original feature fill was gone, we can also discard FAR and 
plant remains, and thus, we are left with only three parching feature types: small thermal pit (for Method 1), 
large but shallow thermal pit (for Method 3, pods), and broad thermal surface (for Method 3, plant bundles). 

Baking likely was the second-most-common thermal activity at Falcon Landing, necessary to make 
cakes, remove the salty taste of saltbush seeds, prepare cholla buds, and cook meat. Cakes were primarily 
made from the flour of seeds. Although cakes were sometimes baked from mesquite-pod flour, it was not 
necessary because mesquite-pod-flour cakes harden by themselves. Making cakes was important because 
they were highly transportable, preserved for a long time, and were easy to store. Disregarding the lost 
original fill (which might have contained FAR and/or diagnostic plant remains), baking at Falcon Landing 
would have resulted in only a few different types of thermal pits. Cake-baking pits would have been small 
and relatively deep, and similarly, baking pits for saltbush seeds would have been small and relatively deep. 
Cholla-baking pits would have been medium sized, deep, and possibly rock lined. Meat-baking pits would 
have been small to medium sized and moderately deep. Clearly, it is their greater depth that distinguishes 
the baking pits from the parching features.

Thus, we can tentatively link thermal features to parching, baking, and storage by size and/or shape. 
Small-to-large, shallow pits and broad surfaces were likely parching features; small-to-medium-sized, and 
deep pits may have been used for baking, and bell-shaped pits were used for storage. The most important 
distinction between parching and baking features was their difference in depth, with the first shallow to sur-
ficial and the second deep. With this distinction in mind, decoding the numerous excavated thermal pits at 
the site was a somewhat less-daunting task. Spatial relationships between contemporaneous features also 
informed on subsistence activities. For instance, parching usually occurred in the same area where tempo-
rary storage in baskets and pounding and grinding took place. It follows that we could expect a spatial re-
lationship between shallow thermal pits (parching) and small shallow or deep nonthermal pits (metate and 
basket supports, mortar supports or earthen mortars), as well as with in-situ ground stone artifacts or caches. 
“Thermal surface” was not a feature type at Falcon Landing, but at least two of the activity areas at the site 
(Features 10180 and 18782) contain oxidized areas (see Chapter 4, Volume 1). The oxidation may have been 
the result of the burning of a ramada or other superstructure, but the absence of postholes suggested this 
oxidation may have been remnants of parching surfaces. 

Ground Stone Correlates of Mesquite and Seed Processing
The second important signature of plant processing was ground stone. Ground stone from Falcon Landing 
consisted of 575 metates, 760 manos, 7 mortars, 94 pestles, 68 Lukeoliths, 43 netherstones, and 537 inde-
terminate pieces (see Chapter 3). Ground stone tended to be located within structures and closely associated 
extramural pit features (see Chapter 10). Most of the recovered metates were basin and flat/concave forms, 
typically used for processing wild-plant foods. The netherstones were moderate sized and showed little or no 
pecking. They may have been used for similar grinding tasks as the metates, or different tasks. The manos 
were primarily made of large, oval-shaped cobbles. Most of the mortars were made of vesicular materials 
and most were large (two boulder mortars weighed more than 28.8 kg each); their deep basins suggested 
they were used to hold large volumes. The large and deep vesicles suggest that the mortars were used to 
crush hard and coarse materials, such as mesquite endocarps (see below). Thirteen times more pestles than 
mortars were found, with different types that spanned the entire spectrum from pounding to grinding. Most 
were large and heavy, averaging 30–40 cm in length and 9 cm in diameter, with a mean weight around 3 kg. 
They would have been used with equally large mortars. A diverse range of raw materials was used for pes-
tles, but in contrast to the mortars, vesicular stone was rare. Three basic forms of pestles were identified—
round-, flat-, and irregular-ended—with the first two most common. Round-ended pestles were cylindrical 
to oval, usually long, and were suited to pound soft materials (such as mesquite pods); generally, this shape 
would be associated with round-bottomed wooden mortars. Flat-ended pestles were conical or barrel shaped, 
and fit a more flat-bottomed mortar. They had a wide range of sizes, likely reflecting different tasks. Coni-
cal, flat-ended varieties are suited for mashing and stirring (such as done with the pulp of mesquite pods), 
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whereas the small flat ends of barrel-shaped pestles focus the tool on a small area and make them better for 
crushing (such as hard seeds). Irregular-ended pestles may have functioned in many different ways, but one 
globular-shaped example was found with a boulder mortar. The 13-to-1 ratio of pestles to mortars at Falcon 
Landing supports the arguments made in Chapters 3 and 9 of this volume: most mortars used at the site were 
probably made of wood and did not survive in the archaeological record. 

Lukeoliths, a subtype of pestle, were similarly used with mortars. They generally were subrectangular 
to almond shaped with convex to slightly concave faces, and as a group, they were homogenous in size. 
Most were made of vesicular basalt. Use wear always included end polish or pecking, and nearly one-third 
of the tools showed light to moderate grinding on one or both faces, indicating additional use as a bottom 
stone. The end wear extended a short distance up the face, but often much higher on the margins, indicating 
that the tools had come in contact with the walls of a mortar. The smooth rounding and polish was similar 
to that commonly evidenced by pestles. Vesicular basalt specimens with heavy polish showed wear extend-
ing a short distance into vesicles but without affecting the sharp crystalline bottom edges. This was taken as 
evidence that the contact material was wood and not stone. 

Ethnographic accounts indicate that processing mesquite involved the use of a highly diverse ground stone 
tool kit, including not just different types of mortars and pestles, but also metates and manos. The tool kit for 
processing mesquite was more diverse than that known for the processing of any other plant species in the 
Sonoran Desert. What also made mesquite-processing tools so different was that they were not just made of 
stone but also wood. The great tool diversity was dictated by the particular makeup of the mesquite pod, which 
contains two different food sources—the sugary pulp and the protein-rich seed, both needing mortar and pestle 
for initial processing, followed by the use of metate and mano for grinding into flour. Grinding into flour was 
done with simple shallow-to-deep basin metates and associated cobble manos, similar to those used for grinding 
other plant materials. It was the use of various mortars and pestles that sets mesquite processing apart. Because 
mesquite pods and seeds are so different from each other, both in mass (pods are bulky, seeds are not) and tex-
ture (pods are relatively soft but sticky, seed coats are hard and difficult to crack), different mortars and pestles 
were needed for each process. Large mortars were used for large quantities of mesquite pods, with pounding 
done in a standing position. These mortars were often made of wood, and so were the long pestles, although a 
combination of wood and stone was common. For smaller quantities of pods, smaller mortars and pestles were 
used (usually stone on stone or wooden mortars with stone pestles), with pounding done sitting down. Impor-
tantly, this was only the first step in mesquite processing: separating the husk, pulp, and endocarp-coated seeds. 
The second step was to obtain the seed enclosed within the endocarp. Ethnographic examples of mesquite-seed 
processing—which involves cracking the seed endocarp—are rare. Most data are for hunter-gatherers, such as 
the Seri; sedentary agriculturists generally did not bother to take this arduous step, which had little return for 
much work. In the few known examples, this processing step was done with smaller mortars and pestles made 
of stone, not of wood. Archaeological evidence suggests that prehistorically, gyratory crushers  (a distinctive 
kind of mortar, either in slab or block form, with a hole in its bottom), likely paired with wooden pestles, were 
used to do the same thing, crushing the seeds together with the pods (see Chapter 9). But no gyratory tools were 
found at the project sites, so we must look at the different mortars and pestles to determine whether mesquite 
seeds were processed, and if so, how. 

