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ABSTRACT 
 

  A geoarchaeological study was conducted at Petrified Forest National Park to investigate 

prehistoric land use of the area by relating cultural deposits to Holocene environments. The 

field site may have been used for agriculture. The soil properties of five different micro-

environments including a sand dune swale, the edge of a modern wash, a floodplain, a sand 

dune, and a sloping fan off of a mesa within this area were compared to see what types of 

prehistoric agricultural methods may have been successful within Petrified Forest and where 

they were used. Basic field methods included augering and in-field soil analysis of physical 

properties. The augering resulted in reconstruction of the stratigraphic sequence in the study 

site. The results concluded that the sediment from the sand dune swale exhibited all the 

properties necessary to successfully utilize the area for dune agriculture, a common method 

used by the Ancient Puebloans in arid environments, though other methods and areas were 

likely used as well. 

 

 

 

 

 

 

 



Introduction 

 
Background 

 The region known as the Southwest is defined as a “culture area” by Linda Cordell. The 

physical boundaries of which are difficult to define and have transformed overtime.  Some 

archaeologists define the physical boundaries of the Southwest as extending from Chihuahua 

and Sonora of Northwest Mexico, across Arizona and New Mexico and reaching into Southern 

Arizona and Utah (Homburg 2011.)  Erik Reed however describes this area as spanning from 

modern day Durango, Mexico to Durango Colorado and Las Vegas, NV to Las Vegas New 

Mexico. This constitutes a cultural area due to the similarities amongst the inhabitants in their 

ways of life and adaptations to their environments (Cordell 2012).  The American Southwest in 

modern literature is subdivided into four different providences including Basin and Range, 

Colorado Plateaus, the Great Plains Provinces and Southern Rocky Mountain (Cordell 2012) 

(Figure 1). The Petrified Forest, which is the primary focus area of this study, is located in the 

Colorado Plateau region (Figure 2).   The Colorado Plateau is of higher elevations than the other 

providences however, like most of the southwest, it is characteristically arid.   

Environment: Present and Past 

  Petrified Forest experiences four full seasons, containing multiple extremes.  Snow, 

drought, hail, high winds, monsoon rains, and flash floods all occur in the park.  The 

temperature ranges from -27 degrees to 107 degrees Fahrenheit with a mean annual 

precipitation of 9.4 inches. The rain exhibits a bimodal distribution in which rain occurs mainly 

during the winter and summer seasons.  This data is all based on the current climate in the park 



which has been monitored since the early 20th century (Thuer 2012). The past climate can be 

studied using geoarchaeology methods as well as using dendrochronology data to determine 

wetter and drier years.   

  The Paleo-environment of Petrified Forest is essential in attempting to understand the 

prehistoric land use, life ways and settlement patterns of the Ancient Puebloans.  Seasonal 

differences including variations in temperature and precipitation influence the water available 

for usage and thus where people resided and what resources were available.  Since there is not 

a substantial availability of trees for dendrochronologists to use in the park, this method was 

not of significance in determining the paleo-environment.   Instead, pollen studies were done in 

order to determine the past flora of the area which may give clues as to what the environment 

was like based on the individual plant properties and what environment they thrive in. These 

studies are on-going so the documented past century in the park serves as the best estimate for 

what the area resembled until those studies are completed (Theur 2012) 

Geology 

  “The Colorado Plateau is characterized by plateaus, mesas, deep canyons, and barren 

badlands, with landscapes dominated by broad valleys, mesas, buttes, cuestas, and a few 

volcanic landforms” (Homburg and Sandor 2011.)  

  The Colorado Plateau consists of approximately 140,000 square miles of the Southwest 

region and consists of a “high standing crustal block of relatively undeformed rocks...” (Foos 

1999).  Petrified Forest resides in the high plains of the plateau. The Plateau is primarily made 

up of sedimentary layers of sandstones and siltstones, the general stratigraphy of which can be 



easily seen in the Grand Canyon which spans from the Pre-Cambrian to the Permian period.   

The Petrified Forest contains a small section of the over-all stratigraphic column of the Colorado 

Plateau including the Chinle formation (Figure 3).    

   The elevation of the park ranges from around 5200 feet to 6200 feet spanning from 

lower river and floodplain areas to high rock formations.  The park includes a multitude of mini 

environments including the stratigraphically beautiful badlands that reflect varied past 

environmental conditions.  The badlands area is characteristic of the Painted Desert which is 

included within the park limits. Periods of arid oxidation are reflected in the bright red 

sediment while the more subtle blues and greens reflect wetter periods of deposition.  Sand 

dune formation plays a big role in the landscape and the past land use of the area. The dune 

formation began approximately between 500,000 and 100,000 years ago followed by two 

additional dune formation times in the mid Holocene (8000-2000 years ago) and the more 

recent Holocene (1000 to present) (Theuer 2012).  This is of direct importance to this study for 

it was due to this deposition of dune deposits on top of clays that allowed water to be trapped.  

