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ABSTRACT 

Proximity to a water source has been a consistent environmental variable used in 

predictive modeling of archeological site locations. Currently, there is limited research 

that has been done to quantify the relationship between water sources and 

archeological site locations. The Sand Hollow area, located in Southern Utah, has had 

many modern construction projects consisting of roadway expansions, a reservoir, and 

golf courses. These projects required compliance with Section 106 consisting of 

mitigation measures using archeological excavation. With these required excavations, 

the Sand Hollow area provides a robust dataset of archeological sites. Thus, the Sand 

Hollow area is used as a case study to research if there is a correlation between 

hydrologic features and archeological sites using GIS. Sand Hollow reservoir was 

constructed in June 2000. A Digital Elevation Model (DEM) was downloaded from 

February 2000 to remove impacts from modern construction of the reservoir on the 

derived hydrologic features.  To quantify the relationship between archeological sites 

and hydrologic features, buffer zones at 100, 200, 300, 400, 500, and >500 meters from 

hydrologic features are created. The chi-squared test is used to compare the observed 

to the expected relationship between archeological sites and hydrologic features. 

Through these methods, archeological sites were found to have a significant 

relationship to hydrologic features within the study area. The archeological dataset from 

Shifting Sands is divided into three time periods of Archaic, Anasazi, and Late 

Prehistoric. Using the chi-squared test, the Anasazi period has the most significant 

relationship to hydrologic features.  

Keywords: Archeology, Hydrology, Predictive Modeling, Environmental Variable, Chi-
Squared Test 
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ETHICS STATEMENT 

Geographic Information System (GIS) represents a powerful tool in the digital 

age. GIS has multiple roles within today’s society and has become a prominent tool in 

archeological investigations. When dealing with the use and creation of data, certain 

responsibilities are expected. As a GIS professional care must be maintained about 

sharing information with the public, providing quality work, and being cognizant of data 

use. When working in the capacity of a GIS professional, data and products should 

have associated information such as citations to aid in the dissemination, protection, 

and respect for other’s work. GIS professionals are also data stewards and need to be 

conscious of the creation and storing of data. Through upholding a set of standards, the 

GIS professional can be an important part of a community that provides necessary 

information and perspective on many of today’s topics.  

Sensitive data comes with an additional set of obligations to follow as a GIS 

professional. A large percentage of archeological data is sensitive and is limited in the 

ability to be disseminated to the public. This comes from archeological locational data 

posing a risk to sites due to longstanding issues of vandalism, looting, and graffiti. To 

utilize and publish sensitive archeological data, multiple steps must be completed 

through contacting specific parties such as the State Historic Preservation Office 

(SHPO) and associated tribes to consult on the use of the data. To ensure that ethical 

data standards were followed for this study, a dataset was digitized from a publicly 

available report that has been published by a university press. No sensitive data was 

utilized in the analysis for this study. Tools to complete the analysis within the paper 

were created to be utilized by future researchers, firms, and other interested parties. 

The analysis can be repeated on sensitive data while protecting the data from public 
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dissemination without consent. All associated reports, data, tools, and software have 

been cited within the report to respect and support the communities who this work will 

impact. 
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CHAPTER 1 
INTRODUCTION 

In general, archeological site location is based on environmental factors. 

Intrinsically, humans choose locations based on proximity of resources such as water 

and food (Breeze et al., 2015; Dunn, 2012). Predictive modeling using GIS has been 

gaining popularity in archeology to facilitate management decisions and to provide focus 

areas for archeological study (Kohler & Parker, 1986; Nicu et al., 2019).  

One of the key environmental variables utilized in the creation of archeological 

predictive models is proximity to water (Kohler & Parker, 1986; Williams, n.d.). This is 

an assumption made in archeological analysis of site location throughout many studies 

(David Ebert, 2004; Kohler & Parker, 1986; Kuiper & Wescott, 1999; Nicu et al., 2019). 

In the literature, there is a lack of research done to quantify the relationship between 

water and site location. The goal of this study was to understand and quantify the 

relationship between water and site location and if the relationship changes dependent 

on the time period using the Sand Hollow area in Southern Utah as a case study.  

Study Area 
 

Sand Hollow is located in the St. George Basin in Southern Utah. Sand Hollow 

has had multiple archeological excavations and surveys that have occurred within the 

area due to modern infrastructure projects. The archeology of the Sand Hollow area 

indicates long term use by humans through various time periods(Talbot & Richens, 

2009). Therefore, Sand Hollow provides an opportunity to study whether there is a 

correlation between hydrologic features and archeological site locations. 
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Environmental Context 

The St. George Basin occurs at the confluence of three physiographic regions: 

the Great Basin, the Colorado Plateau, and the Mojave Desert (Talbot & Richens, 2009; 

Winslow et al., 2010). Sand Hollow is bordered by the Hurricane Cliffs to the east, Sand 

Mountain to the north, Pine Valley Mountains to the west, and the Virgin Anticline to the 

south (Figure  1-1). Sand Hollow Draw, an ephemeral wash, is located to the south of 

Sand Hollow and drains into the Virgin River (Talbot & Richens, 2009; Winslow et al., 

2010). Due to being between landscape types, the St. George Basin has variable 

weather which affects the type of hydrologic features located within the area. 

 Hydrology of the Sand Hollow basin is driven by episodic rain that occurs during 

specific seasons (B. V. M. Heilweil et al., 2002). Because Sand Hollow is located on the 

northeastern edge of the Mojave and has influences from the other physiographic 

regions, over half of the precipitation in the area occurs between November and March 

and another third in August through October (B. V. M. Heilweil et al., 2002; Talbot & 

Richens, 2009). The other portions of the year are extremely dry and receive relatively 

little precipitation (B. V. M. Heilweil et al., 2002).  

