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The verticality created by the Grand Canyon’s extreme topography influenced human settlement in the region throughout the past 12,000 years.  The accuracy of the archaeological GIS of Grand Canyon National Park (GRCA) will be tested, and the potential of using the GRCA archaeological GIS to interpolate prehistoric and historic cultural landscapes will be examined.  Additionally, the effectiveness of non-intrusive, subsurface mapping of archaeological deposits employing ground-penetrating radar will be examined.  The long-term goal of this study is to answer the question: to what degree are/were human cultural adaptations, in terms of settlement systems, impacted by the Grand Canyon?

II. Background

A. Statement of Issue

The Grand Canyon is a World Heritage Site, one of a handful of such designated landmarks worldwide.  The larger landscape of which it is a part has inspired painters, writers, and bureaucratic visionaries for more than a century and half (Stegner 1954; Hughes 1978; Pyne 1998).  Its human history, of course, has been far less appreciated, perhaps because it is so difficult to grasp the presence of prehistoric peoples against the immense proportions of the landscape (Schwartz 1990).  A recent study by Sullivan et. al. (2002) hypothesizes a “cross-canyon” settlement model that incorporates prehistoric usage of all of the Canyon’s ecotones.  In this study I will begin to examine the potential for identifying prehistoric and historic cultural landscapes to determine how the distinctive environment of the Canyon influenced human cultural adaptations, in regards to landscape usage.  I will test the value of employing geospatial analyses, particularly geographic information system (GIS) modeling and ground penetrating radar (GPR) non-intrusive subsurface mapping, for deriving prehistoric and historic cultural landscapes.  Since the goal is to determine the affect of the Canyon’s unique topography on human cultural adaptations, the research obviously needs to be conducted in the Park.  However, the GRCA data will be combined with data from Kaibab National Forest (KNF) and the University of Cincinnati’s Upper Basin Archaeological Research Project (UBARP) to achieve a fuller understanding of cultural landscapes in the entire Grand Canyon Region.

B. Literature Summary

The study of landscape has increased during the past decade in both archaeology and ethnography (Rossignol and Wandsnider 1992, Hirsch and O’Hanlon 1995).  Ethnographically, the impact of culture on land usage, both economically and ideologically, has been examined (Bloch 1995, Humphrey 1995, Morphy 1995).  Archaeologically, some researchers have argued that landscape based units of analysis not the site are the most appropriate unit of observation for the discipline (Dunnell 1992, Sullivan et. al., in review).  How we define landscape and study it anthropologically (archaeologically, ethnographically, and linguistically) becomes an important question.  

One recent ethnographic definition contends that landscape consists of two parts: (1) the physical environment that we see and (2) the socio-cultural landscape produced by our interpretation of local practice (Hirsch and O’Hanlon 1995).   Moreover, it is argued that the socio-cultural landscape is fashioned by the cultural shaping of the natural environment.  Human geographer Carl Sauer contends, “The cultural landscape is fashioned from a natural landscape by a culture group.  Culture is the agent, the natural area is the medium, and the cultural landscape is the result” (Sauer 1963:343).  To define cultural landscapes archaeologically entails employing a landscape approach that would suppose “that the distribution of archaeological artifacts and features relative to elements of the landscape  (and not merely the spatial relationships among artifacts and features) provide insight into social and economic organization in the past” (Rossingol 1992: 4).  To fully construct and analyze the Grand Canyon’s cultural landscape both a larger regional examination and smaller household or “place” (Binford 1982) assessments should be conducted.

One of the foremost issues to be addressed in the examination of regional human landscapes is mobility.  Hitchcock and Bartram (1998) argue for two types of mobility, which they call (1) residential mobility and (2) logistical mobility.  They define residential mobility as “movement of an entire group, both producers and dependents from one point on the landscape to another” (Hitchcock and Bartram  1998:33).  This type of mobility describes the Havasupai’s seasonal movement from the floor of Havasu Canyon to the rim country of the Coconino Plateau (Schwartz 1990).  Conversely, they describe logistical mobility as “movement to and from a residential location by an individual or task-oriented group for purposes of obtaining matter, energy, or information” (Hitchcock and Bartram  1998:33).  An example of this type of mobility would be hunting parties going out to extract game.