Due to this water trapping the short-grass prairie environment was able to thrive which people 

utilized for centuries.  

  Archaeologists are interested in the two depositional periods of sand-dune formation, 

both during the Holocene.  The first period was during the mid-Holocene (8000-2000 BP) and 

the second during the late-Holocene (1000 BP-Present).  Since these two are the most recent 

dune forming periods, this is where one would expect to find archaeological data.  In addition 

to Aeolian depositional processes, alluvial deposition and erosion occurs within the park as 

well.  



  The geology of the area is intricately laced with the hydrology, and in the southwest 

water is the most important resource.   The Colorado Plateau area is watered by the Colorado 

River system which includes the Little Colorado River and the San Juan River (Figure 4).The 

Puerco River, a tributary of the Little Colorado River runs through the park providing the former 

inhabitants of the area with a seasonal water supply as well as the Crazy Creek, Dead Wash, and 

the multitudes of other washes throughout the park. Like most of the Southwest, Petrified 

Forest is gifted with the annual summer monsoons; this as well as the runoff from snowmelt 

contribute water to the washes, rivers, and floodplains.   The monsoon season begins on June 

15th and ends on September 30th (Source: www.nifc.gov). This accounts for over half of the 

annual precipitation in the park. Much of the park consists of sandy soils which have great 

absorbent properties. After the water permeates through this absorbent material it reaches 

they impermeable clays which, much like water being poured on a sponge on a table, allows 

the water to pool and start to flow underground.  This water escapes through natural springs 

and seeps. (Theur 2012,  Cordell 2012).   

 

        Petrified Forest National Park 

  Petrified Forest National Park, located in the Puerco Valley of northeastern Arizona is 

home to an abundance of archaeological material ranging from Clovis times (12,000 BP) all the 

way though the historic period.  The artifacts found within the park boundaries reflect this long 

time span as well as a diverse range of styles that seem to merge in this one region suggesting 

complex connections with surrounding areas.  Petrified Forest was first set aside as a National 

Monument in 1906. After adding 2,500 acres in 1932 the area officially became a National Park 



in 1962. Since that time the park has nearly doubled in acreage after George W Bush increased 

the park to its whopping 218,533 acres.   The rare petrified wood, the distinct beauty of the 

colorful aptly named “painted desert” as well as the hundreds of archaeological sites are now 

protected within the park boundaries (NPS).  Surprisingly, while the park is open for hiking and 

camping in the backcountry, the archaeology of the area has been well protected and 

preserved. One possibility for this preservation is the fact that the archaeology of the area is 

not widely advertised to the visitors and what is advertised, is protected by the park rangers, 

cameras, and walls.   In addition, grazing in the park has been eliminated for the past 50 years 

so the grasslands can return to a more natural state (Theuer and Reed 2012). Regardless of the 

reasons, this leaves the sites in a fairly good state of preservation. Not surprisingly the 

deposition of Aeolian sediments, while burying surface archaeology making survey difficult for 

archaeologists, actually adds to the preservation of sites that would otherwise be left to the 

erosional elements.  

  Most of the archaeological studies conducted within the park have involved survey. Due 

to the increased wind action on the Colorado Plateau, the significant aeolian deposits as well as 

natural movement and deposition of sediments, have led to burial of much of the archaeology 

in the park. Since survey is based on surface data interpretation and collection it must be noted 

that it is possible that information that could contribute to this study may be contained within 

the unstudied, unexcavated material.   In addition, only 30,000 acres (15%) of the park has been 

surveyed in this manner, of which comprehensive geoarchaeology related studies have not 

been completed. The park yields significant potential for research in all aspects of prehistoric 

archaeology due to the sheer amount of archaeological material located there.   



Agriculture  

  Since there is a significant lack of research and specific knowledge about the agricultural 

methods within Petrified Forest, a comprehensive review of the types of agriculture used by the 

prehistoric peoples of other areas within the four-corners region is necessary in order to 

extrapolate possible methods for the sites within the park.  This study begins of course with the 

three basics of agriculture in the southwest: corn, beans, and squash. The aridness and the 

deficiency of water in the southwest is what sets the limits on the productivity and success of 

agriculture.  Prior to the domestication of animals, which is the time-period of focus, there was 

not an easy way to create fertilizer because of the lack of manure (Spielmann et al 2011).  