 Sand Hollow has minor topographic relief compared to the surrounding 

landscape. Thus, the ephemeral wash located in the southern region of the basin drains 

from the higher elevation to the Virgin River located at the base of Sand Hollow (B. V. 

M. Heilweil et al., 2002; Talbot & Richens, 2009; Winslow et al., 2010). Sand hollow is 

part of the Virgin River drainage basin which is a portion of the Lower Colorado River 

Basin (V. M. Heilweil et al., 2005). The hydrologic features within Sand Hollow are all 

ephemeral and only flow during major rain events (B. V. M. Heilweil et al., 2002).  
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Figure 1-1. Sand Hollow project area 
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Sand dunes affect the hydrologic conditions because of their different infiltration 

rate of water compared to other soils. Water in heavy rainstorms will run down 

differential water ways such as drainages because the amount of water exceeds the 

infiltration rate (B. V. M. Heilweil et al., 2002). The high density of sites within the sand 

dunes could be attributed to the location of the drainages. Prevalence of sites could also 

be due to the deflation of the sand dunes which exposes the cultural materials 

(Goldberg & Macphail, 2006; Talbot & Richens, 2009).  

Archeological Context 

 Multiple modern development projects have been undertaken within the Sand 

Hollow area. Prior to construction, cultural resource investigations occur due to Section 

106 of the National Historic Preservation Act (NHPA). As part of the section 106 

compliance process, multiple large scale excavation projects have been undertaken to 

remove in context cultural material before ground disturbance in Sand Hollow 

(Sebastian, 2020). A few key projects that occurred in Sand Hollow are the construction 

of Sand Hollow Reservoir, water pipeline construction, resort construction, and road 

expansion. Because of the extent of data recovery done for modern construction 

projects within Sand Hollow, the size of the cultural resource dataset provides an 

opportunity to draw conclusions about patterns of archeological sites on the landscape 

compared to hydrologic features.   

 These archeological investigations have provided information on the occupations 

of Sand Hollow in the past. For the purpose of this study, the occupations will be 

categorized into three time periods: Archaic, Anasazi, and Late Prehistoric. These 

categories were previously defined by Talbot and Richens in Shifting Sands (Figure     
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1-2). Due to digitizing data from this report to follow sensitive data restrictions, these 

categories were utilized for the age framework of the archeological sites.  

Archaic (ca. 7000-300 B.C.) 

The oldest occupation identified during excavations for the Shifting Sands study 

was from the Archaic period. Archeological excavation indicates that Archaic groups 

seasonally utilized the resources found in Sand Hollow. Signatures of seasonal use 

during the Archaic period are common throughout the Southern Great Basin and 

Northern Colorado Plateau which are two regions of influence within the area (Talbot & 

Richens, 2009; Winslow et al., 2010).  

Evidence of archaic occupation varies widely with minimal evidence during the 

Early and Middle archaic. The Late Archaic has evidence of residential occupation 

within certain areas which marks a significant increase in occupational use of the Sand 

Hollow basin during this time period. No specific indicators such as evidence of farming 

were identified that would directly relate the residential sites to the riverine environment 

(Talbot & Richens, 2009). During this time period, food procurement was mainly based 

on a seasonal, mixed forager-collector strategy (Talbot & Richens, 2009). Compared to 

later time period residents such as the Anasazi, the residents during the Archaic were 

more mobile throughout the area (Talbot & Richens, 2009). Due to mobility, occupations 

during the Archaic time period would not need to be located near a year around water 

source, but could instead be located near a seasonal drainage that would have water 

during the monsoon season (Talbot & Richens, 2009).  
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Figure 1-2. Archeological sites categorized by time period in the study area 
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Anasazi (ca. 300 B.C. – 1250 A.D.) 

Anasazi occupations are common within this region. The Anasazi occupations 

are associated with the use of agriculture and some hunting and gathering within the 

region of occupation. A specific subgroup identified in the archeology of the region was 

named Virgin Anasazi because of certain characteristics that are unique to the 

archeological materials identified in the area of the Virgin River.  

Virgin Anasazi located in the area were inferred as sedentary farmers from 

archeological evidence. Water is necessary to facilitate horticulture within the arid 

environment of the Sand Hollow area. Residential based archeological sites were 

located near rivers (Medeiros & Bernatchez, 2014; Talbot & Richens, 2009). Many of 

these sites are located in the Hurricane basin which encompasses Sand Hollow. The 

archeological record within Sand Hollow still shows evidence of the Virgin Anasazi 

utilizing the resources and possibly setting up small field camps. Though, the densest 

population during this time seems to be centered around the river with surrounding 

areas used for exploitation of resources (Talbot & Richens, 2009).    

Late Prehistoric (ca. 1200 A.D. – 1850s)  

  The Late Prehistoric period occupation consists of the Southern Paiute. From 

ethnohistoric records and the archeological data, the Southern Paiute in the area were 

known as horticulturists along with doing some hunting and foraging. Much of the 

occupation within the area was relatively sedentary. Main components of agricultural 

practice were found at Quail Creek to the Northwest of Sand Hollow. Other locations 

within the project area had less suitable conditions. The Southern Paiute occupation is 

less intensive around the Virgin River compared to the Virgin Anasazi.  
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The lack of data from this time period could have possibly been affected by dune 

deflation. Talbot and Richen state that further research is needed to understand the 

Late Prehistoric occupation within Sand Hollow. Further research has been undertaken 

due to more recent modern development projects. Though, the current data is sensitive 

and restricted for use.  