The procedural question of how to uncover this mobility in the archeological record has been addressed by Susan Kent in her 1992 ethnoarchaeological study of Mesa Verde Pueblo II sites (prehistoric Anasazi sites).  She hypothesizes that “anticipated mobility –the length of time that people plan to occupy a camp- is significant predictor of site size, number and size of huts, number of features, and the presence of formal storage facilities such as slab- or clay-lined pits” (Kent 1992:637).  I will test Kent’s hypothesis to establish whether or not it can be applied to the Grand Canyon Anasazi and other puebloan groups such as the Cohonina that also inhabited the region.  These other puebloan groups had a more mobile existence similar to the Pai groups, particularly the Havasupai, than what is usually expected for the Anasazi and their dependent groups (Sullivan et. al. 2002).  Using nondestructive techniques such as ground penetrating radar and precision mapping of site features will revel information about sites size, number of features and storage facilities previously only recoverable by excavation.


In addition to examining the cultural landscapes created with regional archaeological data, I will analyze how individual households or places are organized.  I propose to compare and contrast both the larger regional usage of space, to the smaller household spatial arrangements.  It has been shown among other southwestern groups that the spatial layout of an individual household can mirror the spatial layout of the larger settlement.  For example, among the Navajo, the hogan (Navajo habitation structure) is replicated at larger scale arrangements of space (Witherspoon 1983).  

One approach to investigating micro cultural landscapes is through the study of architecture and site structure.  Studies in the Southwest US have determined that social complexity can be derived from architecture.  Kent argues “archaeologists are able to infer gross levels of complexity by defining architectural segmentation and activity areas as functionally restricted or multipurpose” (Kent 1990:150).  Further, Gilman (1987) states, “people who build their own houses make those structures fit the activities important in their daily lives” (Gilman 1987:538).  In her cross-cultural analysis of pithouses and structures she found “architecture in the form of pit structures, and to a lesser degree, pueblos, is more directly indicative of seasonality than some traditional measures” (Gilman 1987:560).  Therefore, one should be able to infer something about social complexity and mobility by investigating architecture and internal spatial organization within the architectural buildings. 

That people have used the Canyon for 4,000 years or more is indisputable (Euler 1983).  Moreover, as archaeological problems have matured over the years, it has become increasingly clear that great variation exists in how the canyon’s occupants took advantage of the canyon’s livelihood opportunities.  Southwestern US Puebloan ethnography has a historic and tenacious hold on interpretations of prehistoric subsistence in the Grand Canyon region of Arizona (Sullivan and Ruter, in press).  The prevailing dogma perceives the prehistoric puebloan groups, the Anasazi and Cohonina, principally as settled agriculturalist, similar to the modern pueblos that are dispersed throughout the present day southwest (Effland et. al. 1981; Rice et. al. 1980;Schwartz 1990; Schwartz, et. al. 1981).  The Mesoamerican trinity (maize, beans, and squash) is viewed as the primary food sources, and settlement in each of the Canyons ecozones is viewed separately and as distinct entities (Schwartz 1990).  Recent archaeological evidence from the Upper Basin, located within the eastern portion of the Grand Canyon’s south rim, has suggested a far different subsistence and settlement pattern.  Looking to Southwestern and Great Basin hunting and gathering groups such as the Paiutes, Havasupai and Western Shoshone, we have hypothesized a subsistence model that relies more heavily on wild resources, particularly the pinyon nut, rather than maize and unifies all of the Canyon’s ecozones (Sullivan 1986; 1987; 1992, 1996; Sullivan et. al. 2002). 