Without this, prehistoric people had to come up with creative strategies to use the land they 

lived on to fully take advantage of what little water they received.  

  In a study of small-scale agriculture, Katherine A Spielmann and partners stated that 

there were three adaptive strategies that were used in semi-arid environments: “ household 

storage, inter-household food sharing, and migration, that have endured for millennia because 

they are robust in enhancing the resilience of small-scale  farming…” (Spielmann et al 2011). 

Depending upon which strategy is utilized different methods of agriculture are used. Regardless 

of which strategy was favored, farmers had to mind the variation of precipitation as well as long 

periods of dryness and drought.   Some important things to consider when attempting to 

mitigate the adverse effects of the unpredictability of rainfall would be to note the elevation, 

type of environment and geology/soil used, proper scheduling of planting and harvesting, and a 

successful manipulation of the environment.  Higher elevations would receive more rainfall by 

would have a shorter growing season as opposed to a lower elevation field that has a longer 



growing season but perhaps not enough moisture to sustain successful agriculture (Gauthier et 

al 2007).  Different methods of farming in the prehistoric Southwest involve floodwater 

farming, advanced systems of irrigation canals (as seen in Hohokam cultures), dry farming, 

mesa top farming, and more.  The difference with dry farming is described by Anne Wosely as a 

difference in how much modification is needed to be applied to the environment. “Dry farmers 

control a set of natural processes that would occur without human intervention.” (Wosely 

1980) She lists the examples of run-off down a slope, water catchment in sandstone, or silt 

collection in an alluvial fan area.   

  Within Petrified Forest current literature acknowledges the high possibility that dune 

agriculture was the main type of agriculture in the park. Much of the soil is not classified as 

good soil used for successful agriculture.  Dune sand however acts as a successful reservoir to 

store water.  The most successful type of dune sediment would be that of a thin cover located 

on top of soils that would allow less water through it.  In the case of Petrified Forest, 

impervious shales are located beneath the dune sediments, which allows water to collect.  Rock 

alignments are seen throughout the park which would contribute to the idea that this method 

was used.   

        Geoarchaeology  

  Geoarchaeology employs geological methods in an archaeological context in an attempt 

to assess human/environmental relationships. Geoarchaeological methods can be used to 

explain past land use, agricultural approaches, human behavior, potential location of 

archaeological sites, and many more human/environment interactions. The connections 

between the two disciplines are relatively new in the archaeology world and are just beginning 



to be exploited and solidified. It is important to encourage cross-disciplinary methods in 

archaeology because humans had and have a direct impact on everything around them and are 

affected by everything in return. For instance in terms of agriculture, the geologic processes 

that formed the environment directly affect where people are able to farm and what resources 

are available to them. Hydraulic processes help in forming the geology and affect the methods 

of agriculture utilized (e.g. short–term seasonal farming, dry farming, flood farming). 

Agriculture is only one example of how the two disciplines integrate to answer important 

archaeological and geological questions, there are far more possibilities and implications. These 

relationships not only allow archaeologists to better understand prehistoric people but they 

also have implications in modern methods and sustainability of land use.  

  Soils in particular have the potential to provide valuable information to archaeologists. 

Soils not only give clues as to the environment and climate but to how humans interact with 

their environments as well.  As Dr. Vance Holliday points out, “They are a reservoir for artifacts 

and other traces of human activity, encasing archaeological materials and archaeological sites“ 

(Holliday 2004).  Since this study deals with geology and geoarchaeology methods and terms 

which can have different meanings depending which it is important to have specific Holliday 

defines a soil as  

      “...A natural three-dimensional entity that is a type of weathering  

    phenomena occurring at the immediate surface of the earth in sediment  

    and rock, acting as a medium for a plant growth, and the result of the  

      interaction of the climate, flora, fauna, and landscape position, all acting  

      on sediment or rock through time. “  (Holliday, 2004, p. 3) 



