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Chapter I 

Introduction 

 

 Humans tend to leave traces of their lives everywhere they go and on everything they touch. 

Archaeologists have always loved the trash and misplaced materials from past cultures as it brings those 

past worlds back to life. In certain archaeological contexts there are no material objects remaining where 

past activities had taken place, but there typically is some evidence left behind on a micro scale that is 

invisible to the naked eye. Sometimes it is hard to interpret sites considered to be ritual in nature where 

there are no other known patterns or explanations in the prehistoric or ethnographic evidence. I aim to 

investigate the use of geochemical and geophysical methods to determine ritualistic activities areas within 

the Moorehead Circle, a circular wood structure constructed at Fort Ancient State Memorial in Warren 

County, Ohio nearly 2000 years ago, whose feature layout is unique within the archaeological record of 

the period. This will be accomplished by detecting areas of human activity not identified by traditional 

methods and by finding material traces which will be examined to suggest possible ritual activities at the 

Moorehead Circle through the patterns found with the analysis of the chemistry and geophysical 

signatures of the soil.  

The lack of written history has affected the cultural understanding of many North American 

archaeological sites making interpretations and ethnographic comparisons difficult to conceptualize. New 

methods and forms of evidence continue to be developed that will undoubtedly add to the prehistoric 

narrative especially within the Middle Woodland Period (100 BC-AD 500) and a culture known as the 

Hopewell. Hopewell groups are known for their highly symbolic landscapes, and they often built complex 

earthworks at a massive scale (Lynott 2014). The Hopewell in Ohio were highly skilled architects who 

built geometric earthworks with great precision and were obsessed with elaborate mortuary and burial 

practices (Cowan 1996). The Hopewell are a mysterious culture partly because of the minimal evidence 

of their domestic lifeways and the lack of hard information on the activities that took place within their 

ceremonial architecture and earthworks. I examine one such earthwork known as Fort Ancient (33WA2) 
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located in Warren County, Ohio whose construction dates were between 100 BC and AD 350. The 

embankment walls that surround the hilltop aggregate 5.7 km in length and range in height from 1.5 to 7 

m (Otto 2004). 

The focus of my thesis is on a ceremonial complex called the Moorehead Circle that is located 

within Fort Ancient. The Moorehead Circle is a 60 meter in diameter woodhenge containing unique 

features within its boundary. The excavation program for the Moorehead Circle under Dr. Robert Riordan 

has examined the feature located in the center of the Circle a four meter diameter deposit of very clean, 

highly magnetic red soil surrounded by broken pottery. There are the remains of a structure adjacent to 

the central feature where important activities may have taken place. Other features inside the Circle 

include limestone pavements, postholes, and gravel trenches that traverse through the interior. Pottery, 

stone tools, and architectural signatures have been recovered, but for the most part the site’s purpose is 

unknown (Riordan 2009:88). The objective of this thesis is to delineate, through the analysis of soil, 

where activities may have taken place and how the site may have been utilized. 

One way to detect if human activity was present at this location is to examine the chemistry of the 

soil, because there are many activities that leave chemical evidence such as phosphate in the soil. Any 

activity that deposits decaying organic debris will leave a stable phosphate signature in the chemically 

altered soil (Woods 1977). Food preparation, animals, burials, and mortuary practices are examples of this 

phenomenon. It is even possible to see patterns of phosphate within the ground that reveal boundaries, 

pathways, or structural patterns (Craddock et al. 1985: 368; Matthews et al. 1997: 293; Yerkes et al. 2007: 

865). Phosphate analysis is perhaps one of archaeology’s best known geochemical methods and has been 

used for investigative purposes for decades (Eidt 1973, 1977; Marwick 2005; Solecki 1951; Woods 1975, 

1977). More recently improvements of the process have increased the effectiveness of its application 

(Nolan 2010; Roos and Nolan 2012; Skinner 1986; Terry et al. 2000). The magnetic susceptibility of soil 

is another way to detect human activity connected to human occupations through patterns of organic 

weathering or heat-induced soil magnetism (Tite and Mullins 1971; Yerkes et al. 2007). Examining the 

soil of archaeological sites can reveal possible areas of human interaction, where activities such as 
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burning or increased organic deposition occurred. Phosphate analysis paired with magnetic susceptibility 

can reveal elements of the past that traditional methods in archaeology cannot detect.  

The methodology used for the project is a modified version of procedures developed by Nolan 

(2010, 2014; Nolan and Redmond 2015; Roos and Nolan 2012; Swihart and Nolan 2013, 2014). The soil 

was collected in a roughly 80 m x 215 m area that encompasses the Moorehead Circle and continuing into 

the field southwest of the Circle. A 7.5 m by 7.5 m staggered lattice grid was placed for the locations of 

the samples. Samples collected from two layers of the soil are included in the soil analysis. One layer is 

within the plow zone, where evidence of the activities may lie. The second layer comes from the subsoil 

in a targeted area where the activities of the Moorehead Circle are generally encountered in the soil 

profile. Soil was analyzed in laboratories at Ball State University and the patterns were mapped using 

interpolation in ArcMap 10.2. The methodology chosen helps define chemical and geophysical 

characteristics within the soil of the Moorehead Circle.  

 There are many hypotheses of how the earthworks were actually used including Moorehead’s 

(1890) view of them as defensive forts and Prufer’s (1964) “Vacant Ceremonial Center Model,” which 

suggests that the builders of these earthworks never actually lived in them and they were only used for 

ceremonial purposes. Archaeologists have previously used chemical testing to help determine ritual 

details of ceremonial activities, in order to understand what actually happened at these sites (Adderley 

1996; Barba et al. 1997; Middleton et al. 2010; Parnell 2001). I will attempt to tease out general details 

and locations of the ritual activities at the Moorehead Circle using phosphate and magnetic susceptibility 

analysis to aid in the total understanding of the site. The debate goes on about how these sites were 

utilized by the Hopewell and using the methods and analysis proposed here will reveal new details about 

the ritual activities of the Hopewell.  
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Chapter II 

LITERATURE REVIEW 

 

Ohio Hopewell 

 Hopewell is the name given to a distinctive archaeological “culture” defined in part by 

construction of monumental earthen features such as enclosures, burial and effigy mounds, and 

earthworks. They also had complex mortuary and ceremonial practices and a penchant for exotic and 

finely wrought artistic goods. The Hopewell societies are generally recognized as existed in the Middle 

Woodland period (100 BC-AD 500) (Lynott 2014; Seeman 2004, 2007). While many Hopewell sites are 

found in the Middle Woodland from states such as Kansas, Missouri, New York, and Florida, this 

summary will focus on the Ohio Hopewell, where the earthworks and earthen structures are more 

complex and massive in scale (Lynott 2014:39). The Ohio Hopewell are best known for earthworks that 

are generally geometric in nature and for their burial mounds and the artifacts buried within them (Cowan 

1996). This summary of the Ohio Hopewell will include the “Hopewell Interaction Sphere,” subsistence, 

settlement patterns, and the earthwork ceremonial landscapes.  

 The Hopewell Interaction Sphere, within the Middle Woodland, was a complex, long-distance 

exchange of material goods (Brose 1994; Ruhl and Seeman 1998). The network had a wide range, as 

there is evidence of obsidian found within Ohio Hopewell contexts from Wyoming (Griffin 1965; Griffin 

et. al 1969), copper from the Great Lakes (Fraikor et al. 1971), mica from North Carolina, and marine 

shells from the Gulf of Mexico (Charles 2012). While these are all material goods that demonstrate the 

distance the objects have traveled, the ideology behind their fashioning and use is just as important.  

 There are a few different interpretations behind the Hopewell interactions. One reason for 

Hopewell interaction would have been basic trade and that the Hopewell may have been more egalitarian 

than later prehistoric North American people with the possibility of some leadership to coordinate the 

exchanges (Sarich 2010:44). Sarich states that “Conflict, right alongside ritual, has a great deal of 

influence on the movement of people, and thus all the goods and ideas they carry with them” (Sarich 
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2010:49). Conflict may also have been a factor behind interaction, exchange, and ceremonialism, which 

may be evidenced by the role of “trophy skulls,” which may have been taken in warfare within Hopewell 

societies (Seeman 1988). Although, little evidence of desecration of monuments are available in the 

archaeological record with the “trophy skulls” being more representative of success implying that conflict 

was not a regular occurrence (Seeman 2007). Ritual centers could also have been used as gathering sites 

where exotic goods were exchanged where the act of exchange itself was ritualistic in nature (Sarich 

2010:47). The actual workings of the Hopewell interaction sphere is much more complex than what is 

presented here, but trade, conflict, and ritual are certainly factors behind the reasons for these interactions.  

 The subsistence patterns of the Ohio Hopewell have been revealed through the paleoethnobotany 

work of Dee Anne Wymer (1996). She states “… the greatest component of the identified seed 

assemblages from the Middle Woodland sites are cultigens of the Eastern Agricultural Complex” (Wymer 

1996:40). The majority of the seed crops consist of high-carbohydrate starchy taxa and include maygrass, 

erect knotweed, and goosefoot (Wymer 1996:40). The Ohio Hopewell knew how to manipulate the land 

for crops and were garden horticulturalists who knew how to work with a wide variety of cultigens, 

“…from a warty hard squash to the grain crops of the Eastern Agricultural Complex” (Wymer 1996:41). 

Hopewell were also using these gardens to supply a major part of their diet, and not just to supplement 

some other source. The Ohio Hopewell utilized a variety of nuts, fruits, and tubers but not in the same 

quantity that is seen in Late Woodland sites, where it seems every available resource was being utilized 

(Wymer 1996:42). The Ohio Hopewell were more selective in choosing their gathered resources and 

probably chose easily gathered and prepared foods (Wymer 1996). The Ohio Hopewell were proficient 

agriculturalists and did not seem to have many problems procuring food or impacting the land around 

their habitations, which may indicate why their settlements are so dispersed.  

 Ohio Hopewell settlement patterns are a highly debated topic in Middle Woodland Archaeology, 

and for good reason: they have not been defined. Griffin (1996) has a strong summary of previous 

archaeological work on Ohio Hopewell habitation sites, in which he suggests most earthworks were not 

inhabited, and that the Hopewell were most likely living in dispersed hamlets within the area. Blosser 
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(1996) gave a summary of the initial work of the Jennison Guard site that showed a possible year-round 

Hopewell habitation site in Indiana located on a floodplain of the Ohio River. This site also had the 

possibility of specialization in working with mica which could demonstrate a non-domestic utilization of 

a habitation site. The Jennison Guard site is one locus and not necessarily a pattern. There is no “type” 

site for Ohio Hopewell settlements or habitations which leads to numerous debates on the proper 

settlement pattern of this Middle Woodland society.  

 There are many different opinions on the Ohio Hopewell settlement patterns. One of the earliest 

was expressed by Lewis Henry Morgan (1881), who believed it was essential for the builders of the great 

mounds and earthworks to live sedentary lifestyles, supported by an agriculture that would fulfill the 

amount of work necessary to build this type of architecture (Lynott 2014:72). The Lower Illinois and 

Lower Wabash Valleys do have settlements next to their mound groups, but the Ohio Hopewell do not 

have clearly defined habitation locations that show up in the archaeological record (Lynott 2014; Ruby et 

al. 2005). It is hard to find a pattern to where the Hopewell lived because the settlements have “… a 

complex and highly variable adaptive strategy” (Lynott 2014:73) where every situation is different and 

directly related to the monumental earthworks that the people are building.  