The Luke Solar mortars and pestles fit the ethnographic evidence well, with the exception of the wooden 
mortars, which would not have preserved. It is interesting that the few mortars found at Falcon Landing 
were mostly made of vesicular material, which is very different from a hard wood such as that of mesquite 
or fine-grained bedrock mortars, both commonly associated with mesquite-pod processing. Vesicular stone, 
either as pestle used on a stone or wooden mortar, or as mortar used with a wooden or stone pestle, may 
have had the perfect abrasive quality to help crack the endocarps. Another explanation may simply be that 
vesicular material weighed less and allowed larger blocks of stone to be hauled to the project area. The dif-
ferent pestle forms were so distinctive that each may represent a special stage in mesquite processing. The 
round-, flat-, and irregular-ended pestles were mostly made of fine-grained materials, and overall they were 
similar to the pestles used for the first stage—crushing and meshing the pods to separate the husk (exo-
carp), pulp (mesocarp), and hard seed coat (endocarp)—as discussed in the ethnographic studies. Lukeoliths 
were very different from the other pestles, suggesting that their use was also different. Were they used for 
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the second stage of pounding to break the endocarp? Or were they a multitask tool used for both? The pre-
ferred stone for Lukeoliths—like for the mortars—was vesicular basalt. Vesicular stone is highly abrasive 
and was preferred for the grinding of maize kernels on metates and likely also for breaking the mesquite 
endocarps in mortars. Crushing the pods, which made a sticky mess, was more easily accomplished with 
fine-grained stone or wooden pestles and mortars. Likely, then, Lukeoliths were used to crush mesquite en-
docarps and obtain the seeds inside. Future work on Lukeoliths should include plant-residue analysis and 
also experimental studies to ascertain the validity of this hypothesis. At this juncture, the best interpretation 
is that Lukeoliths represent a distinct variety of pestle that was used to process the endocarp-coated seeds 
of mesquite in large wooden mortars. 

What is clear from the features, lithics, and plant and animal remains is that the project area witnessed 
the same subsistence strategies for five millennia; the same types of features and tools were used to process 
mesquite, produce and maintain a hunting tool kit for use at other locations, and opportunistically gather 
other edible plants and hunt various small animals in the project vicinity. In ethnographic accounts, con-
centrated areas of mesquite trees were considered a shared resource. The yearly mesquite harvest attracted 
different families, traveling to these places from their main residences for a time of coming together. Men 
would participate in the harvest but also take care of other tasks, e.g., gearing up for future hunting trips, 
as suggested at the Luke Solar sites. No doubt, for Native Americans such mesquite groves were a big part 
of the collective, remembered landscape, traditional places used in the same way since time immemorial.

Technological Trends 

Technological trends witnessed in the project collection show an interesting redundancy over time, particu-
larly in regard to the stone artifacts. The flaked stone debitage was consistently dominated by bifacial-reduc-
tion debris. The amount of bifacial-reduction debris suggests the site occupants were primarily engaged in 
manufacturing or maintaining bifaces. Flaked stone artifacts were almost exclusively derived from locally 
available, waterworn volcanic cobbles, particularly basalt and rhyolite. These materials were likely obtained 
from the nearby Agua Fria River channels and indicate a preference for local material for all aspects of flaked 
stone tool manufacture and use. Ground stone items included predominantly manos and metates, but mortars 
and a large number of pestles were also present. The ubiquity of ground stone implements corresponds well 
to the botanical evidence presented above, indicating that the record of occupation in the Luke Solar proj-
ect area was consistent with plant-food procurement and processing. There was also evidence for a heavy 
investment in ground stone tool manufacture; many of these large, shaped implements were cached within 
the project area to provision future processing needs. On-site biface reduction and maintenance were also 
primary site activities, as evidenced by the numerous biface-reduction flakes and relatively few broken bi-
faces and abandoned or lost projectile points recovered from the excavations. The flaked stone technology 
practiced at Falcon Landing was focused on provisioning in anticipation of upland artiodactyl hunting. It is 
important to note, however, that there was no evidence of artiodactyl carcasses or carcass portions at any of 
the project sites. The relatively limited amounts of faunal remains recovered from the project sites were not 
sufficient to explain the amount of bifacial-reduction debris in the stone artifact collection, and the project 
faunal collection is best interpreted as the result of opportunistic encounter hunting of leporids at or near the 
site. This disparity perhaps indicates the occupants were not solely engaged in processing plants, and that 
biface manufacture was also an important activity in the project area. Interestingly, there were not many bi-
faces in the stone artifact collection, further indicating that these tools were manufactured and maintained 
on-site but were transported off-site for other purposes. Some of these bifaces may have also functioned as 
easily transported cores that could be used during upland hunting forays (see Kelly 1988).

A small number (n = 125) of ceramic artifacts were recovered from the Luke Solar sites, including 109 sherds 
from the modern ground surface, 12 from feature contexts, and 4 buried sherds from nonfeature contexts. Re-
markably, 2 sherds from San Pedro and Cienega phase contexts (ca. 1200–200 cal b.c.) at Falcon Landing rep-
resent the earliest stages of ceramic technology in the U.S. Southwest. The majority of the sherds (n = 122), 
however, were Gila–Salt Basin Hohokam ceramics, including plainwares, some Sacaton Red-on-buff, and a 



 521

few indeterminate buff and red-on-buff wares. Sherd inclusions also suggested the presence of both decorated 
and plainware pottery made within the local area (i.e., somewhere within the vicinity of the Agua Fria River 
valley) and vessels that were tempered with crushed micaceous schist and imported from areas to the south and 
east of the project area, likely along the Gila River. The overall paucity of ceramics recovered from the Luke 
Solar sites can be explained in two ways. First, most of the occupations in the Luke Solar project area predated 
the adoption and use of a ceramic container technology. Second, groups occupying the project area during the 
Ceramic period only imported ceramic vessels for specific tasks, and ceramic vessels were neither produced 
nor regularly discarded within the project area. The use of ceramic vessels within the project area was likely 
only occasional, used to support subsistence activities such as the acquisition of resources.

Introduction of Maize: Archaeological Correlates and Implications

A single grain of maize pollen was recovered from the floor of a San Pedro phase structure at Falcon Land-
ing (see Chapter 7), possibly arriving at the site as detritus carried from a nearby riverine occupation. Ques-
tions about how maize agriculture was introduced into the U.S. Southwest include an explicit “by whom” 
component that alludes to yet-unnamed Middle Archaic group(s) sometime before 2100 b.c. (Mabry 2005a). 
The prevailing models point to either the rapid diffusion of maize-farming knowledge among regional 
hunter-gatherer populations (Haury 1962; Irwin-Williams 1973; Merrill et al. 2009; Wills 1988), or the in-
migration of maize agriculturalists (Berry and Berry 1986; Haury 1983; Hill 2001; Huckell 1990). Although 
archaeologists have relied on projectile points (traditionally associated with males) to assign pre-ceramic 
cultural identities, it is acknowledged that the adoption of new plant foods may indicate that female relation-
ships should also be considered (Roth 2006). Gypsum Cave−style points have been offered as evidence of 
a possible Mesoamerican projectile point style associated with early maize (Berry and Berry 1986; Carpen-
ter et al. 2005), but the style is widespread and still predates the introduction of maize by several centuries 
(Huckell 1984b; Mabry, ed. 1998b:111; Matson 1991). In the middle Santa Cruz River valley, Cortaro and 
“Pinto-like” projectile points have been associated with early maize (Gregory, ed. 1999), although one of 
the projectile points clearly resembles the Chiricahua type (see Chapter 3).

Merrill et al. (2009) have proposed that Uto-Aztecan speakers played a crucial part in the diffusion of 
maize farming, not as a wave front, but as a preexisting medium of would-be farmers. Tepiman language 
group members, including Yuman and Piman societies that lived in or near the project area, have a high 
incidence of the “Albumin Mexico” mutation, a Mesoamerican trait variably shared among Uto-Aztecan 
populations (Hill 2001). The lack of mtDNA evidence for a Mesoamerican origin of Uto-Aztecan speak-
ers supports the potentially significant role of traveling males. Although all-male migrations from central 
Mexico to the northern limits of the Great Basin are considered unlikely, band-to-band diffusion is regarded 
as a likely scenario. Merrill et al. (2009:21,024) have proposed a post-Altithermal Uto-Aztecan repopula-
tion of the U.S. Southwest from north and south around 3900 b.c. that created a cultural continuum through 
which maize diffused.

There is a high likelihood that the Middle Archaic people(s) that introduced maize to the U.S. Southwest 
were also the makers of one or more distinctive projectile point types (e.g., Chiricahua, Cortaro, etc.). The 
age and geographic distribution of individual Middle Archaic projectile point types are not well documented, 
but the life zones of the Southwest can be expected to show fundamentally different behaviors over short 
distances, a point made by Huckell (1984b) in his critique of the Cochise culture. Middle Archaic sites are 
both rare and multicomponent, however, so linking early direct dates on maize with projectile point types 
may be a long process and may not prove to be meaningful for understanding the propagation of maize.