  There are many different ways of studying soils, the basics of which are scarcely 

skimmed in this study.  Different properties can reveal different things about the soil, and thus 

give clues that can assist in analyzing the archaeological context of such findings. For instance, 

the texture of a sedimentary deposit can indicate its deposition process.  Larger sediment sizes 

require more energy to transport than that of silt or clay, which typically indicate a low-velocity 

or no-velocity transportation agent. The same principles can be applied to actual artifacts as 

well. This yields information about possible hydrological or aeolian processes of deposition, 

possibly giving clues as to past environments.   Another possibility is to give context to an 

artifact found in a soil.  One example of this was in the Kalambo Falls Acheulian site in Zambia 

which, by the distribution of debitage and noticing the sorting of larger artifact sizes, indicated 

that stream action may have been involved (Rapp and Hill 2006).  This can be done in a simple 

field-based analysis (one that was used in this study) as well as a more meticulous lab-based 

process involving sieving.  In addition, the roundness of the individual grains can also indicate 

transportation methods, more rounded grains may indicate aqueous transportation methods, 

while angular clasts and grains may indicate that it travelled a lesser distance.  Artifacts such as 

lithics or ceramic pieces can be eroded and weathered by the elements as well.   In addition to 

the texture of a deposit, the composition of a deposit can indicate past environments and 

conditions. For instance, organic matter can indicate the former presence of plant life while 

CaCo3 can indicate an arid evaporative environment such as a desert.   

  Color is a great tool to use to analyze sediments as well. Color can indicate source 

material, weathering conditions, differences in formation and depositions between strata, as 

well as post-depositional processes.  



  In this introductory study into the geoarchaeology of Petrified Forest National Park the 

basic properties mentioned above were analyzed in the field. Due to time constraints, the lab 

analysis of the collected soil was not completed however the in-field analysis is a good start to 

understanding the different microenvironments of the area and application to prehistoric 

agriculture. 

Research Objectives 
 

  This thesis explores how geological methods can be applied to Petrified Forest National 

Park, an area of very concentrated archaeology in the Southwest, in order to analyze past land 

use. To study land-use patterns by relating cultural deposits to past environments, 

geoarchaeological methods can be applied to reconstruct those past environments. The 

purpose of this study was to take a small environment within the Petrified Forest National Park 

and use a variety of geoarchaeological methods to see what geologic processes formed the 

modern landscape and how it was later utilized by the prehistoric inhabitants of the area. The 

area chosen was selected based on the assumptions by park archaeologists that the area was 

used for agriculture.  

  Changes in soil deposition over time was investigated on a small scale within the 

parameters of the study area to begin a reconstruction of the past environment.  The general 

questions that make up the framework for this project include:  

1) Was this area used for agriculture?  



2)  If it was, then what are the geologic properties that allowed agriculture to be 

sustained? 

3)  How does this area relate to nearby archaeological sites, and  

4)  What is the ultimate significance of the area in terms of the entire park and 

surrounding geology? 

   More specifically this study points out changes in the landscape within the four tested 

landforms: floodplain, alluvial fan, wash, and dune swales. All of these landscapes are located in 

a very concentrated area within the park, another reason why this location is ideal to test.  The 

testing of the different landforms allows assumptions to be made about where agriculture was 

likely to have taken place among these different landforms.  Since this is a concentration of 

many landscapes located in an area of dense occupation it acts as a good pilot study for 

predicting agriculture throughout the park.   

Methods 
 

  In order to study patterns of deposition and prehistoric land use, geoarchaeological 

methods can be applied to reconstruct past environments. Stratigraphic mapping and basic soil 

analysis of physical properties were employed in a small sample of the densely occupied 

prehistoric landscapes of Petrified Forest National Park. These methods allow for the adequate 

sampling, mapping and analysis of subsurface deposits of buried soils and sediments. 

Information such as soil depths above bedrock, soil colors and textures, and changes between 



stratum all provide clues as to the prehistoric land use in the area and can all be gained from 

using the above mentioned methods.  

           Preparation   

  Over the summer of 2014, as part of a research project to be presented at the PECOS 

Conference in the annual poster session, the majority of the fieldwork was conducted and 

nearly completed.  In order to get an idea of subsurface stratigraphy without being too 

damaging to the beautiful scenery and concentrated archaeology I used a bucket auger which 

would cause minimal damage but would still yield valuable data.  Park Archaeologist Bill Reitze 

assisted in choosing the larger study area, a convenient location in the park which encompasses 

multiple micro-environments within a small area in the park, thus making it more convenient in 

terms of doing field work under a time constraint (Figure 5). As mentioned, the park is very 

large and with only one low-speed public road and slow-going off-roading roads of different 

conditions, it was important to consider the practicality of the location.  Once the larger study 

area was found I reviewed the GIS data and the Soil maps created by the Apache County Soil 

Survey in order to choose the augering locations within those parameters  in an attempt to not 

only include the different environments but also differently classified soil types (Figure 6). 

       

       Bucket Augering   

  Prior to heading out to the field I familiarized myself on the methods used by 

archaeologists to assess sediment and soils. Using the resources available in the library at 

Petrified Forest I learned more about what had been done in the park in regards to 

geoarchaeological research and became familiar with the type of information bucket augering 



yields.  