Sullivan et. al. (2002 and in preparation) found that the site concept was not useable in the Upper Basin of Kaibab National Forest due to the intensity of archaeological material scattered throughout the landscape. Alternatively, the unit of observation selected for recording variation about the Upper Basin’s surface archaeological record is called an MU, which are feature or artifact-cluster based units of analysis (Sullivan, et. al. 2002).  This project will test the possibility and effectiveness of using the MU unit of observation on the archaeological record at GRCA.   

C. Scope of Study

The focus of this project is twofold and related to developing relationships with GRCA archaeologists to test the effectiveness of two distinct methodologies for possible inclusion in my dissertation research: reconstructing cultural landscapes within the Grand Canyon region.  First, I will evaluate the usefulness of ground penetrating radar (GPR) subsurface mapping on Grand Canyon archaeological sites.  Conyers and Cameron (1998) developed a methodology for creating three-dimensional computer maps of pithouses in the southwestern United States, utilizing GPR.  They “discovered that the GPR method is extremely valuable for locating and mapping buried archaeological remains at Southwestern sites” (Conyers and Cameron 1998:418).  However, they also found that for GPR studies to be successful, knowledge of local soil, sediment matrices, geology and climatic conditions are essential.  The only way for me to gain practical knowledge of these local conditions and their influence on GPR is to field-test the equipment at GRCA.

This coming summer I have the opportunity to utilize a GPR unit, presently on long-term loan to his employer, on an archaeological site in Arizona.  A cooperative of GRCA and NAU is excavating a prehistoric Cohonina pithouse on the South Rim of the Grand Canyon, under the direction of Chris Downum of NAU and Alan Sullivan of the University of Cincinnati.  I have inquired of the project managers and been given permission to utilize the GPR machine on the pithouse, prior to excavation.  The comparison of the GPR signatures with the excavated site data will establish baseline data that can later be compared to sites investigated during my dissertation research.  As part of this project I will also use the GPR unit to geophysically survey a sample of previously recorded sites within GRCA and KNF.  GPR mapping provides a means for non-destructive investigation of archaeological sites, a requisite for working within western US national parks and forests.  The KNF data will be used along with the GRCA excavated pithouse data to determine the usefulness of GPR for interpreting buried cultural landscapes and to uncover any possible problems that may inhibit the usage of GPR in this region for archaeological analyses.


In addition to testing the effectiveness of GPR mapping in the Grand Canyon region, I will also explore the accuracy of GRCA database and GIS by examining the usefulness of non-site based precision mapping for reconstructing cultural landscapes.  I will acquire a sample of the GRCA archaeological site data to determine the feasibility of using it to relocate and re-record sites utilizing a precision mapping methodology, similar to the one used by Sullivan in the UBARP study area in KNF.  Utilizing global positioning systems (GPS) technology I will divide the existing GRCA sites into MUs, which are artifact cluster or feature based units of observation (Mink 1999).  This methodologically distinct technique is important because the unit of observation employed during survey has a profound effect on how the archaeological record’s extent and variability are characterized (Sullivan et. al., in review). KNF manages its portion of the project area as a single cultural landscape due to the density of archaeological material (John A. Hanson, Archaeologist Kaibab National Forest, personal communication).  Conversely, it is my understanding that the concentration of archaeological material in the GRCA portion of the project area is managed as distinct sites, in accordance with the Park’s present management policy.  Attempting to convert the existing site data into a prehistoric cultural landscape unit has not yet been attempted in GRCA.   However, if the density of archaeological material is similar to what is found in KNF, then the site unit of analysis and management will not be adequate for reconstructing cultural landscapes.  This project will develop a methodology for dissolving the GRCA sites into more appropriate units of analysis for interpolating cultural landscapes.  

Additionally, this project will test the accuracy of the site locations recorded by the park service and the ability to relocate sites utilizing their existing data.  Determining the accuracy of the GRCA GIS site locations is of paramount importance.  The geostatistical methods that will be used to model cultural landscapes are dependent upon the inclusion of correct spatial parameters for archaeological site locations.  