As a foraging site dedicated to the intensive processing of native-plant foods, and in light of extensive 
and intensive sampling, the Falcon Landing projectile point collection is significant in terms of what types 
were represented and what types were missing. Assuming that Middle Archaic hunters would not travel 
great distances to participate in the activities at Falcon Landing, then the projectile points associated with 
nondescript but long-term plant-processing sites can be expected to be dominated by local traditions. For 
example, Pinto, San Jose, and Gypsum-style projectile points are common components at Middle Archaic 
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sites in cienega, dunal, cave, and upper piedmont sites (e.g., Bayman 1986a; Gregory, ed. 1999; Haury 1950; 
Huckell 1984b; Roth and Freeman 2008; Sayles and Antevs 1941; Whalen 1971, 1975), but unambiguous 
examples of those types were not found at the Falcon Landing site. If the initial dispersal of maize into the 
Phoenix Basin happened between 4300 and 2100 b.c. (Merrill et al. 2009), then the women argued to be re-
sponsible for incorporating maize into their foraging economies were probably directly related to men that 
made Chiricahua, Cortaro, Datil, and other dart points (i.e., Mabry 2005a; Roth 2006).

Settlement, Demography, and Social Organization 

For over 5,000 years, the project area primarily functioned as a mesquite-processing camp and at times also 
as a seasonal habitation. It was used most intensively during the Middle and Late Archaic and Early Ceramic 
periods. The same subsistence strategy persisted successfully all this time, with the reliable mesquite crop as 
the primary targeted food source. At the same time, another, very different resource was procured nearby—
stone from the Agua Fria riverbed, 6 km (3.7 miles) to the east for making bifacial flaked and ground stone 
tools. Ground stone tools were used in the project area, primarily for processing mesquite. Flaked stone tools 
were taken elsewhere to be used for animal procurement and processing. These two different resources—
mesquite and stone—and perhaps also the availability of water were the raison d’être of Falcon Landing and 
nearby sites, although people also collected other plants and opportunistically hunted small animals in the 
site vicinity. The nearby river has no associated floodplain in this part of the valley, and agriculture was not 
an option, explaining the dearth of maize and other cultivars in the archaeobotanical record. 

Based on the known inventory of available resources, Chapter 9 discusses Archaic period seasonal move-
ment on the bajada between the White Tank Mountains and the Agua Fria River. A series of cold-season base 
camps are presupposed along the mountains, specifically in the east-facing canyons that contain permanent 
water sources, including tinajas. Rockshelters and other protected places would have been prime locations for 
these residences. From here, people could procure acorn and artiodactyls in the fall and agave in late winter/
early spring, among other mountain food resources. Stored foods (such as mesquite, saguaro, and other plant 
products) collected during the summer would form part of the food supply. In spring, people left these base 
camps and descended to the lower bajada for the harvest of spring plants, particularly mesquite, setting up 
camps along mesquite bosques such as at Falcon Landing. Mesquite harvesting and processing might take 1 
month, completed before the start of the monsoon rains around mid-July. While women were busy collecting, 
parching, and baking plant foods at Falcon Landing, men headed to the nearby river to collect stone needed for 
making grinding implements and bifacial tools. With the mesquite harvest done, ground stone tools cached, and 
cakes and finished flaked stone tools packed for transport, people would head back towards the upper bajada 
where saguaro fruits were now ready to be picked. If different families had converged in the project area for 
the mesquite harvest, they would set up individual processing camps to collect and process saguaro. Finally, 
after the saguaro harvest, families went back to their base camps along the mountains. Of course, this inferred 
seasonal pattern is just for vertical movement between mountains and river, and should not be interpreted as a 
comprehensive regional mobility model for the groups using the project area. As discussed in Chapter 9, peo-
ple also moved horizontally, likely over great distances, even within the same biotic community (e.g., lower 
bajada). Ascertaining the scale of mobility for prehistoric land use is a complex task, however, which is why 
our discussion of seasonal mobility has focused on the immediate catchment area—the bajada between the 
White Tank Mountains and the Agua Fria River. In the following section, we will compare this settlement pat-
tern with others in similar settings across the region. 

The Summer-Lowland and Winter-Upland Settlement Pattern

How does the inferred land-use pattern described above compare to the archaeological data? As reviewed in 
Chapter 2, Volume 1, survey and testing along the eastern flanks of the White Tank Mountains and adjacent up-
per bajada has yielded little evidence of Archaic period occupation. Most prehistoric sites have been attributed 
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to the Hohokam and date to the late Colonial–Sedentary periods (a.d. 700–1150) (Breternitz 2004; Ellis 1997; 
Potter and Garrotto 2000). Sites include rockshelters and small habitations—several with small ball courts—
and features include large roasting pits, which may have been used to process agave. No evidence was found 
for agriculture, and people residing here were thought to have subsisted on the local wild-plant and animal re-
sources. Overall, the sites had higher proportions of ceramics than flaked stone, with little evidence of flaked 
stone and ground stone procurement and manufacture. Potter (2002:199) has suggested that this is because 
most lithic sources in the area are granite—not a good material for flaked stone tools. Most ground stone was 
vesicular basalt, likely imported from the banks and channel bars of the Agua Fria River. Part of the preponder-
ance of Hohokam signatures may be because of their greater visibility, and this would certainly be true for the 
reconnaissance of the White Tank Mountains Regional Park conducted in the early 1960s (Johnson 1963). But 
it is surprising that two large surveys (together covering nearly 10,000 acres, with 74 sites recorded, of which 
33 were tested) conducted by Soil Systems, Inc. (Breternitz 2004; Ellis 1997) and SWCA (Potter and Garrotto 
2000) found no Archaic period sites or site components. Likely, desirable places such as rockshelters and sites 
near water (tinajas or rock tanks) contain underlying Archaic period materials. Indeed, the presence of Middle 
and Late Archaic projectile points found at some of the sites or as isolates indicates that the area was certainly 
used during the times that Falcon Landing was occupied, supporting the land-use model offered above. 

Because data on Archaic period use of the White Tank Mountains/Agua Fria bajada are so sparse, we 
need to look elsewhere to substantiate our proposed model. For comparison, we selected four relevant Middle 
Archaic, Late Archaic, and/or Red Mountain settlement systems, located in the Phoenix Basin, the Tucson 
Basin, along the San Pedro River, and along the Rio Grande in Texas. Environments range from lower to 
upper Sonoran Desert to Chihuahuan Desert grassland, but all these systems involve sites on the lower and 
upper bajada and along mountains. Most comparable to Falcon Landing is Last Ditch (AZ U:5:33 [ASM]), 
a site located approximately 40 km (25 miles) away on the middle–lower bajada west of the McDowell 
Mountains in Paradise Valley of the northern Phoenix Basin. The site was occupied during the Middle and 
Late Archaic periods as well as in the Red Mountain phase. Excavations exposed four small structures (likely 
brush-covered shelters), several middens, numerous extramural features, FAR scatters, and relatively few 
artifacts, all in a 115-acre area. Macrobotanical samples contained charred amaranth seeds and fragments 
of mesquite pods and seeds. The site also showed slightly elevated counts of cheno-ams, spurge, mustard, 
Liguliflorae, tidestromania, and cholla. Phillips et al. (2009:63–64) theorized that Middle Archaic period 
gatherers targeted small seeds from grasses and annual herbs then parched them in baskets using heated 
rocks, which explains the many thermal pits found at Last Ditch. After parching, seeds were believed to have 
been transported to a base or field camp to be ground into meals for consumption. 