   Under the careful advisement and instruction of graduate student Amy Schott, I began 

the augering process. Using the GIS maps and a handheld GPS provided by the park I marked at 

located the approximate areas I wanted to test.  Augering Hole #1 was located in the “Jocity-

Clay Springs Complex” in a sand dune swale.  Hole #2 was located at the edge of a wash and 

consisted of “Tours Clay Loam.” Hole #3 was in the “Jocity sandy clay loam” category and was in 

a slopping fan off of a mesa.  Hole #4 was also located in the “Jocity Sandy Clay Loam” in the 

floodplain.  The floodplain was in an area of interest for the study however the floodplain was 

located within the same soil classification as Hole #3. In order to account for the micro-

environment which was deemed the more important thing to study, two holes had to be dug 

within the same soil classification.  Hole #5 was located in a dune and was categorized as 

“Claysprings clay, 0-8 % slopes” (Figure 7). 

  Bucket augering involves a scoop like bucket connected to an adjustable pole. The 

bucket has sharp blades that spiral around each other so as to cut through the dirt, rocks and 

plant debris, but also to capture the soil inside the bucket (Figure 8).  The bucket auger 

provided by the park stored approximately 10 cm of sediment.  One the bucket was full, the 

contents were emptied onto a large tarp next to the prior contents as to be in stratigraphic 

order. This allowed overall color and texture changes to become very apparent (Figure 9). 

   Possible sources of error may originate from the augering process; soils that perhaps 

have very distinct stratigraphic differences may seem as though they occur more steadily and 

blended. For instance, if there is a distinct red layer and a distinct brown layer in the 

stratigraphy, this may appear over the course of multiple buckets as a bucket full of red 



sediment, a bucket full of mixed red and brown sediment and a bucket full of primarily brown 

sediment as opposed to one red bucket and one brown bucket.  It is harder to tell just how far 

down the layer began or terminated so all of the sediment differences may be a few 

centimeters off.  This method is still effective in realizing general trends and changes and is 

used frequently in geoarchaeological studies.   

       In-field Analysis   

  As each ten cm increment of soil was placed on a large tarp it was collected and 

examined. Using “A Handbook of Soil Description for Archeologists” by Gregory Vogel and a 

Munsell Soil Color Book, and the instruction of Schott, I noted the color, texture, structure, 

inclusions, root percentage and any other things of note.  Through the course of my research I 

found that there were no standard ways of recording this information so I created specific 

bucket auguring forms which I used for each of the holes in order to be sure I thoroughly 

recorded the same information for each location.   Basic information was recorded in addition 

to the soil descriptions such as weather, location, approximated percentages of foliage in the 

area, and close landforms, all of which could impact the data. Though there is not a standard 

way of recording the information, the Munsell Soil Color Book is the standard way in which 

archaeologist’s record colors of sediment. Luckily this costly resource is used in the field by the 

park archaeologists so it was available to use for this study.  I compared both dry and wet 

samples of each bucket and recorded them both. Some of the sediment was already damp 

underground so this was a way of getting a more accurate color classification.   

  In order to determine what type of soil the sediment is, I did a quick in-field texture 

analysis. By using wet soil and pinching it between my fingers to form a ribbon I could begin to 



determine what kind of soil it was. Other methods involved over-wetting the soil to see if it was 

more smooth or gritty in addition to taking a look at the grain size (Figure 10).  Ideally, the 

sediment would have been further studied in the lab using particle size analysis to double check 

these classifications, however I am confident in the classifications made for the purpose of this 

study. 

  Other things in the samples were noted as well such as the percentage of rootlets and 

gravel. Modern roots that burrow down into older sediment have the potential of mixing up the 

sediment or even changing the properties of that older sediment. Giving a percentage of visible 

rootlets indicated the modern day foliage seeing as prehistoric plant material would have 

decomposed already. During the sieving process in the lab the rootlets are typically removed 

entirely.  

  For holes #1, #2, and #3 I was lucky to have the assistance of Amy Schott, fellow intern 

Nicole Kulaga and another intern Caitlin Ainsworth assisting me. Gregory Luna assisted me on 

hole #5 over the winter. Alternating augering allowed for speedier research and seeing as 

augering is labor-intensive it also provided time to rest.      

     The Role of Bedrock   

  The goal of augering was to remove soil in about 10 cm increments until bedrock was 

reached or until something prevented further augering. Due to time constraints available for 

personal research time in the field the augering holes that did not reach bedrock were not able 

to be re-dug in a different area. Further research projects should account for having to re-dig 

holes that are obstructed by unfortunately located rocks and other debris. In larger scaled 



studies with ample time and resources, it is important to gather data to bedrock so that a more 

inclusive depositional history can be recorded and studied. If all the holes were dug to bedrock 

it would be possible to create a cross-sectional view and connect them across time and space to 

see how the landscape changed over time.  