Assumptions  

For the purpose of the study, three time periods will be identified and compared 

to hydrologic features. By choosing three time periods, Archeological site age is 

assumed to be within three different time constraints. Because humans move 

throughout the landscape and the archeological record only preserves a portion of this 

movement, this assumption is flawed, but will be utilized in this context to provide a 

structure to the statistical analysis undertaken in this study. Within the discipline of 

archeology, assumed time period blocks are commonly utilized due to commonalities 

found within those constrained time periods.  

 Another assumption made when using the archeological data is that the data 

provides a complete picture of the occupation within the area. The archeological record 

inherently has gaps, biased data, and the need for more research. Archeological data in 

Sand Hollow is biased because location of research investigations is being driven by 

modern development projects. Thus, an incomplete picture of the archeology in the area 

is created by having none or minimal research done outside of modern development 

project areas.   

 An environmental assumption made for the study is that hydrologic features have 

been relatively stable overtime. From paleoclimatic studies and information obtained 

prior to the building of the Sand Hollow reservoir, the climate is highly variable and is 
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driven by localized conditions due to the confluence of three physiographic regions. 

Thus, hydrologic features do experience changes seasonally including flooding which 

causes increased erosion. Due to utilizing modern digital elevation model from 2000, 

hydrologic conditions were assumed to have been similar in the past. The hydrology 

within the area has undergone some changes overtime, but the same general patterns 

persist within the arid landscape of Sand Hollow (Dalley & Mcfadden, 1985; V. M. 

Heilweil et al., 2005; Medeiros & Bernatchez, 2014; Talbot & Richens, 2009; Winslow et 

al., 2010).  

 When utilizing the chi-squared test to quantify the relationship between 

archeological sites and hydrologic features, an assumption is made that the 

archeological site dataset is a statistically relevant sample that represents the 

probability of site location and distribution of site type across the landscape. As 

mentioned previously, the archeological record is inherently biased and is dependent on 

the work that has been done within an area. Thus, the chi-squared test only quantifies 

the relationship between the known sites and ages found within the study area. The 

statistical test is limited in analyzing the dependence of archeological site location on 

hydrologic features and can only observe if there is a statistically relevant influence of 

hydrologic features on site location.   

Sensitivity Restrictions 

Due to sensitive data restrictions, the dataset utilized in this study comes from a 

published report from investigations undertaken prior to the building of Sand Hollow 

Reservoir. Other data from reports is restricted and would need to go through review 

and release prior to use in a study of the area. The decision was made to utilize the 

dataset publicly available. Newer datasets and investigations would provide more 
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information to the study and could be added at a later date after the review process is 

completed for the use of the data.  

By utilizing the data from the publicly available report, the data type and 

description is driven by the authors of the study. This includes the archeological site 

time period categorization. A newer, comprehensive dataset from other studies could 

affect the outcome of the study. Though, the dataset digitized from the report includes 

other identified sites in the area that were found during other investigations. Not all of 

the sites digitized have undergone excavation. These archeological sites could have 

more than one occupational time period. This is possibly not well understood due to the 

lack of subsurface testing or excavation that has been undertaken at these sites.  
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CHAPTER 2 
DATA AND METHODS 

Analysis of the relationship between archeological sites and hydrologic features 

was done by comparing archeological site location to hydrologic features derived from a 

Digital Elevation Model (DEM). The relationship between site location and hydrologic 

features was quantified by the chi-squared test.  

Data 
 

Data for the study consists of a Digital Elevation Model (DEM) and approximate 

archeological site locations. The DEM was utilized to identify hydrologic features within 

the Sand Hollow landscape. Archeological site information was recorded during the 

study published in Shifting Sands that was done for Section 106 compliance prior to the 

building of the Sand Hollow Reservoir. The archeological site data is broken into three 

time periods that were used in Shifting Sands to analyze changes overtime.  

Digital Elevation Model (DEM) 

The Digital Elevation Model (DEM) was downloaded from EarthExplorer (Table 

2-1; Figure 2-1; Figure 2-2). Sand Hollow Reservoir was built in 2000 to store water for 

the St. George area. Thus, the DEM downloaded was taken prior to 2000 to remove any 

changes in hydrologic features due to the building of the Sand Hollow Reservoir. The 

distribution of the SRTM 37N 114W Digital Elevation Model (DEM) is a gaussian normal 

distribution. Both the median and the mean are almost identical for the dataset. No 

areas within the remotely sensed image had anomalies that were attributed as no data.  
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SRTM 37N, 114W 

Table 2-1. Metadata for SRTM 37N, 114W 

Official name of data set SRTM1N37W114V3 

Year of acquisition 2000-02-11 

Year of publication and/or last 
update 

2014-09-23 

Author and/or owner U.S. Geological Society 

URL or FTP address of the 
repository 

https://earthexplorer.usgs.gov/ 

Description Digital Elevation Model (DEM) of Southern Utah 
that includes the Sand Hollow study area.  

Coordinate system WGS 1984, D WGS 1984, EGM96 Geoid, 4326 
Geodesic model, horizontal datum, vertical datum, 
EPSG code. 

Projection system WGS 1984 

Spatial resolution 1 arc-second 

Type of geometry Not applicable 

 

 

 

 

Figure 2-1. Histogram of data distribution for DEM 
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Figure 2-2. SRTM 37N 114W 2000-02-11 
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Archeological Site Location Data 

 Due to sensitivity restrictions, archeological site data was obtained through 

digitizing site information data from maps within the publicly available report, Shifting 

Sands (Figure 2-3). The site data was placed into three different time period categories 

of Archaic, Anasazi, and Late Prehistoric. The data was digitized keeping these three 

categories to study whether there are differences in the relationship between 

archeological site locations of different time periods and hydrologic features.  