 Olaf Prufer (1964) used an idea developed to describe Mayan settlement patterns, (but this was 

later renounced, see Morley et al. 1983), as a template for Ohio Hopewell settlement known as the 

“Vacant Ceremonial Center Model.” In this model the earthworks were left vacant for most of the year, 

only being used seasonally or for ceremonial/special events, while the people lived in small hamlets 

surrounding the earthworks. These hamlets were widely separated and self-sufficient in subsistence, but 

their inhabitants met as a community at the earthwork or ceremonial centers (Prufer 1965).  

There is debate concerning the efficacy of this model. Pacheco (1996:19) lists some of the 

challenges to the “Vacant Ceremonial Center Model:” evidence of nucleated villages in proximity to the 

ceremonial centers (Griffin 1996), some Hopewellian sites like McGraw and Murphy were seasonal 

horticultural camps instead of sedentary settlements (Yerkes 1994), and relatively permanent cultural 

centers within earthworks would have rendered the ceremonial center non-vacant (Baby and Langlois 
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1979). Griffin (1996) is opposed to the “Vacant Ceremonial Center Model” where he stands with the 

Morgan’s (1881) view of nucleated villages in proximity to the ceremonial centers. Converse (1993) 

disagrees with this model as well, stating that archaeologists just are not able to “see” the villages because 

of their unfamiliarity with surface collections associated with these sites.  

Not everyone disagreed with Prufer’s hypothesis. Dancey and Pacheco (1997) expanded Prufer’s 

idea by proposing that the Ohio Hopewell people lived in sedentary communities or households that were 

located around the ceremonial centers. Smith (1992) suggested that the Ohio Hopewell lived in small 

farming communities with hamlets and farm fields. The hamlets and agriculture were considered to be 

part of a domestic aspect to the community. Ceremonial centers, such as earthworks, belonged to the 

“…corporate sphere of the Hopewell societies” (Lynott 2014:74).  

The idea of sedentary or permanent structures being located outside of vacant ceremonial centers 

may only be a misconception of the meaning behind the name “Vacant Ceremonial Center Model;” The 

term “Vacant” implies emptiness while the meaning behind the idea is that large groups were coming 

together, in a central location, for a sense of community (Pacheco 1996). Prufer never really meant that 

the ceremonial centers were not used or inhabited; he argued that the domestic aspects were not relevant 

to the main purpose of the ceremonial center. But some sites do not fit with this model. It is possible that 

there is no evidence for large groups of Hopewell people being involved with the construction of the 

earthworks. For example, Seip could be the result of long term activities by smaller groups of people and 

could also have been a permanent ceremonial structure where many domestic activities occurred within 

the center (Greber 1979). This brings forth the question: what were the activities and purpose of the 

earthworks and mounds built by the Ohio Hopewell?  

The Ohio Hopewell are known primarily for the complexity of their earthworks and some have 

tried to measure the effort or energy that is required to build these ceremonial centers (Bernardini 2004; 

Erasmus 1965). The number of inhabitants involved in the construction are not visible in the 

archaeological record and a requirement of a large scale network of workers could be needed for some of 

these earthworks (Lynott 2014:69-70). It was once thought that these earthworks were built by large 
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sedentary communities (Morgan 1881) but this is no longer the popular belief (Lynott 2014:28). It is 

possible that smaller communities can still gather mass quantities of exotic goods or items over time 

(Spielman 2002, 2009). An example of this is the Chachi of coastal Ecuador, who have built earthen 

ceremonial centers during seasonal gatherings (DeBoer 1997). The seasonal gatherings of local 

communities, or pilgrims, giving work as a form of payment for the overall society could explain how 

some of these grand works were built (Mainfort 2013; Lepper 2006). But archaeologists should be careful 

when calculating the work and energy required for earthworks because we do not know for certain how 

long the construction of these monuments occurred, nor the methods taken to complete the work (Lynott 

2014:247).  

Many early settlers and archaeologists believed that some of these earthworks were made for the 

purpose of defense, referring to them as “forts” (Moorehead 1890; Silverberg 1968). Later, many 

archaeologists believed that these earthworks were more likely to have been ceremonial gathering places, 

or possibly places where exotic goods were exchanged (Buikstra et al. 1998). It is also possible that some 

earthworks were built with a celestial alignment, or were aligned with another earthwork center (DeBoer 

2010; Hively and Horn 1982, 1994; Romain 2000, 2004). Symbolic geometry is another explanation 

behind the possibilities of how and why the earthworks were constructed. Some have said that certain 

symbols, such as circles and squares, may have symbolized astronomical objects or events (Byers 2004; 

Romain 1992, 2000, 2004).  

 These earthworks were not hastily built, as there was a significant amount of planning and 

preparation done before any construction. James Marshall (1969, 1978, 1980, 1996) has written about the 

planning of these earthworks and describes the Hopewell as being masters of geometry, having their own 

standard unit of measure, and the possibility of that plans may have been used which could have been 

duplicated at other sites for a similar construction. Other types of site planning and preparation include 

soil stripping, forest clearing, and topsoil removal (Lynott 2014). There is also evidence for building up a 

foundation or surface for construction (Connolly 1996a; Riordan 2007). Even on the small scale, 

Hopewell floors show planning, as the topsoil is stripped to enable the harder subsoil to serve as the base, 
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while a more formal floor will be prepared with gravels, sand, and harder clays (Greber 1996). It is also 

possible that certain soils were specifically chosen for their color in the construction to have a symbolic 

effect (Charles 2012; Greber 1996; Lepper 1996) and that termination of structures considered to be 

ceremonial may have followed prescribed methods. Lynott (2014:224) discusses that no structure of 

which he was aware inside a ceremonial center or under a mound has been burned, for they all have been 

deconstructed. Riordan (2015a) states that in addition to the posts being pulled as part of site 

deconstruction at the Moorehead Circle at Fort Ancient, that a “termination rite” of gravel was placed 

over it, indicating a ritualized end to the site.  

 While the specific actions performed at these Hopewell ceremonial centers may be difficult to 

recover, this section has attempted to indicate some aspects of the professional debate that concerning the 

Hopewell and the power of their ceremonial landscapes. The next part of this chapter will focus on the 

Fort Ancient State Memorial.  

 

Fort Ancient Earthworks 

Fort Ancient State Memorial (33WA2) is a hilltop enclosure located on a bluff 80 meters above 

the Little Miami River in Warren County, Ohio (see Figure 2.1). It is one of several hilltop enclosures 

within the Great and Little Miami watershed, and was a byproduct of the Hopewell of Southwestern Ohio 

during the Middle Woodland period. The multiple construction events at Fort Ancient date within the 

Middle Woodland period at 100 BC- AD 300 (Connolly 1996a). The hilltop is enclosed by 5.7 km of 

constructed embankment walls of earth and stone that range in height from 1.5 to 7 km and has around 70 

gateways, or breaks within the embankment (Mills 1920:5; Otto 2004:3).  

The hilltop enclosure is comprised of three distinct parts; the North Fort, South Fort, and Middle 

Fort. It is believed that the South Fort was the first to be constructed with the North Fort being a latter 

addition (Connolly 2004a, Moorehead 1890). The South Fort’s embankment walls are built on many of 

the natural landforms giving it its non-geometrical identity. The South Fort contains the “Great Gateway,” 

which is formed by two conical mounds with a ramp between them leading into the Middle Fort. The 
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Middle Fort is a narrow piece of land that connects the North and South Forts, with embankment walls 

lining its sides. It contains two crescent-shaped embankments that may have been used to channel people 

into the Great Gateway complex and the South Fort (Lynott 2014). The North Fort is larger than the other 

two enclosures. This area contains a crescent-shaped wall and four small mounds that are about 150-160 

meters apart, which form a nearly perfect square (Romain 2004). Just outside the gateway of the North 

Fort’s north-eastern side are the Twin Mounds and two parallel walls that extended 0.7 km northeast of 

the enclosure’s embankment walls (Connolly 1998). Fort Ancient also contains earthen mounds, stone 

circles, and limestone pavements. While the construction and prolonged use of the earthwork is 

considered to be attributed to the Middle Woodland period, there is also evidence of occupations by Late 

Prehistoric communities in the South Fort of the enclosure (Harper 2004).  

Research within the site has addressed multiple aspects such as the construction of mounds, 

embankment walls, and gateways (Connolly 1996a; McLauchlan 2003; Moorehead 1890). Maps of the 

site started being made in the early 1800s (Sunderhaus 2004: Table 3.1). Warren K. Moorehead was the 

first archaeological investigator of Fort Ancient to put forth effort to learn the intimate details of the site. 

Moorehead’s view of Fort Ancient was that it was more of a defensive “fort” than a ceremonial center. He 

stated “Tribes that lived within a radius of 50 miles probably flocked here, in case of an enemy invading 

their territories” (Moorehead 1890:111). There was not much that Moorehead did not investigate at Fort 

Ancient. Martha Otto (2004) gives an efficient summary of Moorehead’s work: 

In the ensuing years he spent considerable time, much at his own expense, investigating various 

sections of walls, the small mounds within the enclosure, a cemetery and habitation area in the 

South Fort, several of the ‘moats,’ the Twin mounds at the head of the parallel wall, the pavement 

between the parallel walls, the low mound at the end of the parallel walls, burials on the artificial 

terraces on the slope below the enclosure, and the site in the valley along the Little Miami River, 

now known as the Anderson Village Site. [Otto 2004:5] 

 

 

Moorehead’s excavations and publications (1890, 1908) have been very influential to the work at Fort 

Ancient, and were instrumental in ensuring state protection for the site (Otto 2004:5-7). While some may 

debate the appropriateness of his work methods, he was definitely a steward for the site and set the stage 

for the archaeological work that is still being completed to this day.  
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 William C. Mills completed limited excavations within Fort Ancient on some stone circles, stone 

pavements, and mounds according to Otto (2004) through his 1908 field notes. Mills later provided the 

Map and Guide to Ft. Ancient in 1920, a guidebook to the earthwork with a lot of detailed information 

and photos to educate the public about Fort Ancient. Clifford Anderson is another person who worked at 

Fort Ancient around this period. He was a visitor to the site in the early 20th century but did his 

excavations in the 1920s and 30s focusing on burials and refuse pits in a nearby prehistoric village to Fort 

Ancient (Otto 2004). The Civilian Conservation Corps (CCC) also had an impact on Fort Ancient in the 

1930s. The CCC workers lived in barracks in the South Fort and did a lot to try to improve the site. They 

restored some portions of the earthworks and attempted to fix issues with erosion. The CCC also 

improved general aspects of the site for future preservation work and to make the park more presentable 

to the general public (Otto 2004).  