Hole #2 was unfortunately interrupted by a heavy rainstorm, and since this hole was 

located within a desert wash during monsoon season, safety precautions dictated a speedy 

escape which is why this hole did not reach bedrock.  Augering hole #3 reached a rock which 

prevented further digging.  Augering hole #4 was completed solely by myself and was also 

interrupted by two downpours.  Working alone on this hole took twice as long and by the time 

three meters was reached, I was physically incapable of continuing. Hole #5 was completed in 

the Winter of 2014 with assistance from Crew Lead Gregory Luna-Goya.  This hole was 

obstructed by a large rock which prevented augering further down.  Samples were collected for 

the first four holes at every 10 cm interval after being recorded. Each bag was labelled with the 

date, augur number, and centimeters below surface.  In order to save time in the field on the 

cold winter day, samples were only collected when the strata changed significantly either in  

texture, color or composition. All analysis for hole #5 was completed back at the office.   

    Displaying and Presenting the Data    

  Once all of the data was collected for the first four holes, detailed stratigraphic columns 

were created for each of them.  I used the exact colors listed in the Munsell Soil Color Book to 

create the digital columns so that it was easily shown to the public viewers at the conference.   

The poster presented at PECOS only consisted of the data from the first four holes. It did not 

give much analysis into the formation processes and agriculture simply because the research 



was unfinished and thus was presented as a pilot study.  

  The summer research was concluded by presenting the poster at PECOS (Figure 11). This 

was a valuable part of my internship at Petrified Forest National Park as well as a part of the 

learning process for this thesis. I received valuable information regarding the agriculture of 

Hopi corn which is an important analogy to prehistoric agriculture done by the Ancient 

Puebloans in the Southwest by experts in the field. Viewers provided references and feedback 

to assist in completing the project.   

  With most of the fieldwork completed during the summer, the fall semester consisted of 

learning how to interpret my data through the Stratigraphy and Sedimentation class at the 

University of Arizona as well as applying knowledge learned in the Ancient Puebloans course 

taught by Jeff Dean and Chuck Adams, both experts in Southwest Archaeology. Both of these 

courses contributed valuable knowledge and sources. With this basic background knowledge,  I 

began research into the topics of geoarchaeology, stratigraphy, and agriculture in the 

Southwest.  I also applied and was awarded a research grant from the Honor’s College which 

helped defray expenses of further research. Using this money, I returned to Petrified Forest 

over Winter-break to dig one final auger hole within the same research area.  

  Upon completion of the fifth hole, new stratigraphic columns were created in the 

proper format learned in the Stratigraphy and Sedimentation course at the University of 

Arizona.  These columns portray the types of sediment based on the texture, as well as the 

grain size, color, and inclusions which were created using the program Sedlog.  Sedlog is a very 

minimal program which does not allow for a wide range of customization so Photoshop was 

also used in addition.  Symbols in Sedlog were created for rock types, so the patterns used to 



typically distinguish rock types were used in this study to instead describe differences in soil 

textures. A key was created and provided in order to clarify which patterns represent which soil 

types. Once the columns were completed, I continued my research of agriculture in the 

Southwest to determine what the data meant. 

Results 
  The Stratigraphic columns created for each hole are listed in the Figures and tables 

section. Only major differences in soil was portrayed on these columns to show general trends 

and soil types. As mentioned earlier the patterns that came in SedLog typically describe rock 

types but have appropriated to represent soil types.  

          Augur Hole #1 

  Augur Hole #1 was the only hole dug that successfully reached bedrock.  This hole was 

located in a sand dune swale and was the hole located furthest south. It was found in the 

“Jocity Clay Springs Complex” soil identified by the Apache County Soil Survey.  The depth went 

to approximately 81 cm below surface where the bucket began cutting up the bedrock.  It 

consisted of shallow bedrock overlain by quaternary deposits.  The sandy loams, loamy sands, 

and sandy clay loams alternated on top of the bucket weathered mudstones. They mudstone 

was classified as a deep “Dusky Red” (Table 1). 

     Auger Hole #2 

  Auger Hole #2 did not successfully reach bedrock unfortunately. A heavy monsoon 

rainstorm interupted the hole. It was located on the edge of a wash and was within the “Tours 

Clay Loam” area. The depth of this hole reached ~203 cm below surface.  Levels of sandy clay 



loam and loamy sand alternated frequently, interrupted by one brief zone of silty clay.  Further 

lab work would have confirmed the particle size and thus the transport energy and method of 

deposition.  The color was a similar “Reddish brown” to the sediment in augering hole #1. The 

deeper sediment starting at about 96 cm below surface turned to “Brown” (Table 2). 