Rogge’s (ed. 2009:70–77) archival search for all Archaic period sites within a 25-km radius of Last 
Ditch identified 23 sites, consisting of 4 base camps, 7 field camps, 11 locations, and 1 station—functional 
site types derived from Binford’s (1980) model of foraging strategies. Base camps are residential sites con-
taining the highest artifact and feature diversity and typically are associated with vital resources such as 
permanent water, rockshelters, and rich food-resources patches. From these camps, groups would make ex-
cursions to different places to procure various resources, which were brought back to their residence. Two 
base camps near Last Ditch were open-air sites with substantial middens in the southern McDowell Moun-
tains and two others were rockshelters (Rogge, ed. 2009). Field camps are sites that were visited regularly 
on a temporary basis for resource procurement and processing. They may include ephemeral structures but 
have less artifact diversity than base camps. Field camps were found exclusively in middle−upper bajada 
settings (Rogge, ed. 2009). Last Ditch was considered a field camp, where task groups processed resources 
that were returned to base camps. Locations are places that were visited briefly by small groups to procure 
and process resources, similar to field camps but not occupied with the same regularity. Field camps and 
locations were distributed evenly through the study area (Rogge, ed. 2009). Stations are places visited by 
individuals or small groups to gather information (such as game monitoring) or for ritual activities (such as 
creating rock images). Overall, Rogge (ed. 2009) found that Archaic period groups preferred the Arizona 
Upland Subdivision over the Lower Colorado Valley Subdivision of the Sonoran Desert, where Falcon Land-
ing is located. These settlement data are not unlike our model of seasonal movement involving Falcon Land-
ing, although previous research has found little evidence of Archaic period occupation on the White Tank 
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Mountains bajada. However, we should keep in mind that for most of the 23 sites in this study, diagnostic 
projectile points and ground stone or the absence of ceramics were taken as evidence for Archaic period use; 
only two sites (both rockshelters) were dated based on excavations (Rogge, ed. 2009). Very likely, some of 
the rockshelters and others sites recorded along the eastern flanks of the White Tank Mountains will prove 
to be Archaic in age when excavated. 

One question this comparison brings up is how Falcon Landing articulates with this functional site typol-
ogy. In spite of its numerous residential features, it does not qualify as a true base camp because the site did not 
function as a central hub for multiple, different activities in the area. In general, products left Falcon Landing 
rather than being brought to it. For instance, although provisioning groups with hunting tools was an important 
site function, all tools left the site, and game was never brought back. Also, saguaro fruits were a critical food 
resource gathered not far away on the upper bajada, but no charred saguaro seeds were found in the project 
samples. Thus, in the above typology, Falcon Landing—like Last Ditch—best fits the field camp category, be 
it one with an extensive residential component. Coffee Camp, located on the Santa Cruz Flats north of Tucson, 
is another comparable field camp (Halbirt and Henderson 1993). Coffee Camp was a nonriverine, Late Archaic 
period plant-processing locale where agriculture had no role, even though agriculture did play a role at many 
nearby and contemporaneous sites in the region. Instead, the large ground stone collection and archaeobotani-
cal evidence indicated the importance of small seeds of grasses and weedy annuals throughout the site’s his-
tory, combined with some mesquite and cholla. The relevance of Coffee Camp to Falcon Landing is not just 
that both contained Archaic period components that included numerous plant-processing features and ground 
stone artifacts, but also that both sites remained untouched by nearby revolutions in subsistence practices.

Based on surveys on the bajada between the San Pedro River and the Huachuca Mountains, located in 
the Chihuahuan grasslands, Vanderpot (1997) described a Late Archaic land-use pattern driven by small-seed 
procurement and processing on the lower bajada in summer and hunting artiodactyls (deer) and exploita-
tion of mountain plants on the upper bajada in the winter. The middle bajada had the fewest sites and was 
basically just passed through on the way to other places. In terms of the site typology in Rogge (ed. 2009), 
large central field camps on the lower bajada were surrounded by numerous locales used to collect and 
parch seeds. Storage features (e.g., rock rings that served as supports for large baskets) at the field camps 
indicate they likely functioned as logistical collection centers for wild-grain procurement. The field camps 
were tethered to large, residential base camps located nearby along the river. A different kind of settlement 
was found on the upper bajada, where base camps (associated with small numbers of field camps) were 
found at the mouths of canyons in the Huachuca Mountains. These mountain camps had a hunting focus, 
and some also contained large roasting pits, likely used for agave, and bedrock mortars suggestive of acorn 
processing. This dual upland-lowland (mountain-riverine) settlement pattern was first recognized by Wha-
len (1971, 1975), based on his work at nearby Archaic sites in the same valley along the Whetstone Moun-
tains (see Chapter 3). But in contrast to the settlement pattern noted for the Huachuca Mountains, Whalen 
(1971) found that upland sites were more numerous and represented much more intensive occupation than 
sites on the lower bajada or along the river. Likely, this difference was because the San Pedro River has a 
much wider floodplain along the Huachuca Mountains than along the Whetstone Mountains (several large 
habitation sites have been recorded along the Huachuca Mountains, including several dating to the Late Ar-
chaic). This dual-zone pattern of seasonal land use was common throughout the southern Southwest, but as 
shown by the San Pedro Valley example, the emphasis on use of either zone differed per geographic area. 

For the Tucson Basin, Roth and Freeman (2008) similarly modeled seasonal movement of Middle Ar-
chaic foragers between floodplains and upper bajada/montane sites. Base camps on the Santa Cruz River 
floodplain were used in late spring to harvest spring plants and mesquite. By summer, people moved to the 
upper bajada to collect saguaro, returning to the floodplain base camps in late summer to exploit weedy an-
nuals, grasses, and more mesquite until winter, when they moved to the mountains to collect higher-elevation 
plants and to hunt. In this scenario, and very different from that noted for the lower bajada along the San Pe-
dro River, the Santa Cruz River lower bajada ranks as a poor resource area. This difference reflects a major 
contrast between the Chihuahuan and Sonoran Deserts: the lower bajada of the first was covered with lush 
grassland and that of the second with mostly unproductive desert thornscrub. The Tucson Basin model re-
sembles the model for the White Tank Mountains/Agua Fria bajada in many ways. The lower bajada along 
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the Agua Fria River similarly was a poor resource, except for the presence of mesquite bosques in certain 
better-watered areas and the availability of grasses and seed-bearing annuals during short periods in sum-
mer. A main difference is that the local Agua Fria River floodplain is narrow to nonexistent, with this zone 
having little attraction except for its stone. Clearly, each geographic area has its own unique circumstances, 
reflected in its Archaic period settlement.

Some of the best archeological data on mesquite processing come from Texas, with charred mesquite 
pods, endocarps, and seeds found at a variety of open-air sites and rockshelters, dating to different time peri-
ods and found in different geographical areas (Alexander 1974; Dering 1994, 1999, 2001, 2005; Irving 1966; 
O’Laughlin 1980). A good example of a mesquite-pod-parching feature was excavated at the Arroyo de la Presa 
site in Presidio County, Texas (Cloud 2004) (see Chapter 9). The Keystone Dam site in the northwestern part 
of El Paso forms the best comparison to Falcon Landing. This site has evidence of mesquite processing (and 
other plants) and also some of the earliest houses documented in the southern U.S. Southwest. The Keystone 
Dam site is located on the lower bajada, adjacent to the floodplain of the Rio Grande and west of the Frank-
lin Mountains (O’Laughlin 1980). The primary component was an intermittent residential base camp dating 
to the Middle Archaic period (2500–1800 b.c.). A second, more ephemeral component was a Ceramic period 
(160 b.c.–a.d. 1500) seasonal processing camp focused on desert succulents. About 40 Middle Archaic period 
structures were built in shallow pits, roofed with brush domes, and had unprepared floors that contained small, 
informal hearths. The structures were about 3 m in diameter and were clustered in small groups. FAR features 
were found interspersed among the houses. The site is close to six distinct environmental zones, each with 
a different mix of important plant foods, including mesquite, weedy annuals, and desert succulents. Hunting 
was not very important, given the sparse faunal collection of mostly rabbit bones. Simple ground and flaked 
stone tools were made from local raw materials, with flaked stone tools extensively reworked and reused. As 
O’Laughlin (1980) interpreted this component, during late spring, summer, and fall, the structures were used 
to store locally gathered plant resources; during winter and early spring, they were used as dwellings. The Mid-
dle Archaic period record from Keystone Dam is remarkably similar to that of Falcon Landing. In particular, 
the emphasis on summertime residence at Falcon Landing for wild plant-food procurement and processing, 
as well as the architectural characteristics, compare closely to that identified at Keystone Dam. For example, 
the architecture at Falcon Landing consisted of small, ephemeral brush structures likely used for storage and/
or short-term dwellings. The majority of structures at Falcon Landing were constructed during the Chiricahua 
and San Pedro phases (ca. 3300–800 b.c.), corresponding to the highest intensity of site occupation. A gradual 
decline of site occupation occurs following the Archaic period, with occupations of shorter duration and less 
intensity continuing throughout the Ceramic period (ca. a.d. 300–1450).