 In the late 19th and early 20th century, Fort Ancient was generally considered to be a defensive 

center rather than a ceremonial monument, but this view started to change. In the late 1930s and early 

1940s, Richard Morgan excavated different areas within Fort Ancient and most notably he examined the 

embankment walls at Fort Ancient (Connolly 2004a; Otto 2004). He noticed a stratigraphy of soil colors 

and texture within the walls indicating that there were multiple stages to the construction (Connolly 

2004a:36). Morgan’s findings started to indicate that the site was more ceremonial in nature (Otto 2004). 

 In the 1980s, investigations of Fort Ancient by Patricia Essenpreis began. Essenpreis wanted to 

focus on the nature of the earthworks themselves, their possible astronomical alignments, and habitations 

that lay outside the embankments near the twin mounds (Otto 2004:11). She reopened Morgan’s trenches 

in the embankment and investigated the stratigraphy in the walls. She examined the stratigraphy and 

believed that the walls were most likely constructed in three stages (Connolly 1996a). Her work is 

described by Martha Otto: 

Her close observations of the various gateways and analysis of earlier excavations in several of 

them led her to develop a hierarchy of openings and a fuller understanding of the ways in which 

the Hopewell builders engineered access to the site from the valley below.[Otto 2004:11] 
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Essenpreis also investigated the possibility that the Hopewell tried to connect water from nearby creeks to 

the Twin Mounds. She also located and examined a habitation site east of the Twin Mounds which 

showed evidence that there were communities living at the ceremonial center, in contrast to some of the 

“Vacant Ceremonial Center Model” debate (Otto 2004).  

 Robert Connolly also completed excavations and analyses of Fort Ancient (Connolly 1996a, 

1996b, 2004a, 2004b). He worked with Essenpreis and Morgan’s data on embankment stratigraphy and 

completed his own analysis on the construction events behind the embankment walls. This work 

confirmed Essenpreis’ view on the Hopewell’s construction where planning became more standard over 

time (Connolly 1996a:269). The Hopewell were also found to have modified the plateau to fit the 

construction of different aspects of Fort Ancient ponds and drainage (Connolly 1996a, 1996b). He has 

also completed work that compares Fort Ancient to other earthworks to see if they are similar in their 

architecture, and he has tried to reconstruct the timeline of embankment wall construction at Fort Ancient 

using the South Fort as the starting area (Connolly 2004a, 2004b).  

 Work has also been done on the housing found on both the inside and outside of the embankment 

walls (Connolly 1996b; Cowen et al 2004; Lazazzera 2004). The house structures located inside the fort 

are near the current museum, in the area that was involved in the 1990 rebuilding of the museum and 

development of the water treatment access road area. The structures were found to be connected to 

Hopewell through both diagnostic artifacts and radiocarbon dating (Lazazzera 2004). Lazazzera presents 

a typology of structures at Fort Ancient: generalized domestic, specialized domestic, and specialized 

ceremonial. Generalized domestic structures are open or closed structures that have a variety of artifacts 

and features, typically considered as base camps or hamlets. Specialized domestic structures are larger 

structures, with specialized tools and a diverse faunal assemblage; these are seasonal camps or ritual 

camps. Specialized ceremonial structures are open structures that lack midden accumulation and have 

special features; these structures could be charnel houses, earthworks, or mortuary centers (Lazazzera 

2004: Table 7.2; Table 7.4). The structures on the interior are mostly generalized domestic structures. The 

structures found on the exterior of the fort and one of the areas from the interior along the east road were 
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specialized domestic. The only structure that Lazazzera found to be specialized ceremonial was one under 

the embankment wall (Lazazzera 2004:103).  

 There is also evidence that celestial alignments, geometry, and Hopewell astronomy were all a 

part of the ceremonial construction of the site. William Romain (2004) discusses the geometry of the 

mounds found in the North Fort that formed an almost perfect square. He also shows evidence for 

alignments throughout the site involving the summer solstice, and theorizes that the Hopewell “… 

provided the ritual participant with a culturally specific meaningful experience as he or she moved 

through the structure along a predetermined and symbolically charged landscape” (Romain 2004:82). It is 

also thought that some of the North Fort’s embankments have been built and modified specifically in 

planning of solar alignments. The alignments mark an interest in celestial observation, and also that the 

importance of them changed over the duration of the use of the earthwork (Connolly 2004a:49). 

 Fort Ancient is certainly a unique ceremonial earthwork constructed by the Ohio Hopewell. Its 

planning was well thought out when they decided to build the South Fort and continued through time as 

they constructed the Middle and North Fort. The interior and exterior structures of the site definitely 

provide data for the debates on earthwork settlement theories. The archaeological work at Fort Ancient 

has revealed new data for over a century. The site that will be the focus of this thesis will be discussed in 

the next section and is a ceremonial structure within Fort Ancient that is unlike anything anyone has 

investigated before.  

 

The Moorehead Circle 

 The focus of the investigation is the Moorehead Circle, a 60-meter diameter woodhenge in the 

North Fort portion of the Fort Ancient Earthwork. Robert Riordan has conducted investigations of this 

site since 2006 with Wright State University’s Field School in Archaeology, and since in 2015 under the 

auspices of the Dayton Society of Natural History. There are a lot of questions about what happened at 

the Moorehead Circle during the temporal span of the Hopewell. The features here are unique in the area 
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of Hopewell constructions and architecture and there are many possibilities of what the Moorehead Circle 

represents. This section will discuss the previous work at the site and the evidence that has been revealed.  

 Fort Ancient State Memorial is owned by the State of Ohio and administrated by the Ohio History 

Connection (formally, the Ohio Historical Society). In 2005 they set out to control some erosion on the 

embankment walls of the earthwork. In the areas in the North Fort that were possible locations for the 

work they hired Jarrod Burks of Ohio Valley Archaeology Inc. to do the survey ahead of the construction. 

He collected electrical resistivity and magnetic gradient data (Burks 2006). In the field southwest of the 

four mounds he found what appeared to be a 60 meter diameter circular structure with a burned area in 

the center. With the significance and peculiarity of this feature, the Ohio Historical Society asked Robert 

Riordan to conduct investigations of this anomaly.  

 In 2006, Riordan started fieldwork at this site with Wright State University’s Field School in 

Archaeology. Riordan named the site the Moorehead Circle after the pioneering archaeologist at the Fort 

Ancient Earthworks, Warren K. Moorehead. Since the start of the investigation, Riordan has excavated 

multiple sections of this site (Figure 2.2), finding many interesting and previously unknown features 

within it. They discovered that post ring about 60 meters in diameter encircled the site. Evidence of three 

post rings were found on the east side of the Circle; on the western side of the Circle, at least two post 

rings were found with the possible elements of a third (Riordan 2015a).  

 In the center of the site there is a highly magnetic deposit, about four meters in diameter, of sterile 

red soil. This is known as The Central Feature (Figure 2.3). The reddish soil appears to have been burned, 

but there is no evidence of ash or charcoal within the soil in the deposit. This has caused some debate 

over exactly how the soil was cleaned and deposited. There are some broken ceramics that surround the 

red pit, predominantly on its southeastern side, within a larger pit (F131) surrounding the central feature 

filled with organically rich soil (Riordan 2014). Riordan (2013) suggests that this area is possibly the 

location of burning in the ritualistic activities that took place within the confines of the Circle.  

Remote sensing, both with resistivity and GPR, suggested the possibility that there was a 

structure adjacent to the Central Feature that has been the focus of the excavation the past few years; this 
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has been designated as the Central Structure (see Figure 2.2). Radiocarbon evidence suggests that Central 

Structure could have been built a century after the Central Feature (Riordan 2015b:74). Riordan believes 

this structure was about 12 x 15 meters and was possibly roofed, based on the depths of the postholes 

(Riordan 2015a). Multiple layers of thin bands of charcoal represent the dense stratigraphy of the Central 

Structure with the possibility of three superimposed floors. There is evidence of rebuilding, due to the 

location of a previous A horizon, and post features being associated with the lower and upper layers of the 

floor (Riordan 2014, 2015a, 2015b). A revised construction model for the Central Structure suggests that 

the lower level postholes represent a structure that was built on the original A horizon surface. This early 

structure was then dismantled, and the northwestern quadrant of the Morehead Circle was built up 

through the addition of deposited soil. A hole was cut into the added soil surface to where its lowest 

activity surface is called the “red floor”, and is covered by multiple layers of the dense stratigraphy of 

charcoal and soil. On the surface in this vicinity, of the highest archaeological stratum, is where a newer 

Central Structure was built, containing several large and deeply-set posts (Riordan 2016:66). This 

structure is where the main activity and purpose of the Circle is thought to have existed while everything 

else in the Circle possible was a secondary feature to the ritual.  

As mentioned above, recent discoveries have revealed a feature that resembles a basin within the 

Central Structure referred to as the “red floor”. The red floor is named for the mottled hues of red mixed 

with ash and charcoal flecks on a floor with a combination of soils: silty clay loam; clay loam; sandy clay; 

and sandy loam floors (Riordan 2016). The feature is irregularly shaped or preserved, possibly due to the 

destruction during later Central Structure constructions. The northwest border of this feature reveals the 

vertical curvature of the basin (Figure 2.4). The layers of charcoal, ash, and burned soil separated in the 

stratigraphy by layers of almost pure sand indicate multiple levels of construction and use. Numerous bits 

of burned bone have been found within the red floor. DNA testing of the bone is currently in progress, 

which will hopefully provide an identity of its origin. Riordan believes that although this feature may 

have been used to cook for large groups for feasting occasions, Riordan believes that it represents a 

facility to cremate bodies in a mortuary ritual (Riordan 2016:57).  
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 The Circle also had what appears to have been its formal entranceway, which will be referred to 

as the “Entrance” (Figure 2.5). This was discovered in GPR work completed in 2010 by Jarrod Burks 

(Riordan 2012). Excavation in 2012 revealed an area covered in limestone intricately placed together to 

form pavement. Two layers of pavement were found indicating a repaving episode at some point in time. 

This is the place where the Hopewell would presumably have entered the Circle, making their way across 

the 20 meter gap to the central feature (Riordan 2012, 2013, 2015b). Gravel trenches are also found 

within the Circle, especially in the area between the Entrance and the Central Feature. The trenches run 

east to west across the Circle on its grid-north side (Riordan 2012, 2015a). These trenches are filled with 

gravel, sand, and silty soils. Some trenches have been found with posthole features in them, but the 

function of the posts they held is unknown. The meaning of the pavement had been a mystery, but after 

Wright State University switched to semesters in 2013 the fieldwork started earlier in May rather than 

June, and it was found that the water table had not yet settled. This resulted in certain areas of the 

excavation being inundated with water in the spring, leading Riordan (2015a) to suggest the possibility of 

the purpose that the gravel trenches were for drainage during the non-summer months.  

 The ceremonial nature of the site may be apparent from the evidence of the care that went into 

dismantling the Moorehead Circle. There are many postholes found within the Circle, with an 

overwhelming majority of them having evidence that they were removed (Riordan 2015a). Some posts 

were found filled with limestone and even in a few cases capped or marked by large stones, possibly for 

later use (Riordan 2012, 2015a). The postholes of the Moorehead Circle are pulled posts compared to post 

molds (posts that rotted in place) indicate that the posts in them were intentionally removed, representing 

the dismantling the structure (2015a). There is also a layer of gravel that was purposely placed over the 

Central Feature, Central Structure, and entrance at its end of their use. Riordan (2015a) calls this part of a 

termination rite that would have taken much time and energy to accomplish, suggesting that the ritualistic 

nature of the site and its importance to the Hopewell and their ideology.  