 

          Auger Hole #3 

  Auger hole #3 also did not reach bedrock due to a rock which would not allow for 

further auguring. It was located on a sloping fan off of a mesa. The depth reached to 304 cm 

below the surface.  It is located north of hole #2 and is within the” Jocity Sandy Clay Loam” soil 

type.  Hole #3 consisted of a wide range of soil types and a diversity in soil colors. The drastic 

changes were very apparent when each auguring sample was laid out on the tarp during field 

work (Figure 12). This hole represented the most variety in soil types of the five holes as well as 

the most color variation (Figure 13).  Colors included Brown, Reddish Brown, Greyish Brown, 

Pinkish Grey, and Dark Brown.  The colors changed noticeably from bucket to bucket (Figure 14) 

(Table 3).  

           Auger Hole #4 

   Augur Hole #4 consisted of three main soil types: Loamy sand, sandy clay loam and pure 

clay. The first 88 cm of the hole consisted of clay. The soil formed a long ribbon between my 

fingers which indicated that this was pure clay, since this hole is located in the floodplain this 

would make sense because the smaller particles would be deposited and would be able to 

settle in the low energy floodplain. The fourth hole is located in the same soil section as the 

third in the “Jocity Sandy Clay Loam.” It is located farthest north and is the closest of the five 

holes to the Puerco River. As the sediment got deeper the Clay turned into loamy sand and got 



oranger as well. This hole also did not reach bedrock but got down to a depth of ~304 cm below 

the surface (Table 4).  

          Auger Hole #5 

  Augur Hole #5 was located on top of a sandy dune and the sediments reflect this. 

Officially it is considered in the “Claysprings clay, 0-8 % slopes” category. The strata alternates 

between sandy loam, loamy sandy, sandy clay loam and straight sand.  The hole was dug nearly 

4m before a rock was hit that prevented further digging. It is possibly that this rock was near 

bedrock but not lilkely since the dunes are fairly large in the park.  The soil seemed very red 

which is caused by oxidation, hinting at the known arid environment.  

Discussion 
   As Homburg and Sandor mention in their article there are two major challenges that 

inhibit soil studies in the southwest. The ability to recognize areas that were actually used as 

fields in the southwest and finding appropriate soils that were not used as fields but could 

represent areas that could have been used in order to form an informed opinion on the 

agricultural methods used in an area.  One must draw conclusions based on the literature 

available for other cultures in order to formulate ideas about the environment they are 

studying. There is no distinct evidence that allows me to assume that the area I tested was 

actually a field used by the Ancient Puebloans.  The idea was to get a sampling of various 

environments in order to see what may have yielding successful agriculture. It is quite possible 

that a combination of these different environments and methods were used by the past 

inhabitants in order to accommodate for the arid area. This would be beneficial in order to 



prepare for the failure of one of the methods and was possibly necessary to account for 

increasing populations.   

      Possible explanation of Sediment Changes  

  All of the data collected from each hole reveals aspects of the former environment that 

can give clues as to depositional methods. For instance, augur hole #2 seems to show a pretty 

steady deposition mechanism interrupted by periods of soil formation as indicated by the ped 

structures found in the samples.  The changes in the soil types were very steady. This is 

currently on the edge of a wash which would explain a constant deposition of sediments. 

Further lab work could indicate the transport energy that deposited the sediment collected. 

Since Monsoon seasons involve high energy water that erodes and deposits sediments and can 

be very dangerous, this perhaps is not the best area for agriculture to remain for long periods of 

time.  Augur hole #3 alternated with multiple episodes of stability and episodes of soil 

formation. The changes within the deposition is very apparent since the sediment varies so 

much in texture and color.  One would expect to see sediments which fell down the slope due 

to gravity. The changes in the soil may be explained by alternating Mesa erosional/gravitational 

deposition, Aeolian, and alluvial deposits.  Augur hole #4 is characterized by a fairly thick layer 

of clay which holds moisture near the surface. The depositional process would be a very low-

energy process of depositing sediment over the riverbank when it floods. Smaller sediments 

settle out over the banks of the fast moving river. The loamy sand would indicate a higher 

energy river flow so it is a possible piece of evidence that may indicate the movement of the 

Puerco River over time or the appearance of smaller tributaries as the flow and path of the river 

changes. Augur hole #5 was primarily made up of sandy and loamy sediments.  These types of 



sediments favor water infiltration as well as provide an area in which roots can grow easily 

(Homburg and Sandor 2009).   The park is currently in a period of dune formation which has 

taken place over the last 1000 years. Since this dune was comprised of mostly the same soil 

types it doesn’t seem to have undergone much change after deposition. Since this dune 

seemed to go on endlessly it may not have been the best location for agriculture since shallow 

imperiable shales would assist in collecting that water much like water being poured on a 

“counter” and can start to build up or travel underground.  Augur hole #1 was comprised of a 

shallow bedrock (claystone) overlain by quaternary deposits. This was the only hole to reach 

bedrock.   