 The archeological sites are represented by points in the general area of the site 

location. The sensitivity of the site location was protected by digitizing and using general 

locational data (Smith, 2020). Further precautions were taken by not including data from 

recent investigations and limiting the dataset to already published data.  

 To facilitate the use of the chi-squared test, a statistically relevant sample is 

needed for the analysis. Thus, the digitized site layer was expanded beyond the limits of 

Sand Hollow and includes other areas located within the Virgin River Watershed. Sand 

Hollow is considered part of the Virgin River Watershed (V. M. Heilweil et al., 2005). A 

total of 155 general site locations are included in the digitized feature class (Table 1-2). 

The Shifting Sands project area has 155 site locations with 28 sites located within Sand 

Hollow.  

Table 2-2. Archeological site totals for the study area and the project area of Sand 
Hollow used in Shifting Sands 

 

  Archeology Sites (TOTAL) Archaic Anasazi Late Prehistoric 

Study Area 155 25 109 21 

Sand Hollow 28 17 4 7 

 



 

27 

 

Figure 2-3. Archeological sites dataset digitized from Shifting Sands 
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Methods 

Two main workflows were used to analyze the relationship between 

archeological site locations and hydrologic features. The first workflow was to utilize the 

hydrologic toolset in ArcGIS Pro to identify hydrologic features within a Digital Elevation 

Model (DEM) (Figure 2-4). A similar method for the analysis of hydrologic features to 

study paleohydrology was done by Breeze et al. 2015. DEM data is used frequently to 

identify channel networks (Tarboton et al., 1991). The second workflow used chi 

squared to quantify the relationship between archeological site locations and hydrologic 

features (Love, n.d.)(Figure 2-4).  

 

 

 

Figure 2-4. Schematic of workflow to analyze the relationship between archeological 
sites and hydrologic features. 

Chi-Squared Test

Analyze results for relationship between hydrologic features and archeology site locations

Preparation for Chi-Squared Test

Buffer hydrologic features at 100, 200, 
300, 400, 500, and greater than 500 

meters

Utilize the Summarize Incident tool to 
calculate site numbers within buffer 

zones

Utilize Excel spreadsheets to calculate 
chi-squared test

Hydrologic Feature Analysis 

Analyze DEM for sinks and fill Flow direction and flow accumulation Stream Network Analysis

Download Digital Elevation Model (DEM)

Clip DEM for study area



 

29 

Hydrologic Features 

The hydrologic features were identified using a DEM and analyzing the raster 

using the hydrologic toolset in ArcGIS Pro (Esri Inc., 2021b).  

Data Retrieval 

The USGS website, EarthExplorer, was used to retrieve the DEM. The DEM was 

downloaded from Earth explorer by going to https://earthexplorer.usgs.gov/ and 4 points 

were dropped around the study area. Under datasets, the Digital elevation option and 

then the SRTM option was expanded. For products listed under SRTM, the SRTM 1 

Arc-Second Global was chosen. SRTM1N37W114V3 was selected from the search 

results. This specific DEM was created prior to the building of the Sand Hollow 

Reservoir. For the hydrologic modeling of the area, not having the modern Sand Hollow 

reservoir is important because the reservoir and modern development of the area 

changes the hydrology of the study area. 

Identifying Hydrologic Features using ModelBuilder 

For efficiency of the workflow and providing a base for future studies, 

ModelBuilder is utilized to identify the hydrologic features in the Sand Hollow area (Esri 

Inc., 2021; Figure 2-5; Figure 2-6; Figure 2-7). Through using ModelBuilder, a tool was 

created that can be utilized by others who are not as familiar with the ArcGIS Pro 

interface. The analysis is available as a tool to archeologists who are interested in 

quantifying relationships between archeological sites and hydrologic features within a 

study area. 
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As preparation for using ModelBuilder, the SRTM 37N 114W DEM was added to 

the map interface. ModelBuilder was opened in ArcGIS Pro and the DEM was added to 

the model. Copy Raster was used first to change the format of the DEM to an Esri grid. 

The output DEM was then clipped to include only the study area. A clip shapefile was 

created, and a polygon was drawn around the area to determine extents for the clip 

raster tool. A raster attribute table was built using the Build Raster Attribute Table tool in 

preparation for Sink analysis. Flow direction to test the area for sinks was then 

calculated using the Flow Direction tool. D8 was used as the flow direction type. After 

the calculation of flow direction, the sink tool was used to view locations and number of 

sinks in the study area. Sinks were found in the study area including artifacts within the 

imagery. Thus, the fill tool was used on the original DEM to correct for the sinks that 

were included in the DEM.  

Once a corrected DEM was created, the flow direction tool was run again using 

the D8 type. The flow direction output for the corrected DEM was used for the 

calculation of flow accumulation across a surface. Using the flow accumulation tool, the 

flow accumulation across the study area was calculated using D8 for the type. To 

simplify the hydrologic model for analysis of the relationship between hydrologic 

features and archaeology sites, a threshold was put in place using the Con tool. Two 

different threshold values, 200 and 500, were tested. The threshold chosen for the 

purpose of this study was 500 to limit the number of hydrologic features by having a 

larger initiation threshold value for stream network analysis. 
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Figure 2-5. Analyze DEM for sinks and fill step of the model from ModelBuilder for hydrologic feature analysis 
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Figure 2-6. Flow direction and accumulation step of the model from ModelBuilder for hydrologic feature analysis 
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Figure 2-7. Stream network analysis step of the model from ModelBuilder for Hydrologic feature analysis 
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After applying the threshold, the Stream Order tool was run for both the Strahler 

method and the Shreve method. The stream network tool identifies areas where water 

has the path of least resistance for flow on the surface. Higher order streams in the 

network were chosen with values of 5 through 9 due to identifying features that had 

greater capacity for water flow. Both methods describe different aspects of stream 

order. Strahler focuses on the order of the streams and branches and does not have 

any effect on the main stream ordering (Bierman & Montgomery, 2014). Shreve focuses 

on magnitude of the stream system. When a tributary or branch is added to the main 

stream, the order of the main stream increases (Bierman & Montgomery, 2014). Both 

the Strahler and the Shreve contribute different perspectives on the hydrology of the 

Sand Hollow study area. After running the Stream Order tools, the Stream to Feature 

tool was used to convert raster data to vector data for analysis. 