Our review of Archaic period land use shows that each of these settlement systems was unique. All reflect 
the riverine-mountain zone dichotomy, with the mountains used as cold-season resource zones in all cases. 
The main differences were in the use of the lower bajada. In the Chihuahuan Desert, this zone was often 
covered with lush grasslands, making it an important area for summer procurement of wild cereals. But in 
the Sonoran Desert, the lower bajada is mostly covered with thornscrub with few edible species, and—as 
shown by the Paradise Valley and Tucson Basin examples—was an area mostly passed through on the way 
to or from the river and upper bajada. As noted by Rogge (ed. 2009), the lower-bajada setting within the 
Lower Colorado Valley Subdivision is generally a poor resource zone. Falcon Landing, located in this poor 
zone, owed its existence primarily to a perched water table and the resulting presence of the nearby mesquite. 
The questions of whether similar hydrological conditions encouraged mesquite bosques elsewhere along 
the Agua Fria River, and whether similar mesquite-processing camps were established there, will have to 
await further research (see following Directions for Future Research). In the meantime, Falcon Landing is 
considered unique on several levels. First, it was a vast residential site intermittently occupied for over three 
millennia throughout the Archaic periods, thus giving a tremendous boost to our knowledge of settlement 
during this poorly understood time. Second, the site provides an unsurpassed archaeological opportunity 
for the single-focused study of mesquite use—the first time in the U.S. Southwest that this economy can be 
isolated over such a long period of time. In particular, the project’s extensive and varied ground stone col-
lection has provided researchers with food for thought for many years to come. Third, the concurrent man-
ufacture of bifacial tools, not for local use but for provisioning in anticipation of upland hunting, shows a 
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very different site use as a gear-up camp. No doubt, hunting camps along the White Tank Mountains contain 
the very tools manufactured in the project area. Together, Falcon Landing’s mesquite-processing and lithic-
provisioning components well illustrate the site’s special place in the winter-upland and summer-lowland 
settlement pattern characterizing the Archaic period in much of the U.S. Southwest. 

Mortuary Patterns

Two human burials were identified in the Luke Solar project area, including one secondary inhumation and 
one secondary cremation (see Chapter 8). A review of Archaic period mortuary practices in southern Ari-
zona demonstrates that the Luke Solar burials were not dissimilar from other sites. In other words, secondary 
cremations and inhumations have been documented previously for the Archaic period. Differences between 
the burial features at Luke Solar and those of the comparative sites, however, are significant. As a result of 
postdepositional taphonomic processes, the Luke Solar burials contained relatively few human remains and 
also a fundamental absence of definable mortuary behavior. The rarity of human burials in the project area 
likely reflects the prehistoric land-use practices. Short-term, seasonal occupations would preclude the nor-
mal mortuary behavior practiced by groups during this time. The deceased were likely transported out of 
the project area and interred at a base camp where the proper rituals and customs could be performed with 
the larger community. The association of an Elko and a side-notched San Pedro projectile point with the 
secondary cremation may be significant in this regard, possibly indicating the absence of a larger kin-based 
community and prescribed burial place. 

Interaction, Exchange, and Cultural Boundaries 

The Luke Solar project represents a distinctive lower-bajada resource zone that was routinely exploited by 
both Archaic and Ceramic period groups for at least 5,000 years. As human groups positioned themselves 
across the landscape to optimize the economic potential of the region, the perched water table and mesquite 
bosque associated with the Luke Solar project area became an important location for plant procurement 
and processing. It stands to reason that this positioning on the landscape would correspond to seasonally 
available plant and animal resources. According to the botanical record described in Chapters 6 and 7, the 
project area was likely occupied during the early spring to late summer to exploit the available wild-plant 
resources. The proximity of the Luke Solar sites to the Agua Fria River may have also played an important 
part in this seasonal transhumance. The gravels of the Agua Fria River obviously provided an inexhaust-
ible supply of raw lithic material for flaked and ground stone tools. The Agua Fria may have also acted as 
a natural north–south corridor for groups traveling between lowland (Phoenix Basin) and upland (Central 
Highlands or Coconino Plateau) areas. The only evidence of upland resources in the Luke Solar sites was 
a negligible amount of obsidian artifacts. EDXRF analysis demonstrated that a total of 17 obsidian flakes 
originated from the Government Mountain obsidian source located 200 km (124 miles) to the north of LAFB 
near Flagstaff, Arizona. The only other nonlocal lithic source identified in the project collection included 
9 pieces of obsidian from the Vulture geologic source, located about 70 km northwest of LAFB. Another 
nonlocal commodity recovered from the Luke Solar sites was Olivella shell; numerous Olivella shells were 
acquired from the Gulf of California, located about 250 km (155 miles) to the southwest. Both the Govern-
ment Mountain obsidian and the Olivella shells may have been directly procured, but they likely indicate 
the presence of regional exchange networks that allowed the movement of goods to and from the uplands 
as well as the Pacific Coast. 

Evidence of middle–upper-bajada resources included the presence of nonlocal plant remains identi-
fied in the pollen and macrobotanical records from the Luke Solar project. Plant remains such as charred 
saguaro and ocotillo wood, as well as traces of other types of cactus pollen, were identified in several 
Chiricahua phase structures and extramural pits, indicating their use as construction material or fuelwood. 
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These middle–upper-bajada plants may have existed closer to the project area during the Middle Archaic 
period but likely not within the project area. 

Regional Considerations 

The archaeological record preserved in the project area is unique for now, but other examples of it are likely 
preserved in not only the western Phoenix Basin (see following predictive geologic model) but also in numerous 
lower-bajada settings throughout the Sonoran Desert. The earlier excavations at the Last Ditch site in Paradise 
Valley are interpretable as but one example of this possibility (Hackbarth 1998; Phillips et al. 2001; Rogge, ed. 
2009). As discussed in the preceding cultural affiliation section and presented in Chapter 9, the importance of 
mesquite collection and processing and the associated earthen pit features and stone tool technology are well 
documented ethnographically throughout the Sonoran Desert and now archaeologically at Falcon Landing. 

The spatial and temporal extent of this phenomenon—what could be considered an archaeological 
complex—are currently unknown. It is clear, however, that the evidence from Falcon Landing indicates 
that it is an archaeological phenomenon that persisted relatively unchanged between ca. 3300 cal b.c. and 
ca. a.d. 1800. This 5,000-year record is impressive on its own, but it is just as likely that a reliance on mes-
quite and closely associated native weedy annuals were a primary focus of the Native American lifeway 
beginning by 8,000 years ago, with the establishment of present vegetational regimes across the low-desert 
regions of Arizona and the U.S. Southwest (Van Devender 1990). In effect, the parts of the prehistoric life-
way represented at Falcon Landing are perhaps best considered a single expression of a specific aspect of a 
widely practiced land-use strategy that encompassed the entirety of the low-desert regions of the U.S. South-
west. Only future research will allow us to determine if this adaptation persisted through the Altithermal.

Discussion and Conclusions 

As presented in Volume 1 of this project series, the Luke Solar project involved an essentially unprecedented 
44 acres of contiguous mechanical stripping that allowed the identification of 3,006 buried features at Fal-
con Landing. Of these, 1,638 features (55 percent) were selected for controlled sampling, including the 
complete excavation of 44 structures and partial excavation of 4 possible structures (see Table 7, Volume 1). 
Grouping the 3,006 features at Falcon Landing into the temporal components defined in Chapter 10, 717 
were dated to the Chiricahua phase, 189 to the Chiricahua/San Pedro phase transition, 98 to either the San 
Pedro or Cienega phases, 183 to the Cienega/Red Mountain phase transition, only 19 to the Ceramic period, 
and 28 to the Classic/Protohistoric period. The remaining 1,772 features could only be geologically dated 
to very broad intervals encompassing more than two phases or periods. Nonetheless, the number of dated 
Archaic period features and associated artifacts and ecofacts at Falcon Landing exponentially increases the 
available data concerning the Middle and Late Archaic periods in the Phoenix Basin. The exceedingly large 
plan-view exposure also allowed a detailed examination of site history and site structure (see Chapter 10). 