 Riordan has also investigated the field that is adjacent to the southwest of the Circle. In 2008 he 

investigated an anomaly known as the “Oval,” which is about 100 meters west of the Moorehead Circle 



17 
 

(Riordan 2011a) (See Figure 2.6). It was discovered by Burks (2006) in the electrical resistivity data and 

he considered it a possible enclosure. The anomaly is an oval shaped feature with an opening to the 

southeast side with a centralized line in its center. Excavation revealed six postholes from the center line 

seen in the resistance data (Riordan 2011a). One radiocarbon date suggest that it is contemporaneous with 

the early use of the Moorehead Circle. Other units have been examined in the field between the Oval and 

the Moorehead Circle, 45 meters to the southwest of the Moorehead Circle (Figure 2.7). Unit 533N 834E 

revealed a burned feature, possible daub, FCR, cord marked/plain pottery sherds, ~200 thinning 

flakes/shatter, and 22 bladelets. Riordan believes that this area could have been an extension of the 

housing structures that Connolly (see Connolly 1996b, Cowen et al 2004, Lazazzera 2004) found within 

the Earthwork near the current museum (Riordan 2015b:105).  

 The Moorehead Circle reveals a significant amount of detail into the ceremonial aspect of the 

Fort Ancient Earthwork and the Hopewell who visited or occupied the site. There are still no definitive 

answers concerning what was going on at the Moorehead Circle, but the archaeological evidence is still 

accumulating and is being further investigated by Riordan and his volunteers.  

 

Phosphate and Magnetic Susceptibility Analysis 

 The interpretations of archeological work pertaining to architecture and areas of activity have 

predominantly revolved around that of physical evidence (e.g. artifacts and features) found through 

traditional methods of investigation. Soil chemistry and geophysical analysis can reveal many aspects 

hidden in these sites on the micro level that these traditional practices would not gather. Human activities 

affect soil, creating differences in the levels of phosphate and magnetic susceptibility. Soil phosphate is 

perhaps the first and still the best known soil chemistry method used to tease out areas of activity for 

archaeology (Holiday et al. 2010). As previously discussed by Nolan (2010:63-67, 2014:94-95; Roos and 

Nolan 2012:25-26), phosphate analysis for archaeological investigation in Ohio has been in use since 

Solecki’s 1951 analyses of the effectiveness of phosphate (Solecki 1951) and others have used phosphate 
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for the same investigative purpose and comparatively with geophysical surveys (Eidt 1973, 1977; 

Marwick 2005; Woods 1975, 1977). While some methodological problems with applying phosphate 

analysis to archaeology have been discussed (Skinner 1986), improvements in phosphate analysis has 

allowed for better applications and results (Terry et al. 2000). Nolan has successfully used phosphate and 

magnetic susceptibility to identify prehistoric activity areas within the Reinhardt Site (Nolan 2010; Roos 

and Nolan 2012). He also employed soil phosphate analysis at several sites in Indiana and Ohio, and his 

work includes one of the few (if not the only) applications of systematic soil analysis within a Hopewell 

ritual site (Nolan 2010; Roos and Nolan 2012). Nolan and Redmond (2015) have also successfully 

mapped prehistoric areas in cultivated fields in the southwestern Lake Erie Basin. These methods together 

allow investigators to view the intensity and duration of activities along with site formation processes 

within the soil (Nolan 2010).  

 Organic weathering and heat-induced magnetism (e.g., burning) affect the level of magnetic 

susceptibility within sediment (Tite and Mullins 1971). To analyze magnetic susceptibility, an artificial 

magnetic field is induced on a sample to measure its ability to conduct a current (Simpson et al. 2009). A 

systematic grid to measure magnetic susceptibility can then detect areas of firing and/or organic 

deposition (Oldfield and Crowther 2007). Systematic magnetic susceptibility survey reveals past human 

activity through measuring the levels of intensity of magnetism in the soil. A Bartington MS3 with MS2B 

lab sensor is used to record magnetic susceptibility by standardized mass per sample (Swihart and Nolan 

2013). Lab sensors can record multiple measurements in low frequency and high frequency readings. Low 

frequency readings will pick up on soils containing naturally occurring magnetic particles as well as 

superparamagnetic crystals which are caused by thermal or weathering activities. High frequency 

readings detect magnetic particles in the soil but lose the superparamagnetic crystals (Dearing 1999:46). 

Archaeological deposits are able to be found by comparing these two readings to see if the magnetism is 

naturally occurring or potentially altered by humans (Yerkes et al. 2007:854). A frequency dependent 

percentage of superparamagnetic crystals between 6-9 percent may indicate burning (Dearing 1999: 

Figure 2.4). Areas that are within this percentage range and contain higher levels of magnetic 
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susceptibility found through both the low and high frequency readings, may indicate that the cause of the 

magnetism is burning. Creating maps of the magnetism levels in these locations may also reveal areas 

other than places of intensive burnings. Middens or trash dumps located away from the burning location 

may be revealed that contain refuse from thermal activities, such as cooking or hearth cleaning (Cook and 

Burks 2011:151). It is also possible that some natural processes of soil formations, bacteria, or erosion 

can affect frequency dependence such as areas with hydric soils (Dearing 1999; Maher and Taylor 1988). 

 Phosphate is added to sediment through the decay of organic material (Roos and Nolan 2012). 

Natural deposits of phosphate are found in soil through seasonal vegetation decay and animal waste. 

Anthropogenic phosphate can be found through the deposition of human waste, refuse, bones, meat, wood 

ash, and discarded vegetation (Ullrich 2013:44). Animals and natural vegetation leave landscapes in a 

“natural blanket” in which the area has a predetermined phosphate pattern (Ullrich 2007:15). Human 

activity often changes this “Natural Blanket” and creates different patterns, because phosphate enrichment 

is relative to the intensity of an area’s use by humans (Marwick 2005:1359). As Marwick explains, 

“Phosphorous is a useful indicator of human occupation because it is contained in organic matter… [and] 

becomes enriched in the soil relative to carbon and nitrogen as organic matters decay” (Marwick 

2005:1359). Phosphorous bonds rapidly with the soil and this forms phosphate compounds that are 

relatively immobile (Eidt 1977:1328). While it is rare for phosphate to move horizontally in soil, plant 

growth can also cause a phosphate shadow to appear in the topsoil where the phosphate in the lower 

levels of soil percolate upwards through the uptake by roots (Ullrich 2013:44). Along with phosphate 

analysis, magnetic susceptibility can be used to identify areas of high organic deposition and when used 

together, they provide a good complementary picture because, unlike phosphate, magnetic susceptibility 

accounts for burned areas (Nolan 2014).  

Phosphate analysis can be used to identify a variety of features and spatial use of archaeological 

sites. Features such as middens or cooking/consumption areas tend to have higher levels of phosphate 

enrichment in the soil. Parnell (2001) has shown that areas of refuse, ceramic clusters, food preparation, 

and food consumption are commonly found in association with higher phosphate levels in the soil. 
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Similarly, areas identified with magnetic susceptibility including possible kilns, ovens, pits, and hearths 

were also found to contain higher levels of phosphate (Yerkes et al. 2007:865). Anthropogenic phosphate 

can also be used to determine boundaries, entryways, pathways, roads, and tracks. Parnell et al. suggest 

that the trajectory of human movement can be revealed through phosphate analysis. Parnell et al. analyzed 

phosphate levels within the soil of their excavation and compared them to the physical/traditional results 

of their site in El Salvador. They examined floor structures, pathways between buildings, agricultural 

fields, and religious centers. Pathways between structures had a lower level of phosphate when compared 

to their surroundings. This is indicative of areas being kept clean due to human movement (Parnell et al. 

2002: 36, 331, 336).  

 Detailed interpretations of these patterns has been completed by Johanna Ullrich (2007, 2013) in 

sites from Ireland and New York State using phosphate spot testing to describe how these activity areas 

and use of space would be viewed when plotted on a map. Activities within and around structures have 

specific patterns. The interior division of structures can be divided into four spatial categories: sleeping; 

storage; food preparation; and receiving/living areas (Ullrich 2013:48). Sleeping areas have little to no 

phosphate signatures and are often below the natural background levels as the areas were often cleaned 

regularly. Relative to the site, storage areas often have a mid-level range of phosphate over the entire 

storage area due to the areas not being cleared since when there were objects being stored. Food 

preparation and consumption areas have very high phosphate content in isolated peaks, sometimes around 

hearths, where the presence of ash or food debris were deposited on to the surface. Receiving/living areas 

are often relatively low in phosphate as they were regularly swept (Ullrich 2013:48). Ullrich studied a 

circular foundation on the Dun Kilmore headland where there was a clear division in the eastern and 

western half of the structure. The eastern half had high levels of phosphate and may have been associated 

with a hearth and food consumption, while the western half had little to no phosphate and may have been 

used for sleeping (Ullrich 2013:48). Ullrich (2007) also investigated two pre- to proto-historic structures 

in western Ireland on the Achill Island. By using phosphate Ullrich discovered similar patterns among the 

two structures. Both structures had increased phosphate signatures on the western half of interior of the 
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structure directly across from the doorways. Since these roundhouses did not have openings in the roof to 

let out smoke, the signatures reveal that activities were likely taking place in these locations to allow light 

in through the door. The activity in the roundhouses is thought to be food processing related because high 

levels of phosphate were found; however the activity could also be craft preparation, or both. (Ullrich 

2007:168). The roundhouses also had higher phosphate signatures just north of the structures indicating 

possible middens. Only one suspected midden was investigated and it showed thin bands of garbage and 

waste deposition (Ullrich 2007:168). Gaps, void of phosphate around the walls, possibly indicate the type 

of roof attached to the structure as many Late Iron Age roundhouses had their roofs extending into the 

ground, which would affect the phosphate pattern (Ullrich 2007:115). House patterning in these two 

roundhouses show that the use of space can be interpreted through phosphate testing.  

 Structures were also identified at the Dun Bunnafahy promontory fort. Structures tend to have 

patterns exhibiting a varying amount of high and low phosphate concentrations clustered near each other 

(Ullrich 2013:49). Ullrich found an area with a mid-level amount of phosphate and two areas with higher 

increases of phosphate suggesting two structures (Ullrich 2013: Figure 4). Between these higher increases 

of phosphate there were decreased phosphate levels around 6-9 meters in diameter. Patterning indicated 

that one structure had remained swept with the higher levels of phosphate building up around the walls, 

and the other structure resembled patterning around a hearth (Ullrich 2013:49). Patterns of structural 

entryways or enclosures are created through the buildup of debris collecting against the exterior of the 

walls or on either side of a cleared entry. The patterns can flank the path where the structure is accessed 

or can occur as an isolated increase of phosphate directly beside the entrance (Ullrich 2013:49). 

Entryways have been identified within a circular earthwork in Hungary (Yerkes et al. 2007:865) and Dun 

Kilmore in Ireland (Ullrich 2013:49). 