After converting the raster data to vector data, the selected by attribute tool was 

used to query the layer for the higher order streams of five through nine. The selected 

higher order streams were then exported into new feature classes. The Shreve and 

Strahler feature class results were compared, and no differences were observed 

between the feature classes. Due to no differences between the feature classes, the 

Strahler feature class was utilized within the Chi Squared Statistic Test workflow.  

Chi-Squared Test  

 
A model was created in ModelBuilder to provide a tool to utilize for future studies 

(Figure 2-8). The following is a description of the steps contained within the model to 

create the input data for the chi-squared test that was completed using excel.  
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Figure 2-8. Workflow in ModelBuilder to prepare data for the chi-squared test 
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Buffer of Hydrologic Features 

The first step in completing the chi-squared test for the data was to buffer the 

hydrologic features created by the hydrologic feature workflow. A set of five categories 

were created by buffering the hydrologic features. These categories were 100m, 200m, 

300m, 400m, and 500m. Some archeological predictive modeling studies have specified 

that generally archeological sites occur within 300 meters of a water source (Anderson 

et al., 2003; Eightmile River Wild and Scenic Study Committee, 2005). Therefore, the 

buffer categories were identified with buffer zones above and below 300 meters to study 

the general observation and assumption. The Multiple Ring buffer tool was run using the 

hydrologic feature dataset as the input and the set of five categories listed above for the 

buffer zones. After buffering the hydrologic features, the buffer was used to erase the 

portion of the study area that was covered by the categorized buffer zones. The study 

area after the erase was then merged with the buffer to create a sixth category of 

greater than 500m.  

Data Preparation for Chi-Squared Test 

Approximate locations of archeological sites were digitized from the Shifting 

Sands report. The archeological sites were digitized into three time period categories of 

Archaic, Anasazi, and Late Prehistoric. Within the model, the three time period feature 

classes were merged using the merge tool to create a complete archeology site dataset. 

A total of 155 approximate site locations were utilized within the study. Utilizing the 

archeology site feature class, the minimum bounding geometry tool was run to find the 

smallest area that encompasses all the archeology sites. The minimum bounding tool 

was used to create this tight area surrounding the archeology sites to identify the 
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relevant area for the statistics. The area fraction was utilized with the chi-squared Test 

due to the possibility of additional area affecting the test.  

After running the minimum bounding tool, the output was used to clip the 

buffered hydrologic layer. Both inputs, the archeology site boundary layer and the 

hydrologic layer, were ready to analyze for number of sites within the specified distance 

buffer from the hydrologic features. The summarize incident tool from the Crime 

Analysis and Safety toolbox was used for all four archeological site layers to calculate 

site counts per buffer zone. The tool was normally utilized for crime analysis to 

investigate crime patterns. The summarize incident count tool counts the number of 

point features within the polygon feature. Therefore, the tool counted the number of 

archeological sites per buffered distance zone from the hydrologic feature. The output 

from the tool was used to populate the excel table to calculate the chi-squared test. The 

tool was run for the archeology sites layer, Archaic sites layer, Anasazi sites layer, and 

Late Prehistoric sites layer. A new layer was created for each category and included a 

count field in the attribute table.   

Chi-Squared Test using Excel 

Microsoft Excel was utilized in this study to complete the chi-squared test to 

quantify the relationship between archeological sites and hydrologic features (Microsoft 

Office 365, 2019). Six different worksheets were included within the spreadsheet to 

complete calculations for the chi-squared test. The first workbook entitled Area 

Fractions was populated with the output from the hydrologic layer. Within the attribute 

table of the hydrologic layer, a field for shape area was included and had the area of 

each buffer zone. The area was converted to square kilometers for ease of calculation. 
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The area fraction was then calculated using the buffer area in square kilometers divided 

by the total area (Table 2-3). The overall area fraction should equal one. 

   Table 2-3. Calculation of the Area fraction, Af 

 

The second workbook was labeled Arch Sites and included the counts for each 

buffer range for total archeology sites and the three different time period categories of 

Archaic, Anasazi, and Late Prehistoric defined by Talbot and Richens (Table 2-4). The 

archeology site counts were found in the attribute table in a column titled Count. The 

total count for the three time period categories when added together equaled the same 

total as the archeology sites layer. These counts were then used to populate the chi-

squared test for each archeological site category. The counts represented the observed 

frequency of archeological sites within that specific buffer range.  

   Table 2-4. Counts of archeological sites from the Summarize Incident Count tool 
output 

Buffer range (m) Archeology Sites Archaic Anasazi Late Prehistoric 

0-100 61 13 41 7 

100-200 45 6 34 5 

200-300 19 2 11 6 

300-400 11 0 9 2 

400-500 6 0 6 0 

500+ 13 4 8 1 

Total 155 25 109 21 

 

Buffer range (m) Area Area (x 10,000 m2) Area fraction, Af 

0-100 0.003388 34 0.24 

100-200 0.002884 29 0.20 

200-300 0.002392 24 0.17 

300-400 0.001966 20 0.14 

400-500 0.001439 14 0.10 

500+ 0.002032 20 0.14 

Total 0.014101 141 1 
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The Area Fraction, Af and the site counts were then used to populate the chi-

squared test tables. There were four tables due to calculating chi-squared values for all 

archeological sites, Archaic archeological sites, Anasazi archeological sites, and Late 

Prehistoric archeological sites. To calculate the chi-squared test, three variables were 

needed: Area Fraction, Observed Frequency, and Expected Frequency. The first two 

were from previous steps. The third, expected frequency, was calculated by multiplying 

the area fraction by the total number of sites. The observed frequency and expected 

frequency were then used within the following equation to calculate the chi-squared 

value (Shennan, 1988; Equation 2-1).  