Even given the relative enormity of the Luke Solar project excavations and excavated sample, similari-
ties and stability were the clear and dominant project trends noted early during the fieldwork, with the iden-
tification and sampling of thousands of small, nonthermal, basin-shaped Middle and Late Archaic period 
extramural pits across the vast 44-acre mechanically stripped area at Falcon Landing. Stability and similari-
ties also characterized the relatively limited numbers and kinds of artifact types, faunal remains, and plant 
remains (see Chapters 3–7). Early during the postfield analyses, it was clear that a core set of limited but 
focused and persistent activities characterized the occupational record at Falcon Landing. Key among these 
activities was the processing of native-plant foods with the aid of a robust, expensive, and curated ground 
stone technology. During all periods of site use, however, the production and the maintenance of the hunting 
tool kit essentially occurred alongside the plant-food-processing activities, as evidenced by relatively large 
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amounts of biface-reduction debitage that was consistently deposited on-site over the course of the entire 
intermittent 5,000-year occupational record. 

Among the project’s greatest challenges and accomplishments was establishing the project geochronology 
(see Chapter 2). Located on a lower bajada of the White Tank Mountains, Falcon Landing was expectedly 
characterized by a dynamic and complex depositional history. The development of the project geochronol-
ogy indicated that occupational intensity increased during periods of aggradation, and these periods of ag-
gradation in turn coincided with periods of increased effective precipitation and biotic-carrying capacity. For 
most of its occupational history, task or family groups primarily used Falcon Landing and the other project 
sites as plant-food processing and lithic-reduction loci. Starting at least as early as ca. 3300 cal b.c., how-
ever, Falcon Landing also functioned, at times, as a short-term habitation site as evidenced by the remains 
of houses-in-pits and surface structures. The physiographic setting of the project area also largely explains 
why Falcon Landing is located where it is; the presence of the distinctive salt domes in this part of the Luke 
Basin resulted in an elevated water table and the establishment of a bosque-like setting just south of the proj-
ect area. This elevated water table and the high-density and productive resource patch it promoted are the 
focus of a predictive model presented later in this chapter. These techno-economic observations and trends 
are relatively demonstrable, straightforward, and pragmatic.

The social context of the occupational record at Falcon Landing, however, included a regional history 
characterized by relatively dramatic economic, social, and cultural changes. The introduction of domesticates 
to the U.S. Southwest at ca. 2100 cal. b.c. had no meaningful effect on the aboriginal use of Falcon Landing. 
On-site activities at Falcon Landing proceeded effectively unchanged for nearly 5,000 years. This 5,000-
year interval witnessed the pioneering and expansion of canal irrigation agriculture along the middle Santa 
Cruz River floodplain in Tucson, followed by the florescence of ceramic container technology for utilitarian 
purposes by ca. a.d. 1, and ensuing increased agricultural dependence and the establishment of sedentary 
village life by the Early Ceramic period (ca. a.d. 50–400). No Early Agricultural period settlements with 
deposits chronicling what is effectively the Neolithic Revolution in the Sonoran Desert as documented in the 
Tucson Basin have been located along the relict floodplains of the Phoenix Basin, and the extent and timing 
of Early Agricultural period technology in the Phoenix Basin unfortunately remains unknown. 

The emergence of the distinctive Hohokam culture (Gladwin and Gladwin 1933; Haury 1976), however, 
and the construction and maintenance of unprecedented canal irrigation systems is an integral aspect of Phoe-
nix Basin prehistory. The Pioneer period (a.d. 400–750) included the construction of the most technologi-
cally sophisticated and largest irrigation systems in North America (Doolittle 2001:79–80). Interestingly, a 
significant decline in occupational intensity at Falcon Landing begins with this Pioneer period achievement, 
and the emergence of the distinctive Hohokam culture at the onset of the Colonial period at a.d. 750 coin-
cides with an occupational hiatus at Falcon Landing that persisted until sometime between cal a.d. 1000 and 
1150. Falcon Landing was used thereafter, but much less intensively and less frequently, and the 5,000-year 
record of aboriginal occupation at Falcon Landing ends during either the Protohistoric or early Historical 
periods (see Chapters 2 and 10). Overall, the Luke Solar project and especially the archaeological record 
documented at Falcon Landing are probably best interpreted as reflecting a persistent and foundational as-
pect of the aboriginal lifeway led in the Sonoran Desert. 

Directions for Future Research

With practical limits on the overall schedule and budget, many avenues of analysis and investigation were 
unrealized during the Luke Solar project. In an ideal world, many more samples and artifacts from a project 
of this size and importance would have been scrutinized carefully, and our interpretations could have devel-
oped over years of coordination and collaboration. In reality, the Luke Solar project was an ambitious effort 
that mobilized fieldwork in four stages over the course of 4 years. The mechanical excavation of 132 back-
hoe trenches, the mechanical stripping of 46.2 acres, and the excavation of over 3,000 prehistoric features at 
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four sites was completed in just under 9 nonconsecutive months (264 work days). These field achievements 
were followed by the rapid preparation of both Volumes 1 and 2 in only a year’s time. This challenging 
schedule necessitated great efficiency, as well as difficult decisions regarding the prioritization and applica-
tion of project resources, and some potential research options were necessarily sidelined. The following are 
but a few examples of possible research opportunities that exist from this project.

Chronometry

One of the limitations of the Luke Solar project was the inability to precisely and directly date the thousands 
of features representing 5,000 years of prehistoric occupation. As described in Chapter 2 and above, nearly 
every feature was assigned to a temporal component, but many of the features were poorly dated, based solely 
on their geologic context. This was especially true for features that originated at erosional unconformities. 
Additional radiocarbon analysis of select contexts would undoubtedly reveal numerous occupational epi-
sodes that were otherwise masked by the existing project chronology. For example, about 45 percent of the 
geologically dated features (n = 1,334) were located at a stratigraphic boundary or unconformity. In other 
words, these features were intrusive into the weathered upper surface of a stratum and covered by younger 
alluvium. Consequently, many of these features are currently dated to long, imprecise periods precluding 
their assignment to one of the temporal components. A useful research opportunity exists here to obtain ra-
diocarbon dates for many of these poorly dated features. Dating a select number of these features would not 
only help assign the particular features to periods, phases, and occupational episodes, but it would also help 
to increase the precision of the geochronological model. In particular, the earliest and latest components in the 
project area remain poorly understood. A single Early Archaic (Sulphur Spring phase) feature was identified 
by radiocarbon analysis at Site 437, and this feature was the only cultural feature in the project area identi-
fied within (coeval with) the Unit I stratum. Based on the geochronology presented in Chapter 2, Unit I is 
believed to have been deposited between 7040 and 5320 cal b.c. Additional radiocarbon dates from features 
intrusive into the surface of Unit I may reveal more Early Archaic features in the project area, which could 
add vital information to our understanding of this poorly understood period. In addition, a limited record of 
Hohokam and Protohistoric occupation was identified in the project area. Further radiocarbon analysis of 
features in younger deposits, such as in Units IV and V, could potentially bolster our understanding of how 
and when the later Hohokam and historical-period Native Americans used the project area.

Another potential tool to expand the chronology of the Luke Solar project is through archaeomagnetic 
(AM) studies. Scheduling and budgetary constraints prevented the analysis of AM samples. Instead, these 
resources were diverted to radiocarbon analysis in order to obtain as many direct dates as possible in order 
to strengthen the geochronology. In total, 72 cultural features that contained heavily oxidized sediment were 
sampled for AM analysis. Conventional AM dating has been used to produce calendrical dates (i.e., a.d. 
or b.c. of the Christian calendar) for sampled features. Evaluating an AM measurement and calculating a 
calendrical date requires comparing the AM value against the Southwestern calibration curve (SWCV595) 
developed by Labelle and Eighmy (1997) and most recently extended by Lengyel (2010). However, with 
the relative antiquity of the Luke Solar features, many of the cultural contexts may predate the Southwestern 
curve. As an alternative scenario, the Luke Solar AM samples may be used as a relative-dating technique. 
In this scenario, AM measurements could be used to define the relationships among archaeological events. 
The AM measurements could be statistically compared and evaluated as either contemporaneous or non-
contemporaneous based on the similarity of multiple AM results. This relative-dating technique is likely to 
be a useful tool for the Luke Solar project. In the current study, determining contemporaneous groups of 
features at Luke Solar was accomplished through radiocarbon dates and geochronology. Addressing con-
temporaneity using AM analysis may provide much insight into the already established temporal groups for 
Luke Solar. An additional product of AM analysis would be to further extend and refine the Archaic period 
portion of the Southwestern calibration curve. Lengyel (2010) was able to successfully extend the South-
west calibration curve using data from the U.S. 60 project located in the eastern Phoenix Basin (see We-
gener et al. 2011), a project that resulted in numerous Late Cienega and Red Mountain phase features with 
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paired radiocarbon and AM dates. The Luke Solar project has documented a large number of significantly 
older Chiricahua and San Pedro phase features, which have the potential to extend the Southwest calibra-
tion curve back to ca. 3000 b.c.