 Other interpretive patterns include middens, boundaries, and pathways (Ullrich 2013). Locating 

middens using phosphate is one of the more popular uses of this technique in archaeology (Ullrich 

2013:50). Middens often appear as isolated peaks of high phosphate levels surrounded by valleys of lower 

levels. Research into phosphate patterning has more commonly found middens on the exterior of sites and 
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less commonly around structures (Yerkes et al. 2007:865). Boundaries such as gates, fences, or walls tend 

to have clear breaks between high and low levels of phosphate (Ullrich 2013:51). There is also Phosphate 

scatter, which are fall off zones around boundaries that have a moderate amount of phosphate between the 

high signatures and the unaffected land (Ullrich 2007:105). Areas of lower phosphate content that have 

random, isolated peaks of higher increases that can be linked in some trajectory indicate a pathway 

(Ullrich 2013:51-52). It is thought that organically enriched debris is often dropped or discarded along a 

central axis creating a pattern. The promontory fort of Gubadoon, Achill Island followed this pattern 

along topography that allowed the easiest path of movement between a complex and the tip of the 

headland (Ullrich 2013:52). 

 General patterns of phosphate analysis can reveal characteristics of human activity at 

archaeological sites. Low amounts of phosphate may indicate that the area being investigated is not a 

sedentary occupation. There is also evidence that phosphate can confirm or reject previous theories on 

specific site types. Promontory forts were considered settlement sites until phosphate revealed that they 

were not used on a regular basis, and in addition, enclosed ritual spaces have been confirmed by the 

absence of phosphate (Ullrich 2013:52-53). Activity and site use patterns can be identified using chemical 

and geothermal methods and they can now be used to try to interpret sites where their ceremonial 

meanings are unknown.  

 Using the patterns of activity as described above, archaeologists have the potential to examine 

ritual sites through soil chemistry. Some archaeologists have already attempted to tease out ritual 

information using chemistry for understanding activities that transpired in ceremonial centers. Ritual sites 

are often thought to have been cleaned and void of most material culture. The detection of the chemical 

residues can reveal the ritual practices of past cultures where they would normally go undetected in these 

unique areas (Holiday et al. 2010). Objects like flakes, wood, or bone could have been picked up or swept 

away and chemical residues left in the soil are what could tell the story of the site. On surfaces such as 

beaten or prepared floors, the residues tend to affect the chemical composition of the soil (Middleton et al. 

2010:186). Phosphate testing can also be used as a rapid inexpensive technique to reveal areas of activity 
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for analyzation of multiple elements or compounds using Gas Chromatography-Mass Spectrometry (GC-

MS) and/or Inductively Coupled Plasma-Optical Emission Spectrometry Analysis (ICP-OES) (Middleton 

2010). Spot testing with phosphate was used to determine ritual activities at the “House of the Eagles” 

structure in Templo Mayor, Mexico (Barba et al. 1996; Barba et al. 1997; Middleton et al. 2010). Rooms 

within the “House of the Eagles” structure were individually studied and the results were compared to the 

written records of the region. The amount of documentation surrounding the structure made the house a 

perfect testing site for this method and revealed where the priests worked and insight into their activities. 

(Middleton et al. 2010). Chemical spot tests were taken to pinpoint areas to be later analyzed by GC-MS. 

The areas with high value results were in front of the altars, braziers, and in the entrances where clay 

figures were represented; therefor the activity could be related to bloodletting or residue burning. The 

later GC-MS revealed that the material in front of the altar was due to the burning of copal and other 

residues (Barba et al. 1996). The “House of the Eagles” structure represents the notion that ritual activity 

may be revealed through soil analysis.  

 Anthony Adderley (1996) used phosphate analysis on a ceremonial Woodland site in the mid-90s. 

The investigation was at Fiddleback Mound at Mounds State Park (12M2; a.k.a. Anderson Mounds) in 

Indiana. Fiddleback mound is attributed to the Adena or Early Woodland period, although there is 

evidence of Hopewell within the confines of Mounds State Park. Adderley used ring chromatography 

field tests to determine areas of high to low enrichments of phosphate, and discovered areas of high 

enrichment on the central platform, in the ditch, and one on top of the central mound. Midden soils had 

been discovered in the central mound by previous excavations which explains the higher reading in that 

location. The increased phosphate readings on the central platform may indicate that activities were 

practiced upon it, while the ditch is somewhat unexplained. There was also a higher frequency of 

phosphate found towards the back of the mound rather than near the entrance, and Adderley suggests that 

this is possibly indicative of the activities taking place near the rear of the mound (Adderley 1996:6).  

Briefly, some issues with phosphate analysis should be addressed. A single chemical residue 

should not be associated with a single activity as it is possible that many activities may have happened 
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within that same location (Middleton et al. 2010). Traditional evidence should always be considered when 

examining the chemical for interpretation, because the chemical analysis is only one set of data alone, and 

while phosphate is an extremely good indicator of human activity, there are many ways that phosphate 

could enrich the soil; therefore other evidence is needed (Middleton et al. 2010). Some human activities 

do not leave any phosphate and caution should be taken to not rule out activity even though there is no 

phosphate evidence (Holiday et al. 2010). There has also been some negativity in the archaeological field 

as there are many methods of phosphate to use and some archaeologists have been, “accusing 

archaeologists of randomly choosing any one of literally dozens of phosphate methods for simple fishing 

expedition” (Holiday et al. 2010:176). Archaeologists must be able to reliably explain the activities they 

detect from the generated soil residues and, to do this, researchers should use some ethno-archaeological 

studies when available. Other studies such as Howey and O’Shea (2006) reveal techniques that 

archaeologists try when attempting to identify social or ritual aspects of the past without the use of 

ethnographic evidence. Howey and O’Shea examined the Missaukee earthworks in northern Michigan 

and compared it to the Midewiwin ritual, a ceremonial complex known throughout the Great Lakes 

region. The Missaukee earthworks date to around AD 1200 and they found that archaeology could 

determine evidence for patterning and repetition as it matched with the ethnohistoric data that came later. 

This study indicated that archaeology could independently reveal ritualistic activities and, while 

ethnohistoric records can help animate the broad picture, may not be required in order to identify such 

localities. 

 

Environmental Setting 

The land specifically surveyed for this thesis does not have much history of use or at least history 

that is written. The land may have been used for agriculture but the exact locations of this practice are 

unknown (Robert Riordan, personal communication, 2016). The only modern feature that has been found 
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within the Moorehead Circle is that of a small trench cut through the field for a historic water line. This 

modern feature is given the name F-193 on the site and it intersects the northern portion of the Circle.  

 The topography is relatively flat with a drop in elevation to the southwest of the Moorehead 

Circle and into the Southwest field (Figure 2.8). The soil within the area of investigation is within the 

Illinoian Till Plain Region of the Till Plains Section, Central Lowland Province and is considered to be in 

the Clermont-Rossmoyne-Avonburg-Cincinnati Region (Brockman 1998; Ohio DNR n.d.). The soils 

within the study area consist of two areas found in NRCS Soil Survey Staff 2013). The majority of the 

samples collected fall within the Westboro-Shaffer silt loams. These soils are somewhat poorly drained 

silt loam and silty clay loam with 0 to 2 percent slope. This area is not frequently flooded or known to 

have ponding. The depth to the water table is 15 to 46 cm and has a mean annual precipitation of 97-119 

cm with a frost free period of 170-200 days and would be considered prime farmland if drained (NRCS 

Soil Survey Staff 2013). The sample locations that fall within the Hickory-Fairmont complex are those 

closest to the ravine along the southwest perimeter of the Moorehead Circle: T8-10, 11; T9-6, 7, 8, 9, 10, 

11; T10-4, 5, 6. This soil is associated with an area of well-drained silt loam and clay loam with 25-50 

percent slope and pH around 5.1 (NRCS Soil Survey Staff 2013). The samples in this location are not on 

a 25-50 percent slope but the ground does start to get steeper towards the ravine. The majority of the 

samples were a silt loam or silty clay loam, with silty clay and clay more towards the Moorehead Circle. 

Inclusions such as charcoal gravel, and even lithic debris were found within the cores and noted. There 

were noticeably wet and inundated areas after rainfall and even, sometimes, days after. The wetter areas 

were mainly found where the topography drops off to the southwest of the Moorehead Circle.  
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Chapter III 

RESEARCH OBJECTIVES 

 It has been suggested that archaeology can now find evidence of ritualistic activities in the 

absence of relevant ethnographic and historical data (Howey and O’Shea 2006). Ritual activity itself is 

inherently structured and repetitive so it will leave some sort of trace within or on the ground (Howey and 

O’Shea 2006; Marcus 2007). The overall goal is to investigate the use of geochemical and geophysical 

methods of analysis to find the locations and types of activities that were happening within the ritualized 

area of the Moorehead Circle. This will be done using phosphate and magnetic susceptibility to discover 

areas of activity within the site and to aid in the understanding and knowledge of earthwork and 

ceremonial centers. Some of the research objectives of this thesis include: the assessment of the soils 

within the site, specifically phosphate signatures and magnetic susceptibility; how the phosphate and 

magnetic susceptibility relate to different activities and spatial distribution within the ritual site; and to 

identify certain locations and patterns to be used for future investigations.  

 One of the objectives of this thesis is to assess the chemical and geophysical signatures of the soil 

around the Moorhead Circle. The artifacts and features found within excavations of earthen enclosures 

may not reveal as much information as an archaeologist would like when it comes to social behaviors of 

the past. Often ceremonial sites produce minimal artifact assemblages, as the “vacant center debate” 

suggests that few activities will leave remnants of material culture within these areas (Dempsey 2006; 

Mainfort and Sullivan 1998). To accomplish the goal of finding the activity areas within and around the 

Moorehead Circle, I will explore the results of the phosphate and magnetic susceptibility levels. Specific 

locations of the rituals may be revealed where the repetitive behaviors created patterns and clusters of 

areas with increased levels of phosphate enrichment and magnetic susceptibility. Geochemical analyses 

may add more information and aid in the understanding of excavated sites. Hopewell activity patterns 

may be found through chemical material that is essentially invisible to the human eye. Phosphate is a 

valuable choice as the surveys can be done relatively quickly, cover a lot of surface area, and completed 
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at a low cost (Nolan 2014; Roos and Nolan 2012). Geophysical changes in the soil act similar to chemical 

signatures as they are sometimes invisible in excavations. It is also a method that can be collected in the 

same survey as phosphate and is also low cost. Through careful examination of the magnetic 

susceptibility of the soil it is possible to show areas of burning or organic deposition within the area. 

These two methods have yet to be completed at the Moorehead Circle making them a prime choices for 

chemical and geophysical analysis of the soil. Examining the results of each of these methods 

independent to one another will allow for interpretations of specific activities within the area of the 

Moorehead Circle.  