Agriculture 

  Auger hole #1 seems to be the most suited area within the five microenvironments 

tested that falls within the agricultural methods studied. The sandy quaternary deposits acts as 

a water reservoir and the shallow clay below is less impervious so water can build up in those 

areas. Hole #1 represents this geologic strategy perfectly.  Further, archaeological survey 

revealed a rock alignment located very close to where Hole #1 was dug. Rock alignments are 

used in order to control the flow of water and sediments to assist in agriculture. Since this 

environment has ideal properties to hold water as well as nearby archaeological materials used 

for agriculture, I would safely assume that this area is the most likely of the five areas to have 

been used for agriculture.   

   Hole #5 was located in a dune so dune agricultural methods would apply in this case, 

however the sandy loam deposits continued for meters beneath the surface and did not seem 



to change or get closer to bedrock. Corn grows best at shallower depths so this is perhaps not 

the most suited area.  Since hole #4 is located in the floodplain, floodplain agricultural methods 

would apply here. This is a very common strategy in the southwest so it is highly likely that this 

method was used within the park. The clay located at the surface would allow water to pool on 

top of it, making water more easily utilized for shallower crops.     

Conclusions 

 
  The geoarchaeological methods utilized in this project have proven to be effective in 

gathering information about the depositional processes of the area.  The bucket auger 

successfully gave a view into the subsurface deposits in five different environments within 

Petrified Forest National Park. This is only an introductory project into looking at the past-land 

use in regards to agricultural methods in the park and further research is necessary to affirm 

the conclusions made. The first augering hole located in a sand –dune swale consisted of water-

retaining sand as well as impervious mudstones below which allow water to pool. It was 

shallow enough to be useful for dune agriculture. The nearby rock alignment added further 

evidence that this area or the micro-environment and conditions it represents, was used for 

agriculture by the prehistoric inhabitants of the area.  However, even if this seems the most 

likely place of the environments tested it is more likely that a mix of locations and methods 

were used in order to capture as much water as possible to yield successful crops.   
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Figures 

 
 Figure 1: Map of the physiological provinces in the Southwestern United States. Source: Archaeology of 

the Southwest, Linda Cordell and Maxine McBrinn, 2012, pp 42, figure 2.1  

 

 
Figure 2: Petrified Forest National Park located within the Colorado Plateau Source: Ramezami 2011  

 



 

 
 
Figure 3: Lithostratigraphic column of Petrified Forest. Source: Martz et al 2012 



 
Figure 4: Map showing nearby rivers. Source: http://www2.nature.nps.gov/ 

  
Figure 5: Study area within the park boundary.  
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Figure 6: Apache County Soil Survey map of soil types. 



 
Figure 7: Auger locations and the soil types they are located within.  



 
Figure 8: Bucket auger used (L) and bucket auger in use by author (R).  
 

 
Figure 9: Sediments after being augered and collected laid on a tarp to visibly notice distinct color 
differences.  
 
 
 
 



 
Figure 10: In field guide used to determine soil textures. Source: Modified from S.J. Thien. 1979. A 

flow diagram for teaching texture by feel analysis. Journal of Agronomic Education. 8:54-55 

 

 
Figure 11: End of summer research poster presenting at PECOS 2014 
 
 



 
 

 
Figure 12: Soil gradient for Bucket Auguring Hole #3 
 

 
Figure 13: Sandy Clay Loam, Loamy Sand, and Silty Clay located one right after another in Bucket 
Augering Hole #3 
 



 
Figure 14: Silty Loam (L) and Silty Clay (R) showing stark color differences within 10 cm in Bucket 
Augering Hole #4 
 



 



Tables 
Table #1: Bucket Auger Hole #1 Basic Descriptions  

 



 

Table #2: Bucket Auger Hole #2

 
 
 



Table #3: Auger Hole #3

 
 



 
Table 4: Bucket Augur Hole #4 

 
 



 
Table #5: Auger hole #5 
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