This project is significant for determining the effectiveness of ground penetrating radar and non-site archaeology in reconstructing cultural landscapes, the potential principal component my dissertation proposal.  The data acquired in this project can be later tied into work by other archaeologist in the area (Carothers and Brown 1991, Fairley et. al. 1994, Schwartz 1990, Sullivan 2000a, 2000b, and Sullivan et.al. 2002) and more broadly into settlement and landscape anthropology analyses in the Southwest (Adler 2002, Cordell 1998, Snead 2004).  It is imperative that I determine whether or not these methodological techniques are useful in modeling past cultural landscapes of the Grand Canyon region in order to move forward with his dissertation project.  I have an extraordinary opportunity this summer that will not exist in the future, to GPR a site within my study area that will then be excavated.  The excavation data will ground-truth the GPR data to determine whether the technique is useful for reconstructing buried cultural landscapes, as posited by Kvamme (2001).
D. Intended use of results

This project will allow me to create a stronger better-informed dissertation proposal and future dissertation-funding requests.  The results will be used to write an extensive research proposal for dissertation level investigations.   The results of the data analyses will also be used to argue for dissertation level funding from private institutions, such as the Canon Foundation or the Wenner-Gren Foundation, and from governmental agencies such as the National Science Foundation.  The data may also be used to publish articles in anthropological and archaeological peer-reviewed journals and to develop presentations for professional meetings

III. Objectives/Hypotheses to be tested

The objective of this study is twofold and addresses needs set forth by the GRCA “Needs for Cultural Sciences” (GRCA 1998).  First, the potential for using the existing GRCA GIS data to interpolate cultural landscapes (both prehistoric and historic) will be explored.  The accuracy of the GRCA site locations will be tested and a preliminary procedure for deriving cultural landscapes will be derived.  Secondly, the effectiveness of nonintrusive geophysical methods, particularly GPR, to map subsurface deposits will be analyzed.  

IV. Methods

A. Description of Study Area


The study areas for this project are in Desert View and the Village area on the South Rim of GRCA.  Neither area is managed as wilderness as described by the Wilderness Act of 1964.  Specific locations of the archaeological sites will be determined in consultation with the GRCA archaeologist.  Per the non-disclosure policies presented in Application Guidelines for Research and Collecting Permits (2002, pp. 21-22) these sites will not be listed here but can be reviewed by contacting the archaeologist in the Cultural Sciences Division of GRCA.  The sites to be mapped with GPR consist of a pithouse and patio house located in the South Rim Village area and possible kiva depressions in the Desert View area.  Sites locations that will be relocated, to ground-truth the accuracy of the GRCA archaeological site locations, will be all located in the Desert View area.

B. Procedures


The methodology described below will follow standard procedures described by Conyers and Cameron (1998)
for the GPR and Sullivan et. al. (2002 ) for the archaeological reconnaissance.  For the GPR portion of the study a grid created by placing fiberglass tape measure along the ground will be laid out.  The Ramac GPR CU II Geo System with a 500 MHz antenna will be wheeled back-and-forth across the grid every 50 centimeters to ensure adequate subsurface coverage (Conyers and Goodman 1997).  Since the goal of this study is to be unintrusive both archaeologically and in regards to natural resources, any trees or brush in the way will not be disturbed and instead will be worked around. These data will then be processed using the GPR Program Suite, principally the GPR_View and GPR_Process applications that were jointly created by Larry Conyers of the University of Denver and Jeff Lucius of the USGS.  These data will then be placed into the Surfer mapping program to create amplitude slice maps of various depths below the surface.