 Another objective is to analyze the phosphate and magnetic susceptibility data with all the other 

forms of information gathered at the site possibly revealing what specific ritual activities had taken place 

within the Moorehead Circle and how it was spatially distributed. The Moorehead Circle is a site that has 

been investigated since 2006 (Burks 2006, 2014; Riordan 2004, 2007, 2009, 2011a, 2011b, 2012, 2013, 

2014, 2015a, 2015b, 2016). The data that has already been gathered through Riordan’s field work and 

Burks’ survey will complement the results from this thesis. The unknown attributes of the Moorehead 

Circle have also made it a worthy site for the use of chemical and geophysical analysis as it will help with 

the interpretation of the ceremonial aspects of the site. Compared to excavation evidence, knowing the 

locations of the phosphate enriched areas could allow for an interpretation of the events that took place in 

those location (e.g. food preparation, mortuary practice, refuse deposits, etc.). It is also possible to see 

uses of the site including structures, pathways, and entrances. The movement of chemically enriched soil 

from areas such as refuse or burn pits may also show up in the chemical data. Comparing the magnetic 

susceptibility data with the phosphate results can reveal possible event associations where phosphate 

enriched materials were burned but relocated causing the phosphate to be deposited into the soil away 

from the burning location.  

 The last research objective involves the potential for future research. The chemical and 

geophysical archaeological survey process is comparatively quicker and much less destructive, allowing it 

to guide future inquiries (Middleton et al. 2010). Through pinpointing areas of activity archaeologists can 
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then form questions or further investigate the results of the survey. Anthropogenic phosphate is deposited 

in the soil through human activity, but that activity may not be clear enough for present day investigators. 

I employ a cost effective method that could be used to collect specific patterns and narrow down areas of 

activity allowing for different forms of investigation, either traditional or a more precise chemical 

analysis. Ullrich (2007:172) states that once phosphate becomes popular, a database may be formed that 

can compare common archaeological sites to one another and explore the organization of community 

space within related and non-related cultures. By figuring out certain patterns of Hopewell ritual sites I 

will aid in the future understanding of site functions and organization by adding to this theoretical 

database. Also, the results of a phosphate and magnetic susceptibility survey will allow the areas of 

interest to be further explored by excavation, further analysis of current data relating to the area, or even 

more specific or expensive soil analysis such as ICP or GC-MS. The objective is to find locations of high 

phosphate enrichment so future evidence may be examined with more specific chemicals in mind as a 

way to connect to the activity itself and narrow down the interpretation of the material and chemical 

results. While ceremonial centers may have been cleaned or swept, the intensive chemical analysis may 

reveal evidence of what was being deposited such as lipids or other residues. The potential to find these 

areas of activity within these ritual sites opens up the conversation for new interpretations while aiding 

the traditional and geophysical forms of data and surveys.  

 In short, the goal of this thesis is to find evidence for ritual activities within the Moorehead 

Circle. This is found through chemical and geophysical methods of analysis and phosphate and magnetic 

susceptibility were specifically chosen. Phosphate and magnetic susceptibility were chosen because 

neither had ever been employed at the site and also for the efficiency of coverage and low cost of 

analysis. The first objective is to analyze phosphate signatures and magnetic susceptibility of the soil 

around the Moorehead Circle. The next objective is to compare the two types of data to see what 

relationships exist that help interpret the nature of the ritual activity, possible structures, or entrances. The 

third objective is to find locations that are highly suspect for employing more expensive or future 

techniques that further narrow down activities that occurred within the Moorehead Circle.  
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CHAPTER IV 

METHODS 

Fieldwork 

 The fieldwork was completed as part of the Wright State University’s Field School in 

Archaeology in 2013. The field school excavated in the North Fort of Fort Ancient under Dr. Robert 

Riordan’s investigation of the Moorehead Circle.  

The methodology used to investigate the Moorehead Circle is a modified version of the field 

strategy previously employed by Nolan (2010; Roos and Nolan 2012). During the collection of the soil 

samples, a series of transects spaced 7.5 m apart with samples taken every 7.5 m in a staggered lattice grid 

was set across the entire site setting within an ~6400 m2 area surrounding the Moorehead Circle (Figure 

3.1). The grid is based off of the original grid set by Jarrod Burks working with The Ohio History 

Connection in 2005 and measured off a permanent datum at 520N 742E according to the site’s numbering 

system. A 200 m tape was used in conjunction with a brass surveying transit and compass tripod to layout 

a grid system for the collection points around the Moorehead Circle and in the southwestern field. The 

tools were also used as a check system to visually verify that we were still in line with the grid and at the 

right distance, as it was late summer when most of the collection took place and the vegetation was thick.  

The transects were labeled “T0” through “T10,” and an intermittent transect labeled “T4.5” was 

added through the center of the Moorehead Circle at 3.75 m in between transects 4 and 5. T4.5 was added 

as an additional transect because most of its line crossed sections that have never been excavated to add a 

little more detail to chemical and geophysical testing. Due to a high artifact density to the west of the 

Circle, found during archaeological testing in 2013, seven of the transects (1 through 7) continue further 

west in the field for an area of ~4500 m2 (Figure 3.1). The entirety of the Moorehead Circle was within 

the ~6400 m2 area with 11 points of data collected in each transect with the exception of Transect 10 

which terminated at the tree line at the edge of the ravine to the southwest of the Circle. Transects 1-7 



30 
 

resulted in different amounts of data collection points due to the terrain limits ending at the trees in the 

southwest Corner of the field (T1:23, T2:23, T3:24, T4:30, T5:29, T6:29, T7:29).  

A separate data collection point for the Central Feature soil was collected. Four samples were 

taken from unexcavated soil from under the backfilled feature. The location is known as “CF.” All the 

data points will be used for the maps in this thesis. The soil collected for the central feature were the last 

samples collected as part of this project. They were selected based on examination of past reports 

(Riordan 2009) and probing through the backfill to find sterile soil from the Central feature. The samples 

were taken from two locations about 50 cm apart. Samples CF-1 and CF-2 were taken from an area that 

was not heavily excavated and were used for mapping purposes. CF-1 was the upper portion of the 

sample from the probe at ~25 cmbs (centimeters below surface) and CF-2 was the lower portion of the 

core at ~30 cmbs. The other two samples were taken from about 50 cm southwest of the first sample. 

These samples were taken purely for the investigation of the central feature soil and not for the whole 

survey. CF-3 was a deep sample that was from around 60 cmbs and CF-4 was a sample from around 30 

cmbs. 

 It was considered to make different maps (one including T4.5 and one without) or to only use the 

maps without the Central Feature data point. The Central Feature deposit is included in the map of the 

phosphate and magnetic susceptibility as a way to incorporate this feature in its overall relation to the 

Moorehead Circle. Using all of the data within the two soil depths make sense as it allows for more 

information for the interpolations calculation, even though some of the data points are not within the 

original grid, having all the data that can be gathered is more beneficial. While being part of an ongoing 

excavation, some collection points were moved slightly when no location had acceptable proximity or 

were omitted when the original location for the point was obstructed. Obstructions are laid out in Table 

4.1 and include areas that had been disturbed with backfill soil.  

The offset grid increases the probability of locating targets smaller than the transect spacing 

(Banning 2002:89, Figures 9 and 15). Expanding beyond the focal area eliminates potential edge effects 

and simultaneously allows documentation of unexpected activity areas outside extant boundaries. 
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Samples were collected with a ~1 inch diameter Oakfield soil probe. The first ~5 cm of soil collected 

were discarded in order to eliminate modern effects of chemicals within the soil. Two ~10cm samples 

were also taken at each designated spot within the transect. Each location had its own record form that 

was filled out documenting the stratigraphy, soil texture, and Munsell color of the soil sample. This 

resulted in 238 total locations across the site. The first sample is ~5 to ~15 cmbs within the plow zone as 

this should be a homogenized zone of phosphate from the soil beneath. The second sample is a target area 

of ~25-35 cmbs determined by the current excavation as to the actual depth of where the original 

Hopewell activities may have taken place and where cultural material starts to be revealed on the site. 

While neither area is more important than the other, the two layers were nicknamed the “Plow Zone” and 

“Target Area”. The samples were bagged, labeled, and taken back to the lab at Wright State University. 

The sample bags were then opened and allowed to dry so as to not allow any moisture to gather to 

prohibit mold and fungi.  

 

Laboratory Analysis  

Analysis of phosphate, following Roos and Nolan (2012; see also Terry et al. 2000), uses a 

colorimetric method to measure extractable phosphorus. Soil samples were ground using a porcelain 

mortar and pestle and sieved through a 125 micrometer mesh for a fine fraction extraction of 2 g of soil. 

Phosphate is extracted using dilute Mehlich-2 solution and measured colorimetrically, using a Hach 

Pocket Colorimeter II, based on the reaction between extracted phosphate and a molybdate reagent. The 

measurements were taken twice, thus the average of the blank was subtracted from the average of the 

sample (mg/L) to calculate the phosphate concentration (mg/kg) according to the correct dilution factors 

(Terry et al. 2000:155). 

 Analysis of magnetic susceptibility was measured with a Bartington MS2B with MS3 laboratory 

meter which calculates the Low Frequency (LF), High Frequency (HF), and the Frequency Dependence 

(FD). A separate soil sample from the same location as the one used in the phosphate analysis was used 

for magnetic susceptibility. The samples were ground and passed through a 1 mm sieve. Magnetic 
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susceptibility measurements are standardized by sample weight. Three measurements for the HF and LF 

were taken of each sample and averaged to ensure accuracy of the readings then they were multiplied by 

10-8 m3/kg because of the small magnitude of the readings. FD was figured from the averages of the HF 

and LF using the formula:  

%FD = ((LF-HF)/LF)*100 

Certain circumstances caused a fourth reading to be taken of samples. This was usually due to errors in 

the MS readings that were visible in the data due to electrical interference or electronic fluctuations 

during the scan. This was noticed due to a reading being exceptionally different from the other 

measurements of the same sample or by having a negative frequency dependent percentage which is 

impossible. In the case of errors that were not noticed during the process, the average of the other two 

readings of the sample were taken. Due to the uniqueness of the four samples of the Central Feature soil, 

eighteen readings were run to have a reading with increased accuracy. 

Phosphate concentration and magnetic susceptibility values were then logged in GIS through the 

grid system which was overlaid into a base map containing Fort Ancient State Memorial. This map was 

used for interpolation and analysis in ArcMap 10.2, geostatistical analyst using the kriging model for 

spatial analysis.  

  



33 
 

CHAPTER V 

RESULTS 

 

 There were 238 locations in the field where soil samples were collected which resulted in 952 

individual samples ground and sieved for analysis. All of the collection results for each location and 

sample used for the mapping analysis are located in Table 5.1 and the general statistics for this data are 

shown in Table 5.2. The results presented below reveal how this land was utilized by the Hopewell nearly 

2000 years ago. The division of the samples must be noted for the organization of the results. Three 

sections will be discussed: The Central Feature, Upper Layer (Plow Zone), and Lower Layer (Target 

Area). The Central Feature had soil collected and analyzed for this thesis and has been included in some 

of the maps for the entire area. The Upper Layer at a depth of 5-15 cmbs was examined for anthropogenic 

phosphate following methods discussed by Roos and Nolan (2012). The Lower Layer, around 25-35 

cmbs, was chosen after discussion with Robert Riordan concerning the depth in the soil where prehistoric 

activity manifested throughout the site with intact deposits. All of the maps were created using ESRI 

ArcMap 10.2 Geostatistical Analyst. Following Nolan and Redman (2015), the maps are similar under a 

variety of models but the combination of transformation and semivariogram models that fit best with the 

data are presented here (Figures 5.1, 5.2, 5.3, 5.4, 5.5, 5.6, 5.7 and 5.8). The maps for both layers under 

phosphate and magnetic susceptibility can be seen in figures 5.9, 5.10, 5.11, 5.12, 5.13, 5.14, 5.15, and 

5.16. 