 

Equation 2-1. Chi-squared test (Shennan, 1988) 

(𝑂𝑏𝑠𝑒𝑟𝑣𝑒𝑑 − 𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑)2

𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑
 

A chi-squared value is calculated for archeological sites, Archaic sites, Anasazi sites, 

and Late prehistoric sites (Table 2-5).  A chi-squared test chart is then used to 

understand the results (Nazarathy, n.d.).  

Table 2-5. Archeological sites example of chi-squared test excel table 
Buffer range (m) Area fraction, Af Observed Frequency Expected Frequency Test statistic 

0-100 0.24 61 37.2 15.16 

100-200 0.20 45 31.7 5.58 

200-300 0.17 19 26.3 2.02 

300-400 0.14 11 21.6 5.21 

400-500 0.10 6 15.8 6.09 

500+ 0.14 13 22.3 3.90 

Total 1.00 155 155 37.96 

 

To utilize the chart, the degrees of freedom must be calculated for the dataset 

(Shennan, 1988; Equation 2-2).  
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Equation 2-2. Degrees of freedom (Shennan 1988) 

𝜐 = 𝑘 − 1 

Where 𝜈 is degrees of freedom and 𝑘 is the number of categories 

The degrees of freedom for the dataset was 5 because k corresponded to six categories 

represented by the buffer ranges.  
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CHAPTER 3 
RESULTS 

 Archeological site distance from derived hydrologic features was used to analyze 

the relationship between archeological sites and hydrologic features in the Sand Hollow 

area. The chi-squared test was used to quantify whether there was a significant 

relationship between the proximity of archeological sites to hydrologic features. Overall 

archeological sites in the Sand Hollow area showed a strong association with hydrologic 

features. To identify this association, the chi-squared tests were completed for all 

archeological sites and three time period categories defined by Shifting Sands: Archaic, 

Anasazi, and Late Prehistoric.  

Archeological Sites 

 All archeological site locations were broken into 6 distance categories from 

hydrologic features. Sixty-one archeological sites were located within 100 meters of a 

derived hydrologic feature (Table 3-1). The calculated frequency of sites that should 

occur within 100 meters was about 37 sites. The observed value nearly doubled the 

expected frequency. Overall, about 80% of sites were located within 300 meters of a 

hydrologic feature. When comparing the chi-squared value to a chi-squared value table, 

the p-value was 0.005. The p-value measures the probability of achieving the observed 

results compared to the expected results. The p-value indicates whether the observed 

data supports or rejects the null hypothesis (Shennan, 1988). The null hypothesis for 

this study was that archeological site locations are not related to hydrologic features. 

The expected frequency represents the number of sites that should occur if the site 

location sample was random across the landscape and was not correlated to hydrologic 

features.    
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  Table 3-1. Archeological sites chi-squared test 
Buffer range 

(m) 
Area fraction, 

Af 

Observed 
Frequency 

Expected 
Frequency 

Test 
statistic 

0-100 0.24 61 37.2 15.16 

100-200 0.20 45 31.7 5.58 

200-300 0.17 19 26.3 2.02 

300-400 0.14 11 21.6 5.21 

400-500 0.10 6 15.8 6.09 

500+ 0.14 13 22.3 3.90 

Total 1.00 155 155 37.96 

 

 The same trend was observed in the point distribution of archeological sites 

compared to hydrologic features (Figure 3-1). Archeological sites were mainly clustered 

around hydrologic features represented by red and orange in the map figure. With a few 

archeological sites (13) located over 500 meters from a hydrologic feature.  

Archaic Sites 

 
Within the Sand Hollow area, there are 25 archeological sites that are identified 

in the Archaic time period (Table 3-2). Archaic sites (13) are mainly located 100 meters 

away from hydrologic features. About 84% (21) of Archaic sites are within 300 meters of 

hydrologic features.   The observed value for 100-meter distance was over double the 

expected frequency of six Archaic sites. When using a chi squared value table with 5 

degrees of freedom, the p- value was 0.005.   

  Table 3-2. Archaic sites chi-squared test 
Buffer range 

(m) Area fraction, Af 
Observed 
Frequency 

Expected 
Frequency Test statistic 

0-100 0.24 13 6.0 8.14 

100-200 0.20 6 5.1 0.15 

200-300 0.17 2 4.2 1.18 

300-400 0.14 0 3.5 3.49 

400-500 0.10 0 2.6 2.55 

500+ 0.14 4 3.6 0.04 

Total 1.00 25 25 15.56 
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 The general close proximity of Archaic archeological sites was observed within 

the point distribution (Figure 3-2). Most Archaic sites were located within 300 meters of 

hydrologic features represented in red and orange in the map figure. No Archaic sites 

were observed between 300 and 500 meters away. Only 4 Archaic sites were located 

over 500 meters away from hydrologic features. 
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Figure 3-1. Archeological sites distance from hydrologic features 
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Figure 3-2. Archaic sites distance from hydrologic features 
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Anasazi Sites 

 One hundred and nine of the archeological sites located in the Sand 

Hollow area were categorized within the Anasazi time period (Table 3-3). About 37% of 

Anasazi sites (41) were within 100 meters of a hydrologic feature. Most Anasazi sites 

(78%) were located within 300 meters of hydrologic features within the study area. The 

observed frequency within 100 meters was about 40% larger than the expected 

frequency of about 26 sites. When comparing the calculated chi-squared value to a chi-

squared test table, the p-value was 0.005.  