Archaeobotanical Evidence

Subsistence was one of the key components in interpreting land use for the Luke Solar project. The subsis-
tence data for the Luke Solar sites were derived partially from the analysis of pollen and macrobotanical 
samples, recovered from a variety of feature and nonfeature contexts (see Chapters 6 and 7). However, sched-
ule and budgetary constraints limited the number of pollen and flotation samples that could be analyzed. As 
described in Chapter 6, only 145 (6.4 percent) of the 2,269 flotation samples collected from the project sites 
underwent analysis. Additionally, 1,228 macrobotanical and 14C (i.e., charcoal) samples were collected, but 
only 48 (3.9 percent) were analyzed. As Adams states in Chapter 6, the flotation and macrobotanical sam-
ples preserved a relatively limited record of plant use for the Luke Solar sites. The opportunity to analyze 
a larger sample of the remaining flotation or macrobotanical samples may present researchers with a more 
robust suite of plant remains that could be correlated with prehistoric subsistence. Pollen remains, on the 
other hand, expectedly provided a slightly higher diversity of plant taxa than the macrobotanical analysis (see 
Chapter 7). Of the 2,145 pollen samples collected from the Luke Solar sites, only 117 samples (5.5 percent) 
were analyzed. The pollen record for Luke Solar included a single grain of maize pollen from a San Pedro 
phase structure, representing the only direct evidence of a cultigen in the project area. The Luke Solar pol-
len analysis also detected several other possible economic plant resources (see Chapter 7). The opportunity 
to analyze pollen from a larger sample of cultural contexts would undoubtedly add to our understanding of 
the subsistence practices in this lower-bajada environment.

Buried Lower-Bajada Archaeology in the Phoenix Basin: A Preliminary Predictive 
Geologic Model

The geoarchaeological analysis of the Luke Solar project area revealed favorable conditions for prehistoric 
settlement during periods of increased surface runoff in the Middle to Late Archaic and Early Ceramic pe-
riods (see Chapter 2). Similar conditions were also present at the Last Ditch site (AZ U:5:33[ASM]) on the 
McDowell Mountain piedmont during the Middle Archaic (Phillips et al. 2001; Rogge and Phillips 2009a). 
The discovery of buried Archaic period habitations on the bajadas surrounding the Phoenix Basin suggests 
a significant portion of the regional archaeological record is not visible and remains largely undiscovered. 
This brief analysis looks at the paleoenvironmental and geomorphic context of these two sites and attempts 
to identify similar conditions on the eastern White Tank Mountains bajada. It is expected that these loca-
tions will have some potential for buried Archaic period (or older) cultural resources. Although it is beyond 
the scope of this analysis, the geomorphic conditions favoring the burial and preservation of archaeological 
resources on other distal-bajada surfaces surrounding the Phoenix metropolitan area likely exist. This should 
be taken into consideration for all future CRM projects in bajada settings. 

Soils in the vicinity of the Luke Solar project area and the Last Ditch site were placed into four catego-
ries based on county soil-survey data and correlation with the radiocarbon-dated Falcon Landing/Last Ditch 
stratigraphy (Table 105). These categories include Torrifluvents greater than 150 cm in total thickness (Cat-
egory 1), Torrifluvents with buried soils within 150 cm of the modern surface (Category 2), late Pleistocene 
through middle Holocene soils at or very near the modern surface (Category 3), and relict soils with indu-
rated horizons (Category 4). Based on the radiocarbon chronology of Falcon Landing and Last Ditch, many 
Torrifluvents mark areas of the bajada that aggraded during the late Holocene (younger than 3000 cal b.c.) 
(Categories 1 and 2 in Figures 137 and 138). These soils, however, likely represent a wide range of ages, 
with some probably dating to less than 1000 yr b.p. Radiocarbon dates from buried features in the Gilman 
soil series Torrifluvent at the Last Ditch site indicate that some of these soils could have alluvial soil parent 
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Table 105. Soil Series in the Luke Solar and Last Ditch Project Areas

Soil Series
Mapping 
Category

Soil classification Age

Agualt loam 1 Torrifluvent late Holocene (< 5000 yr b.p.)

Antho sandy loam 2 Torrifluvent late Holocene (< 5000 yr b.p.)

Antho gravelly sandy loam 2 Torrifluvent late Holocene (< 5000 yr b.p.)

Anthony sandy loam 1 Torrifluvent late Holocene (< 5000 yr b.p.)

Avonda clay loam 1 Torrifluvent late Holocene (< 5000 yr b.p.)

Avondale clay loam 1 Torrifluvent late Holocene (< 5000 yr b.p.)

Brios loamy sand 1 Torrifluvent late Holocene (< 5000 yr b.p.)

Brios sandy loam 1 Torrifluvent late Holocene (< 5000 yr b.p.)

Brios loam 1 Torrifluvent late Holocene (< 5000 yr b.p.)

Carrizo gravelly sandy loam 1 Torriorthent late Holocene (< 5000 yr b.p.)

Casa Grande loam 3 Natrargid latest Pleistocene through middle Holocene

Estrella loam 2 Torrifluvent late Holocene (< 5000 yr b.p.)

Gilman fine sandy loam 1 Torrifluvent late Holocene (< 5000 yr b.p.)

Gilman loam 1 Torrifluvent late Holocene (< 5000 yr b.p.)

Glenbar loam 1 Torrifluvent late Holocene (< 5000 yr b.p.)

Glenbar clay loam 1 Torrifluvent late Holocene (< 5000 yr b.p.)

Gunsight-Rillito complex 3 Haplocalcid latest Pleistocene through middle Holocene

La Palma very fine sandy loam 4 Petrocalcid Pleistocene or older

Laveen sandy loam 3 Haplocalcid latest Pleistocene through middle Holocene

Laveen loam 3 Haplocalcid latest Pleistocene through middle Holocene

Laveen clay loam 3 Haplocalcid latest Pleistocene through middle Holocene

Maripo sandy loam 1 Torrifluvent late Holocene (< 5000 yr b.p.)

Mohall loam 3 Calciargid latest Pleistocene through middle Holocene

Mohall clay loam 3 Calciargid latest Pleistocene through middle Holocene

Momoli gravelly sandy loam 3 Haplocambid latest Pleistocene through middle Holocene

Perryville sandy loam 4 Petronodic haplocalcid relict basin fills

Perryville gravelly loam 4 Petronodic haplocalcid relict basin fills

Pinal loam 4 Haplodurid Pleistocene or older

Pinal-La Palma loams 4 Haplodurid-petrocalcid Pleistocene or older

Rillito sandy loam 3 Haplocalcid latest Pleistocene through middle Holocene

Rillito loam 3 Haplocalcid latest Pleistocene through middle Holocene

Rillito-Perryville complex 4 Haplocalcids primarily eroded relict basin fills on salt domes

Toltec loam 4 Haplocalcid latest Pleistocene through middle Holocene

Tremant loam 3 Calciargid latest Pleistocene through middle Holocene

Tremant clay loam 3 Calciargid latest Pleistocene through middle Holocene

Tremant gravelly loam 3 Calciargid latest Pleistocene through middle Holocene

Tremant-Rillito complex 3 Calciargid-haplocalcid latest Pleistocene through middle Holocene

Trix clay loam 2 Torrifluvent late Holocene (< 5000 yr b.p.)