 

The Central Feature 

 These four samples of the Central Feature were collected for the purpose of understanding the 

exact nature of the feature’s soil. Three of the four samples had similar results for the phosphate analysis 

(See Table 5.3). CF-1 and CF-2, taken from the same location, were the only samples used within the 

maps for the phosphate results (Figure 5.9, 5.10). CF-1 and CF-2 had phosphate levels of 6.85 mg/kg and 

6.68 mg/kg, respectively. When added to the phosphate maps, the Central Feature does not seem to have 
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an effect on its surrounding area and it is slightly higher than average for the site. CF-3 from ~60 cmbs 

had a strikingly different reading at 11.08 mg/kg. CF-4 had a reading of 6.19 mg/kg which was closer to 

the first two samples from the Central Feature. 

Magnetic Susceptibility readings were analyzed with a Bartington MS2B with MS3 laboratory 

meter calculating the Low Frequency, High Frequency, and the Frequency Dependence. The Central 

Feature soil samples were run eighteen times to increase the accuracy of the results. The Central Feature 

samples CF-1 and CF-2 were treated the same as they were for the phosphate mapping because they were 

used as the Upper and Lower levels in the mapping process (Figure 5.9, 5.10, 5.11, 5.12, 5.13, 5.14, 5.15, 

and 5.16). The maps that include the Central Feature show that the soil is amongst the highest in low 

frequency and high frequency but about average in frequency dependence (see also Table 5.2). The 

averages of the feature’s soil are shown in Table 5.3. The numbers for all four samples appear to be 

similar in range of each other with LF 93.39 to 119.08 X * 10-8 m3/kg. The frequency dependence ranged 

from 9.43 percent to 11.33 percent with an average of 10.32 percent for the four samples. The high 

frequency dependence suggests that superparamagnetic grains are most, if not all, of the grains within 

these samples from the Central Feature.  

 

Upper Layer 

 The Moorehead Circle was mainly a silt loam at 10YR3/2 but towards the southwest field, the 

plow zone becomes shallower in certain areas and sometimes a clay or clay loam consistency. There were 

238 corresponding samples taken at a depth of 5 to 15 cmbs for the “Plow Zone” (Upper Layer). The 

Upper Layer phosphates resulted in relatively low values of 0.82 to 12.71 mg/kg with a mean of 3.67 

mg/kg with a skewness to the right (Table 5.2; Figure 5.17). Figure 5.9 shows the phosphate results 

within the survey area. The heaviest deposit of phosphate is just within the Moorehead Circle at the 

Entrance with a range from 4.699 to 5.431 mg/kg, and there is another spike within this range just 

southwest adjacent to the Central Feature (Figure 5.18). Other areas of increased phosphate include just 
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northeast on the outside of the Circle and an enriched area in the southwest field about 30 meters from the 

Moorehead Circle. Overall, lower areas of increased Phosphate are noted in the southwestern field in 

comparison to the Circle.  

 The MS data for low frequency numbers range from 7.28 to 130.05 X * 10-8 m3/kg with a mean 

of 27.83 X * 10-8 m3/kg and the high frequency numbers range 7 to 121.35 X * 10-8 m3/kg with a mean of 

26.25 X * 10-8 m3/kg; the statistics are skewed towards the right (Table 5.2; Figure 5.19, and 5.20). The 

maps for the low frequency and high frequency are similar in shape (Figure 5.3 and 5.4). According to 

these data sets, no activity is revealed in the southwest field. There is a higher spike in the data adjacent to 

the Central Feature just to the southwest, with a low frequency value of 89.491 to 102.42 X * 10-8 m3/kg, 

and there is also an increase in frequency slightly elongated from this area to the south side of the Circle 

near the Entrance (Figure 5.21). The rest of the soil seems to radiate out in decreasing values from the 

center of the Moorehead Circle (Figure 5.11 and 5.12). The frequency dependence for the area has a range 

of 0.96 percent to 12.26 percent with a mean of 5.5 percent (Table 5.2) with a distribution slightly skewed 

to the right (Figure 5.22). There are areas of increased frequency dependence throughout the entire survey 

area (Figure 5.15). Around the Central Feature there are ranges of about 7.397 percent to 11.620 percent. 

Percentages exist between 6.727 percent to 8.382 percent in the northern part of the Circle and some 

between 6.135 percent and 7.396 percent just outside the southern part of the Circle in front of the 

Entrance (Figure 5.23).  

  

Lower Layer 

 As with the Upper Layer, there were 238 corresponding samples taken at a depth of 25 to 35 

cmbs for the “Target Area” otherwise known as the Lower Layer. This layer was formulated to try to 

examine the original active surface of the Hopewell inhabitants of the site. These samples were more 

consistently silty clay loam or silty clay with a Munsell around 10YR 5/6. A couple of locations revealed 

hydric type soils such as T8-2. Occasionally, layered stratigraphy was visible in the samples within the 
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Moorehead Circle and sometimes gravel or ash too depending upon where the soil samples were taken. 

Clay was mainly found outside of the Circle, and hydric soils were sometimes found near the drainage 

areas southwest of the survey area long the ravine.  

 The Lower Level phosphate readings are significantly different than those of the Upper Level. 

The minimum level is 0.16 mg/kg but the maximum is 33.42 mg/kg which is a little more than twice the 

Upper Layer maximum. The mean is 3.75 mg/kg which is about the same as the Upper Level but the 

Lower Layer is more highly skewed to the right than the Upper Layer (Table 5.2; Figure 5.24). The map 

is obviously different than the Upper Level (Figure 5.10). The highest levels of phosphate are located in 

the northern portion of the Moorehead Circle. The levels range from about 4.198 to 6.147 mg/kg in the 

highest areas. The only area that contains similar levels of phosphate as the Upper Layer are the 

concentrations near the Central Structure and the area 30 meters from the southwest side of the Circle 

(Figure 5.25). The Moorehead Circle has elevated levels of phosphate in comparison to the areas around it 

and the levels decrease into the southwest field.  

 The magnetic susceptibility data for the Lower Layer is fairly similar to the Upper Layer numbers 

but slightly less enriched (Figure 5.13 and 5.14). The low frequency numbers range from 6.38 to 104.68 

X * 10-8 m3/kg with a mean of 26.45 X * 10-8 m3/kg and the high frequency range from 6.13 to 96.83 X * 

10-8 m3/kg with a mean of 24.66 X * 10-8 m3/kg (Table 5.2). Both the low and high frequency are skewed 

to the right (Figure 5.26 and 5.27). The maps are similar in both the high and low frequency with the 

highest levels centered just southwest adjacent to the Central Feature. The highest readings in the low 

frequency range from 71.460 to 82.646 X * 10-8 m3/kg and nearly the whole Circle is encompassed by the 

medium to high ranges of 41.726 to 82.646 X * 10-8 m3/kg (Figure 5.28). There is a sharp drop off outside 

of the Moorehead Circle, and it lightly picks back up in the southwest field.  

The frequency dependence for the Lower Level is certainly interesting (Figure 5.16). The values 

for the Lower Level frequency dependence range from 0.58 percent to 13.61percent with a mean of 6.75 

percent (Table 5.2). The skewness is relatively normal for the frequency dependence (Figure 5.29). There 

are significant spikes in data: south at the Entrance surrounding the southeastern edge of the Circle; the 
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northern quadrant of the Circle; and surprisingly there are high areas in the southwest field (Figure 5.30). 

The only areas that are somewhat similar to the Upper Layer frequency dependence are the Central 

Feature, the northern area of the Circle, and a few areas in the southwest field (Figure 5.31).  
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Chapter VI 

Discussion 

 

 The purpose of this thesis was to find correlations between ritual activity and chemical and 

geophysical analysis within a Middle Woodland ceremonial complex. The survey results revealed 

different clusters of phosphate enrichment in and around the Moorehead Circle along with magnetic 

susceptibility distributions throughout the entire site. While the levels of the magnetic susceptibility 

results are similar to other studies, the amount of phosphate within the earthwork was generally lower 

when compared to other sites (Nolan and Redmond 2015; Roos and Nolan 2012; Swihart and Nolan 

2014). Parnell (2001:22) discovered something similar when he surveyed an area in Guatemala. His levels 

of phosphate for the group he investigated had a narrow range of about 7 to 33 mg/kg P, and he was still 

able to accurately identify middens with this information. While Ohio is nothing like Guatemala, the low 

general levels of phosphate may show evidence for this area of the earthwork being unoccupied for most 

of the year and give credit to the vacant ceremonial center hypothesis. Humans deposit high levels of 

phosphate in every place they live and low levels may indicate non-sedentary occupations (Ullrich 

2013:52). This could indicate that the Moorehead Circle was not used intensively or on a regular basis 

and could give more evidence for the ceremonial purpose of the site. It is also possible that the people 

using the Moorehead Circle were very careful in the cleanup of materials that would leave phosphate 

signatures. The chemical and geo-physical signatures show possible access ways and boundaries to the 

site and may also reveal burning activities or deposits along with areas of organic preparation.  

This section will discuss the results and patterns from the two levels of investigation and attempt 

to describe the activities that took place within the Moorehead Circle. The Central Feature Soil will be 

discussed followed by specific areas of phosphate enrichment in each of the two layers of soil and their 

relation to the features within the Moorehead Circle. For ease of discussion, the phosphate analysis will 

follow an example from Ullrich (2007) and name specific areas of higher phosphate concentrations as 

“Concentration #”. This will make the comparisons to other anomalies easier to comprehend.  
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The Central Feature 

 The soil recovered from the central feature has always had some mystery to it. Some have said 

that it may have been soil that was brought into the Circle from an exotic location while it is more likely 

that it was burned in separate area, cleaned, and then deposited in the center of this ceremonial site. The 

soil is certainly important to the meaning of the ritualistic activity that occurred here, either actively used 

or ritually placed at the site’s end. The evidence found here says that the soil has about an average amount 

of phosphate relative to the site, and it has a low and high frequency with an average of around 10 percent 

frequency dependence (Table 5.3). The Central Feature is often near the location of higher magnetic 

readings in all of the magnetic susceptibility maps (Figures 6.1, 6.2, 6.3, 6.4, 6.5, and 6.6). While this 

most likely indicates that it was burned, the soil consists of very fine particles that could have given the 

frequency dependence reading a slightly higher result as it is out of the burning range identified with 

magnetic susceptibility (Dearing 1999: Figure 2.4). Further testing may be required for the analysis of this 

soil.  