 
Table 3-3. Anasazi sites chi-squared test 

Buffer range 
(m) Area fraction, Af 

Observed 
Frequency 

Expected 
Frequency Test statistic 

0-100 0.24 41 26.2 8.38 

100-200 0.20 34 22.3 6.15 

200-300 0.17 11 18.5 3.03 

300-400 0.14 9 15.2 2.53 

400-500 0.10 6 11.1 2.36 

500+ 0.14 8 15.7 3.78 

Total 1.00 109 109 26.23 

 

 Anasazi sites (86) were generally located within 300 meters of hydrologic 

features (Figure 3-3). The point distribution displayed in the map figure showed the 

density of Anasazi sites near hydrologic features in red and orange. Only 8 of 109 sites 

(7%) were located over 500 meters away from a hydrologic feature
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Figure 3-3. Anasazi sites distances from hydrologic features 
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Late Prehistoric Sites 

 Late Prehistoric sites were the least represented time period in the Sand 

Hollow area with only 21 sites (Table 3-4). The Late Prehistoric sites still had a general 

trend of having higher site frequency near hydrologic features with 86% of sites 

occurring within 300 meters.  The observed frequency within 100 meters only had 2 

sites more than the expected frequency of 5 sites. Overall, the observed values were 

relatively close to the expected. Therefore, the null hypothesis could not be rejected for 

Late Prehistoric sites. Since the null hypothesis was not rejected, Late Prehistoric site 

locations did not show a statistically significant relationship to hydrologic features in the 

study area based on the chi-squared test. When using a chi-squared test table and 5 

degrees of freedom, the p-value was 0.90 and 0.10.  

 
  Table 3-4. Late Prehistoric sites chi-squared test 

Buffer range 
(m) Area fraction, Af 

Observed 
Frequency 

Expected 
Frequency Test statistic 

0-100 0.24 7 5.0 0.76 

100-200 0.20 5 4.3 0.12 

200-300 0.17 6 3.6 1.67 

300-400 0.14 2 2.9 0.29 

400-500 0.10 0 2.1 2.14 

500+ 0.14 1 3.0 1.36 

Total 1.00 21 21 6.33 

 
 In general, the Late Prehistoric sites were located within 300 meters of 

hydrologic features (Figure 3-4). The point distribution can be observed within the map 

figure showing Late Prehistoric sites clustered near hydrologic features. Only one site 

was located more than 500 meters from hydrologic features.
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Figure 3-4. Late Prehistoric sites distances from hydrologic features 



 

50 

CHAPTER 4 
DISCUSSION 

 Archeological site location has been assumed to be related to the 

accessibility of water by many studies. There are very few studies that have explored 

the relationship between site location and water. The goal of the study was to analyze 

the assumption that there is a consistent pattern of proximity of archeological sites to 

water on the landscape. A proxy dataset of landscape hydrologic features was created 

utilizing GIS to analyze the relationship.  

Archeological Sites 

 Overall, archeological sites within the Sand Hollow area were in close 

proximity to hydrologic features (Figure 4-1). The general trend with the proximity of 

archeological sites to hydrologic features was the majority of sites were within 300 

meters of hydrologic features (Figure 4-2). Assuming these hydrologic features 

represent potential areas of water in past time periods, the results support the 

assumption that a major influence on site location is the availability water (Figure 4-3). 

The results of the chi-squared test quantified this general trend.  

 For all archeological sites located in the Sand Hollow area, the chi-

squared test value was 37.96. With a p-value of 0.005, the null hypothesis was rejected 

that archeological site location is not based on proximity to a water source. The 0.5% 

significance level indicated that there was a strong statistical relationship between 

archeological site location and hydrologic features. Further, the archeological sites 

within the Sand Hollow region within 100 meters of a hydrologic feature showed a chi-

squared value that indicates a relationship of statistical significance (1%). Therefore, 
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archeological site location showed a bias to being located within close proximity (≤ 100 

meters) of a hydrologic feature.  

With the chi-squared test showing that archeological site location had a 

statistically significant relationship to the proximity of hydrologic features, water sources 

were likely to be a major contributing factor in site location. The common assumption 

that water proximity is an important variable in site location is valid concerning the 

results of this study. Proximity to water should be utilized as a statistically relevant 

variable in prediction models for archeological site locations within the study area. 

Further research should be done to justify the importance of water proximity as a 

statistically relevant variable in other environments because of the influence of 

environmental factors on the availability of water within an area.  

With changes in climatic conditions and type of subsistence, archeological site 

location can change over time. To analyze and quantify changes between time periods, 

the archeological dataset was split into three time periods: Archaic, Anasazi, and Late 

Prehistoric. These time period categories were predefined by the Shifting Sands report 

by Talbot and Richens which was the original source for the publicly available dataset.
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Figure 4-1. Archeological sites distribution showing proximity to hydrologic features 
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Figure 4-2. Archeological sites distribution showing proximity to hydrologic features with 300 meter distance shown by 
hatched buffer 
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Figure 4-3. Visual comparison of archeological sites, Archaic sites, Anasazi sites, and Late 
Prehistoric sites and distance to hydrologic features 
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Archaic Sites 

 Archaic time period was mainly defined by a hunter-gatherer subsistence 

pattern within the region. With 84% of Archaic sites being within 300 meters of 

hydrologic features, the observed site locations appeared to be influenced by the 

availability of water. The chi-squared test had a value of 15.56 and a p-value of 0.005. 