The GIS modeling portion of this study will begin with the critical step of  “ground truthing” the archaeological locational data (Mink 1999).  This will be accomplished by using the existing site coordinates recorded in the GRCA archaeological GIS to create waypoints in Trimble’s Pathfinder Office software.  These waypoints will be uploaded into a Trimble Pro-XRS GPS system and used to relocate the site.  A GPS point will be recorded for the site location using the “ranging method” of data collection, i.e., minimum of 200 positions collected and post processed with base data from within 300 miles away (Sullivan et. al. 1999).  Moreover, once the site is relocated and a GPS position of the site centerpoint is collected, separate GPS points will be taken on each of the distinct artifact clusters or features located at the site (i.e., MUs).  Recent work in the Upper Basin of KNF has shown that the site is not the most appropriate archaeological unit of observation for the Grand Canyon region.   The effectiveness of the MU, which has proven to be a more effectual unit of both observation and analysis in the region (Sullivan et. al., in review), will be tested on the archeological record of the GRCA.  The differentially corrected GPS data will be compared with the GRCA archaeological GIS data to determine the degree of difference between the two sets of data.  If the precision of the GRCA archaeological data falls within acceptable NPS GIS specifications (http://science.nature.nps.gov/im/gis/docs/GISSpec4.doc) and the USGS National Mapping Standards (http://mapping.usgs.gov/standards/) then GIS modeling will commence.  However, if the degree of difference between the data sets is outside of acceptable standards, either USGS standards or what would be considered acceptable for deriving archaeological models, then an appropriate methodology for correcting the errors would need to be developed.  Since any solution would be purely dependent upon the nature of the errors a methodological solution presented at this time would be speculative and not very useful.  If the data are useable they will be entered into ESRI’s ArcGis and the procedure outlined below in the Analysis section will be followed to interpolate cultural landscapes. 

C. Collections

No material remains or specimens will be collected.  Geographic coordinates captured using a Trimble Pro-XRS GPS system will be collected at each site.  Additionally, electronic sub-surface radar data will be collected for a sampling of sites using a Ramac GPR CU II Geo System with a 500 MHz antenna.  No additional state or federal permits are required to collect this electronic data.   

D. Analysis

GIS has primarily been used in archaeology as either a management tool (at the local, state and federal levels) to store the locations of archaeological sites (Kvamme 1995, Mink, et. al., in review) or as tool to model the potential location of undiscovered sites (Westcott and Brandon 2000, Judge and Sebastian 1988).  Attempting to fully model regional level cultural landscapes, an important task (Snead 2004), has never been completed.  Portions of cultural landscape such as viewsheds (Madry and Rakos 1996, Wheatley 1995), habitation densities (Allen 1996 and Meffert 1995), and ideological mapping (Dillehay 1990 and Ruggles and Medyckyj-Scott 1996) have been accomplished but only separately and without the combination of all of the results into a larger regional landscape.  In this preliminary project, the forerunner of the my dissertation project, the statistical techniques of exploratory data analysis (EDA) and geostatistical methods such as inverses distance weighting, global polynomial interpolation, local polynomial interpolation, radial basis functions, kriging, and cokriging will be utilized to determine the most appropriate methodology for interpolating cultural landscapes.  Since the data for this pilot project are limited to a sampling of sites in two small regions of GRCA the results will be preliminary and the definition of the most appropriate geostatistical methodology for interpolating cultural landscapes is the objective.  

E. Schedule


The schedule for this project will contain both a field component and a laboratory analysis phase.  The approximate starting date for the project is June 15, 2004, which will begin with the commencement of fieldwork at GRCA.  The fieldwork will last no more than a month.  The analysis of the data will be undertaken in fall 2004 and spring 2005 at the University of Kentucky’s Archaeological GIS Laboratory in Lexington Kentucky.  Then within the time frame of late spring or early summer 2005 a report of the findings and my dissertation proposal will be completed.  

F. Budget

The budget (listed below) for this project is minimal and primarily consists of lodging and travel.  There are three funding sources for the project: (1) the Susan-Abbott Jamieson Pre-Dissertation Grant a competitive grant awarded to pre ABD graduate students by the University of Kentucky, Department of Anthropology ($1200.00), (2) Graduate Student Student Research Grant from the University of Kentucky, Graduate School ($800.00), (3) and from my personal finances ($727.00).  