Valencia sandy loam 3 Haplocambid latest Pleistocene through middle Holocene

Vecont loam 3 Haplargid latest Pleistocene through middle Holocene

Vecont clay 3 Haplargid latest Pleistocene through middle Holocene

Vint fine sandy loam 1 Torrifluvent late Holocene (< 5000 yr b.p.)
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Figure 138. Distribution of soil types and ages at the Last Ditch site (AZ U:5:33 [ASM]), middle–distal McDowell Mountains bajada.
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material (C horizons) dating to the Middle Archaic (Last Ditch Unit III). Interestingly, the Gilman series is 
also mapped extensively west of LAFB. Some of these Torrifluvents might also contain deposits that cor-
relate with Units III and IV (1380 cal b.c.–cal a.d. 1220) at the Luke Solar project area and Units I and II 
(1600 cal b.c.–cal a.d. 500) at Last Ditch. The buried paleosols in Category 2 represent relict land surfaces 
that primarily date to the late Pleistocene through the middle Holocene. Some of these buried soils likely 
correlate to the LR Formation (Btk soil horizon, 16,680–16,080 cal b.c.) and/or Unit I (weak Bk soil hori-
zon, 7040–5320 cal b.c.) at Luke Solar. The Category 3 mapping unit identifies areas where the late Pleis-
tocene–middle Holocene soils are located at or on the modern surface (late Holocene alluvium is thin) (see 
Figures 137 and 138). This mapping unit includes the Laveen soil series, the primary soil mapped across the 
Luke Solar project area. The Laveen series contains an over-thickened A horizon (Unit IIA, Luke Solar) over 
a Bw horizon (Unit II, Luke Solar). The Laveen A−Bw horizon sequence buries a Bk soil horizon, which at 
Luke Solar marks either Unit I or the LR Formation. Local soils that are similar (similar classification and 
soil horizon sequence) to the Laveen series include the Toltec, Valencia, Rillito, and Coolidge soil series. 
Finally, Category 4 marks areas where relict indurated soil horizons are situated within 100–150 cm of the 
modern surface. These primarily occur along the arc of relict uplifted landforms above the Luke Salt Body. 
These soils were not identified near the Last Ditch site. 

Analysis of county soil-survey data and geomorphic surface features visible in aerial imagery point to an 
abrupt shift in landform type and age in the vicinity of LAFB. This shift is directly related to a north–south 
trending arc of uplifted relict basin fills situated between LAFB and the Agua Fria River (Eaton et al. 1972) 
(see Figure 137). Along the western edge of this zone, alluvial-fan drainages flowing eastward toward the 
Agua Fria River either converge into narrow incised channels that continue through the uplifted landforms 
or are diverted to the south. One of these diverted drainages can be traced from just south of the Luke Solar 
project area all the way to the Gila River (Figure 139). Many of the soils along the western edge of the up-
lifted basin fills contain indurated/cemented horizons and retain some evidence for perched water tables (see 
Figure 137). Seasonally perched groundwater and probably ponded surface water along the western side of 
the uplifted arc very likely supported mesquite bosques and other culturally important plant communities. 
These communities would have expanded and contracted over time in response to long-term changes in 

Figure 139. Historical aerial photograph of eastern White Tank Mountains bajada south of LAFB 
showing diverted southward-flowing paleochannel.
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seasonal precipitation levels, which over the last 5,000–6,000 years appear to have been strongly controlled 
by ENSO climatic patterns (see Chapter 2).

At the Last Ditch site, uplifted landforms related to the rise of the Luke Salt Body are not present; how-
ever, relict calcium carbonate−cemented (petrocalcic) soil horizons are situated within a few meters of the 
modern surface (Phillips et al. 2001). Similar to the uplifted petrocalcic and duripan (cemented with silica) 
horizons in the vicinity of Luke Solar, these horizons are impermeable (or have very slow permeability) and 
have the potential to perch local groundwater. Also similar to the Luke Solar vicinity, this area of the Mc-
Dowell Mountains piedmont was actively aggrading during the Middle to Late Archaic. The Gilman soil 
series Torrifluvent at Last Ditch contained C horizons dating to the Middle Archaic, and it is expected that 
other areas mapped as the Gilman series in the immediate vicinity contain deposits of similar age. 

The geochronology of Luke Solar project area and Last Ditch site indicate a significant period of alluvial-
fan aggradation beginning around 3000 cal b.c. on the distal piedmonts surrounding the Phoenix Basin. Many 
of these fan deposits are mapped as Torrifluvents of the Antho, Avondale, Brios, Estrella, Glenbar, and Gilman 
soil series, and as Haplocalcids or Haplocambids of the Laveen, Rillito, Toltec, Valencia, and Coolidge series 
(see Table 105). Because actively aggrading alluvial fans appear to have been attractive locations for Archaic 
period settlement, buried Archaic period occupations (or older) are a distinct possibility in distal-bajada set-
tings that contain these soil types. Torrifluvents with gravelly parent materials (some Rillito and Momoli series 
soils), however, are less likely to contain buried cultural resources because they represent higher-energy depo-
sitional environments that are not favorable for preservation (see Table 105). In areas mapped as Haplocambids 
or Haplocalcids, buried occupations will likely be restricted to the upper 0.5–1.0 m (similar to Luke Solar); 
however, some Torrifluvents could contain buried archaeology at depths exceeding 2 m. 

In summary, widespread late Holocene fan aggradation has very likely had a strong influence on the vis-
ibility of Middle to Late Archaic period sites in the Phoenix Basin. In the vicinity of the Luke Solar project 
area, Category 1 and 2 soils, along with areas mapped as the Coolidge, Laveen, Rillito, Toltec, and Valencia 
series, are considered to have a high to very high potential for buried archaeological resources (see Figure 137). 
This is particularly true where these soils abut Category 4 soil types (soils with indurated/cemented horizons). 
The diverted channel that ultimately flows into the Gila River 11 km (6.8 miles) south of Luke Solar (see Fig-
ures 137 and 139) is also considered to be a very likely location for buried archaeological resources. 

Conclusion

The analysis and interpretations presented above highlight the importance of the Luke Solar project. The 
largest site investigated as part of the Luke Solar project, Falcon Landing, represents the most extensive 
Middle and Late Archaic period site known to date in the Phoenix Basin. Thousands of features identified 
at Falcon Landing point to a continuum of occupation, beginning around 3300 b.c. and lasting for nearly 
5,000 years. Falcon Landing represents a palimpsest of prehistoric occupation in a lower-bajada environ-
ment. Normally considered an undesirable location for occupation in the Sonoran Desert, the lower bajada 
is generally considered a poor resource zone. The lower-bajada landscape surrounding Falcon Landing, 
however, has a unique geologic setting that attracted prehistoric people for millennia. The presence of a 
perched water table and possible mesquite bosque immediately south of the site would have drawn foraging 
groups to this location for the abundant mesquite pods during the summer months. Also during the summer, 
monsoonal rains periodically deposited fine-grained sediments on the site that would have encouraged wild, 
edible seed-bearing plants such as cheno-ams and grasses. Traces of cottonwood and a possible cattail grain 
recovered from ground stone artifacts indicate groups maintained a close connection to a well-watered set-
ting, but it is not clear whether this location was the mesquite bosque located immediately south of LAFB or 
the Agua Fria River, located approximately 5 km east of Falcon Landing. The Agua Fria River was also the 
primary source of raw lithic material, an important resource for the inhabitants of Falcon Landing. Groups 
provisioned and cached grinding and pounding tools for long-term use, while mobile flake blanks, bifacial 
cores, and finished tools were manufactured on-site in anticipation of upland artiodactyl hunting. Residen-
tial groups during the Middle and Late Archaic periods likely occupied the site sporadically or occasionally 
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as different plants matured on the landscape and opportunistically hunted leporids at or near the site while 
engaged in plant procurement and processing. These activities are known to have been established at Falcon 
Landing by 3300 b.c. and show a remarkable stability over time. The record of occupation at Falcon Landing 
persists during several fundamental changes to subsistence, settlement, and technology witnessed elsewhere 
in the Phoenix Basin and the U.S. Southwest. For instance, the earliest evidence of the use of maize agri-
culture, around 2100 b.c., did not correspond to a measureable impact on the subsistence and technological 
patterns observed at Falcon Landing. Furthermore, the advent of the Hohokam archaeological culture, the 
adoption of a ceramic-container technology, the construction of a vast network of irrigation canals, and the 
change to settled village life throughout the Phoenix Basin resulted in no substantial changes to on-site ac-
tivities. The economically important traditions observed at Falcon Landing indicate a tremendously success-
ful aspect of a much larger and elaborate Native American land-use strategy that continues to be an integral 
aspect of Sonoran Desert cultures.
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