Therefore, the null hypothesis that archeological site locations are note related to 

hydrologic features can be rejected. Archaic sites had a 0.5% statistically significant 

relationship to proximity of water. Archaic sites did not show the same statistically 

significant relationship of being within 100 meters of a hydrologic feature like the overall 

archeological site dataset for the Sand Hollow area.  

Anasazi Sites 

 Anasazi time period subsistence methods changed to focus more on 

agriculture-based methods. There is a common assumption that agriculturally based 

communities would be close to water sources. The results of this analysis showed a 

statistically significant relationship of Anasazi time period sites and hydrologic features 

that supports this assumption. With 78% of Anasazi sites located within 300 meters of 

hydrologic features, a strong argument for an association between location and water 

can be made because of the majority being located near water-based features.  

The chi-squared test value for Anasazi sites was 26.23 and had a p-value of 

0.005. The null hypothesis that Anasazi sites are not correlated to proximity of 

hydrologic features can be rejected. The 0.5% significance level indicated a strong 

relationship between hydrologic features and Anasazi sites.  
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Late Prehistoric Sites 

 Late Prehistoric subsistence patterns within the study area mainly 

consisted of hunting and gathering with some agriculturally based communities. The 

observed frequency of sites was close to the expected frequency with differences of 

only 1 to 2 sites between the numbers. The chi-squared value was 6.33 and when 

compared to a table, had a p-value of 0.9-0.1. The null hypothesis could not be rejected 

for Late Prehistoric sites because the p-value is not statistically significant. This was 

also supported by having similar observed and expected frequencies for site 

distributions.  

 Not having a significant statistical relationship with hydrologic features 

could either indicate no correlation between Late Prehistoric site locations and 

hydrologic features or be possibly caused by multiple issues within the study. The lack 

of a relationship could be due to other variables having a more statistically significant 

effect on the location of Late Prehistoric site locations on the landscape. Another option 

was the effect of having fewer sites located within the study area of the Late Prehistoric 

time period. If a statistically relevant sample is not available for the time period, this 

could affect the outcome of the statistical analysis. For example, when comparing the 

distribution of sites, 86% of observed Late Prehistoric sites were located within 300 

meters of a water source. This value was similar to the value for the Archaic time period 

dataset. Therefore, the size of the dataset could be influencing the outcome of the chi-

squared test.  

Assumptions 

 Multiple assumptions were made when completing the case study in the 

Sand Hollow area. These assumptions were discussed in the introduction. Two 
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assumptions will be discussed further because of their implications for this study and as 

a consideration for future work.  

 An assumption made in this study that could have implications on the 

results was that hydrologic features currently observed on the landscape are a proxy 

record of former hydrologic conditions. From reading studies completed within the Sand 

Hollow area, weather patterns have differed over time, but a consistent pattern of 

monsoonal rain and drier environment should have similar effects on the landscape 

from the past to the present. Future studies should utilize paleoenvironmental research 

and data for providing a hydrologic model from the time periods to compare 

archeological sites to past conditions instead of present conditions.  

 Another assumption formerly discussed was the archeological dataset 

used for this case study. To ensure a statistically relevant sample, the dataset was 

expanded into the surrounding areas located within the Virgin River watershed. The 

distribution of site time period types differs between Sand Hollow and the surrounding 

area within the current dataset. Further investigations have been undertaken at Sand 

Hollow since the publication of this report. Consequently, the site distribution data could 

differ from the dataset included within Shifting Sands. In general, the archeological 

record is biased because of preservation, investigations, and various other factors that 

can affect site data. As a result, the dataset is a representation of the former work 

completed within the area and most likely a small window into the past occupation of the 

Sand Hollow area.  
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CHAPTER 5 
CONCLUSION 

Predictive modeling has become popular in archeology to provide focused efforts 

and analysis on areas for archeological sites. There is limited to no literature on 

quantifying the relationship between archeological site location and the variables utilized 

within predictive modeling. Thus, the goal of this study was to analyze the assumption 

that archeological site location is influenced by the proximity of water by utilizing the 

Sand Hollow area as a case study. Derived hydrologic features from a DEM were 

created using the hydrologic toolset and ModelBuilder. The chi-squared test was utilized 

to quantify the relationship between archeological sites in the Sand Hollow area and the 

derived hydrologic features. The results from the study showed a strong relationship 

between archeological site location and hydrologic features.  

 Through the chi-squared test, archeological sites showed a statistically significant 

relationship with a significance level of 0.5% between site location and proximity to 

hydrologic features. The 0.5% significance level indicated that archeological site 

locations are influenced by the proximity of water sources. For the three time periods, 

Archaic and Anasazi sites had a similar significant relationship with a significance level 

of 0.5% between site location and hydrologic features. Late Prehistoric sites did not 

show a statistically significant relationship with a significance level between 10 and 90% 

which could be due to various factors such as other environmental variables having a 

more significant influence on site location or too small of a dataset for statistical 

relevance.  

 The results of the case study imply that archeological site locations are 

correlated to hydrologic features. The result of a strong visual and statistical significance 
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between site location and hydrologic features supports the use of proximity to a water 

source as an important variable in archeological predictive modeling. Due to the 

influence of environmental factors on hydrology, the applicability of the results is limited 

to areas with similar climates to the Sand Hollow region. 

 Future work should be done to further quantify the relationship of site location 

and proximity to water sources. Studies should include the use of paleoenvironmental 

data to model past hydrologic conditions instead of using a proxy dataset derived from a 

DEM. If possible, future studies should also include a larger dataset. A future research 

question could pertain to quantifying the difference in the relationship between site 

location and proximity of water based on the environmental setting and identifying if 

water proximity plays a statistically relevant role in site location in both arid and humid 

environments.  
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