Itemized Budget

Mileage: 

To GRCA from Lexington KY: 1795miles * 0.32/mile = 

562.88

To Lexington KY from GRCA: 1795miles * 0.32/mile=

562.88


In Field Driving: 60miles/day * 15 field days * 0.32/miles=

288.00

Lodging:

21 nights at 50.00/night





588.00

Meals:

21days at 25.00/day






525.00


Other:

Materials and supplies 





200.00



(film, tape, sharpies, plastic flags, stakes, string, 

graph paper, photo development, batteries, etc) 


Total








2726.76

V. Products

A. Publications and reports


A variety of publications will be produced as a result of this proposal.  Including a report on the project for the archaeologist of GRCA, if they so desire.  Additionally, a small report is required by the University of Kentucky, Department of Anthropology to account for the impact of the Susan Abbot Jamieson Award on providing data for the development of my dissertation proposal.  The study will also be an integral portion of my dissertation research proposal.  Furthermore, a paper may be presented at an archaeological conference such as the Society of American Archaeology and an article for a peer -reviewed literature may also be submitted.  

B. Collections

Not applicable, as no material other than electronic data is being collected.

C. Data and other materials


GPS, GPR, and GIS data will be created as part of this project and submitted to the GRCA.  The GPS data will consist of both the raw Trimble SSF files and base station files along with the corrected (COR) data files.  The GIS data will be provided as ESRI Arcview shapefiles and will contain the relocated archaeological sites, in the coordinate system and datum specified by park personnel.  The cultural landscapes coverages will be presented as ArcGrids, once again in the coordinate system and datum specified by GRCA.  The raw data from the Ramac GPR unit RD3 files will be provided along with the Surfer Grid files created when producing the amplitude slice maps.  These data along with accompanying metadata will be burned onto a CD-R and presented to the GRCA archaeologist at the completion of the project.
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VIII Supporting Documentation and Special Concerns

A. Safety


There are no known potentially hazardous activities associated with this project.  The only potential hazards during this project are ones that would be expected for any archaeological fieldwork in the southwest.  Principally, the dangers would be related to dehydration, poisonous animals and insects, and hiking over rough and uneven terrain.

B. Access to study sites


Access to study sites will be by walking to the archaeological sites.  The frequency of travel will be daily during the length of the field season.  

C. Use of mechanized equipment


No mechanized equipment will be used or cached in the field.  However, a Trimble Pro-XRS GPS system and Ramac GPR CU II Geo System with a 500 MHz antenna will be utilized to acquire geographical coordinates and geophysical data.

D. Chemical Use


No chemical or hazardous materials will be employed in this study.

E. Ground Disturbance


Since the major purpose of this project is to examine the usefulness of non-intrusive subsurface methodologies for examining archaeological remains minimal ground disturbance will be undertaken.  The only ground disturbance will be the temporary placing of pin flags into the ground surface when re-recording the sites or in marking potential features observed during the GPR process.  These flags will be removed after the site has been recorded and ground disturbance will be negligible.
F. Animal Welfare

This study does not include any animals, so no animals will be impacted by it. 

G. NPS Assistance

NPS assistance for this project is nominal and consists of providing a portion of the archaeological data to me, and a brief meeting with a member of the archaeological and GIS staff of GRCA.  Site locations will need to be extracted from the GRCA archaeological GIS and provided along with any pertinent metadata.  I routinely perform this task for Section 106 contractor’s access to the Kentucky Archaeological GIS and estimates that the extraction of the GIS data for this project would probably take no more that an hour of the archaeologist time.  Additionally, I would like to arrange a brief (half-hour) meeting with one of the GIS staff to determine what other non-archaeological GIS data GRCA could provide that would be useful for reconstructing prehistoric cultural landscapes, e.g., trail data, hypsographic data, hydrographic data, etc.   

H. Wilderness “minimum requirement” protocols


Neither of the study areas for this project (South Rim Village and Desert View) is considered wilderness areas by GRCA.  However, the minimum tool requirement will still be observed.  
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