 

Upper Layer 

 Time is certainly a factor in the two layers of soil collection. The Upper Layer results include the 

phosphate and geophysical signatures associated with the later use of the Moorehead Circle. This sample 

layer is 5-15 cmbs within the plow zone, which is above the locations of the visible features found in the 

excavation. Although all of the features (including the Central Feature, Central Structure, Entrance, and 

post ring) are revealed starting at about 20-30 cmbs, the plow zone is a shadow of the subsoil through the 

vertical phosphate uptake by root growth (Ullrich 2013:44). The buildup of phosphates at this layer have 

also potentially been displaced by plowing which creates a blurring effect allowing for a wider range 

distribution for detection of the features. The Upper Layer phosphate results reveal that activities were 

happening within the Moorehead Circle rather than in the rest of the survey area (Figure 5.9). The two 
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areas high in phosphate form rounded edges that appear circular in shape. When matched with an overlay 

of one of Riordan’s (2014) maps, the signatures fit within the Circle but are slightly off center, which 

could be due to the georeferencing errors or blurring of the data if plowing occurred (Figure 6.7). This 

could indicate that the boundaries of the Circle itself are being revealed within this data. Concentrated 

areas of phosphate enrichment will be used to guide this discussion on specific activities in the soil. There 

are three concentrations of phosphate that are important to the interpretation of the Upper Layer in the 

Moorehead Circle and are shown in Figure 6.8. Concentration 1 is located in the center of the Circle 

within the area of the Central Structure and near the Central Feature. Concentration 2 is at the edge of the 

southeast side of the Circle near the Entrance. Concentration 3 is located about 20 meters to the southwest 

of the Moorehead Circle.  

 Concentration 1 is most likely attributed to the Central Structure. The phosphate signature 

boundary seems to confirm Riordan’s interpretations of the Central Structure from excavations (Figure 

6.9). The phosphate signatures in this upper layer suggest that the structure was in use during the later 

occupation of the site and this also lines up with Riordan’s (2014:74) chronology of the Moorehead Circle 

in which the Central Structure was a later development. This area strongly represents the phosphate 

patterns found for structures as it is a relatively small location with increased phosphate signatures 

exhibiting higher and lower phosphate concentrations clustered near each other. There are no significantly 

decreased areas of low phosphate associated with the Central Structure but there are higher levels 

concentrated on the northern portion of Riordan’s interpretation of the structure (Feature 6.9). While the 

exact type of structure is unknown, the higher phosphate concentrations on the northern portion indicate 

that the activity happening in this part of the structure may be related to the red floor. The irregular shape 

of this basin is revealed through the phosphate deposition and, could be for cremations or feasting 

preparations.  

This concentration is also relatively magnetic according to the low and high frequencies which 

could confirm the intense heat of the feature (Figure 6.10 and 6.11). Phosphate concentrations are often 

found near hearths or burning locations and the high levels of magnetic susceptibility that match closely 



41 
 

with the Central Structure may be an indication of these activities within the basin. The burning in the 

southern portion of the Central Structure and the phosphate in the northern portion may give some 

indication of the division of space within the structure. However, the low frequency dependence 

percentages within the structure itself (Figure 6.12), indicates that these magnetic susceptibility readings 

are not the result of burning and instead are caused by natural magnetism, soil formation, or bacteria 

within the soil itself (Dearing 1999: Figure 2.2). This could be caused by the amount of sand and other 

larger grains within and around the red floor soil. It has been suggested that soils with larger grains may 

be identified through areas with low frequency readings of high magnetism combined with lower 

frequency dependent percentages (Dearing 1999:47; Dearing et. al 1996:239). These larger soil grains 

within the soil samples may be diluting the frequency dependent readings that would suggest burning. 

However, there is definite evidence of burning from the excavation. There are areas with burned soil, 

charcoal, and ash where it is possible that the scale of the survey may have missed these burned features 

within this area as the burned features are smaller than the 7.5 meter grid. The Central Feature’s close 

proximity to this concentration may be connected to the possible causes of the phosphate deposition, 

including mortuary ritual or ceremonial feasting. The low frequency readings and frequency dependence 

percentage are within the ranges of burning at the Central Feature, and phosphate is commonly found near 

hearths and burn pits: both activities that involve consumption or preparation.  

Concentration 2 is located near the Entrance (Figure 6.13). The Entrance is thought to be where 

the Hopewell entered the Moorehead Circle walking over the limestone pavement to reach the other 

features. Having two areas of higher phosphate connected by “scatter” could indicate a possible 

connection from Concentration 2 to Concentration 1 (Figure 6.14). However, the patterns here do not 

confirm the area being an entranceway and could indicate that an activity was happening much later in the 

use of the Moorhead Circle. If this data was showing the entrance to the Moorehead Circle, it is 

uncommon for there to be an area of increased phosphate immediately at the opening; entrances more 

commonly appear as an area of decreased phosphate between two areas of increased signatures. The 

phosphate patterns seem to follow the southern edge of the Moorehead Circle’s boundary and there is an 
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isolated peak just inside the opening in the post rings. This does not seem to be a pattern for a structure as 

it is a centralized area that has spread out which could be due to a blurring effect of certain organic 

deposits within the ground. The highest levels of phosphate are in the area adjacent to the northeast of the 

site’s suspected entryway and this lines up approximately with feature 396 (Riordan 2014). Feature 396 is 

thought to be a part of the eastern arm of the Entrance (Figure 6.15). Feature 396 is a larger feature that 

contained a post hole with artifacts including pottery and many bones within and surrounding the feature. 

This may explain the concentration of phosphate because midden-like features are in the area. It is 

possible that when the posts were deconstructed, the postholes were filled with soil containing organics 

resulting in the phosphate signatures blurring around the southern border of the post rings.  

There is also the possibility that another activity was occurring near the limestone. As Connolly 

(1996b:106) suggests, limestone may have been used for the production of materials as a way to have a 

base area that is easier to clean and the chemical residues may have been caught between the limestone. It 

may be possible that there is a heat-induced connection to the activity in the Entrance as well. There are 

areas that have higher levels of magnetic susceptibility to the west of Concentration 2 (Figure 6.16). 

Again, there are no percentages of frequency dependence that are within the burning range associated 

with Concentration 2 except for a couple of locations just outside the open post rings exterior at the 

opening (Dearing 1999: Figure 2.4) (Feature 6.17). The limestone seems to appear at around 30-35 cmbs 

which is much lower than these samples. The results of the Lower Layer, addressed later in the 

discussion, could confirm that the patterns between the layers are similar and that the limestone is an area 

of activity.  

Concentration 3 is located to the southwest of the Circle and is another area to examine (Figure 

6.18). It has an average phosphate reading for the survey but it is clustered away from the Moorehead 

Circle. The spike in the frequency dependent readings in this location is directly association with 

phosphate (Figure 6.19), however there is no increase in the low frequency magnetic susceptibility 

(Figure 6.20). In 2014 a unit was excavated near this concentration (Figure 6.21) which revealed a higher 

density of bladelets and other artifacts than had been found within the Moorehead Circle. There was an 
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intensive or persistent activity in this location which could have been some type of preparation area 

related to the structures near the current museum. This area could be independent from the Moorehead 

Circle, although it does not completely rule out an association, but the signatures are certainly isolated 

from the rest of the concentrations. There are also many random spikes in the frequency dependence 

throughout the southwest field which suggests that this may be a good area to investigate in future 

endeavors (Figure 6.22). 

The soil chronology of the Upper Layer suggests that these signatures are all related to the later 

use of the Moorehead Circle. There is evidence confirming the existence of a basin for burning within the 

central structure. It is possible that cremations were being processed in the Central Structure or possibly 

in a ceremony relating to the Central Feature. Ritual feasting may be another option because the signature 

patterns are similar to those of consumption and food preparation areas. Concentration 2 could be 

revealing the southern border of the Morehead Circle through a blurring effect of a buried organic 

deposit, and Concentration 3 seems to be an independent activity in the southwest field. Considering each 

of these independently can reveal: Concentration 1 is a burning location for mortuary practices or 

ceremonial feasting; Concentration 2 is most likely an area of increased phosphate resulting from midden 

type features or fills during the termination of the site; and Concentration 3 may be related to structures or 

production activities that are related to the housing investigated by Connolly in the 1990s. The 

interpretation presented here reveals how phosphate and magnetic susceptibility can be used to identify 

activities taking place in the Upper Layer soils of the Moorehead Circle.  

 

Lower Layer 

 The Lower Layer has some notable patterns in the phosphate and magnetic susceptibility data. 

This area represents a much earlier use of the Moorehead Circle as it does not pick up on any signatures 

from activity above 25-35 cmbs. The phosphate from the Lower Layer follows a different pattern than the 

Upper Layer which could be caused by the multiple reconstruction events and activities that occurred 
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between the two phases of the Central Structure development. Further analysis of the 10 cmbs not 

collected between the Upper and Lower Layers could shed more light on the transitional patterns. The 

different patterns could also be due to the lack of blurring from the buried deposits as they are too deep 

for the possible plowing within the area. Without the blurring and aggregation of phosphate through roots, 

the results of each sample would be an analysis of the exact sample spots taken every 7.5 meters. While 

the total boundary of the Circle is not apparent in this data, there is certainly something to note about the 

northern half of the Moorehead Circle (Figure 5.10). A closer look shows phosphate signatures being 

mostly contained within the boundaries of the Circle (Figure 6.23). The only areas that are similar are the 

increases in phosphate near the Central Structure and near Concentration 3 (Figure 6.24). The 

concentrations of phosphate in the Lower Layer are divided into two separate areas: Concentration 4 is 

located near the northern section of the Moorehead Circle post ring and Concentration 5 is just to the 

southwest of the Moorehead Circle (Figure 6.25).  

Concentration 4 is located near the northern half of the Moorehead Circle and is partially within 

the Central Structure (Figure 6.26). The northern edge of the Central Structure is intercepted by this high 

concentration of phosphate. This indicates that at an earlier time period, the Central Structure area was 

used for some activity. The phosphate signatures are located to the northern interior of the structure and 

also extend past the boundary towards the northeast suggesting that the activity here may predate the 

Central Structure. This occurred perhaps during or before the rebuilding of the final Central Structure 

phase and shows an area of processing for the red floor or basin, which may have already been in use. 

While it is partially connected to the Central Structure, the majority of this concentration stretches 

through the northern half of the Moorehead Circle and just east of the post ring. This concentration lines 

up closely with some of the frequency dependence at this lower layer (Figure 6.27). Burk’s (2006) 

electrical resistivity also identified this area and the suspected interpretation is that this anomaly is rebuilt 

earth (Figure 6.28). Soil may have been disturbed prehistorically in this area for rebuilding within the 

Moorehead Circle and the susceptibility readings are picking up on the deposition of this soil disturbance. 

The signatures could be soil disturbance from the rebuilding episodes of the northwestern quadrant of the 
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Circle and Central Structure where there is evidence of an original A horizon. The organics and soil 

deposited during this phase of reconstruction could account for the phosphate increases within this area. It 

is likely that the frequency dependent readings are due to soil formation processes or organic deposition 

since there are only moderate amplitude low frequency readings in this location (Feature 6.29).  

In relation to the Central Structure at this layer, the area has high levels of magnetic susceptibility 

that could indicate a burning association with this structure (Figure 6.30). But like the Upper Layer, there 

is an absence of frequency dependence percentages within the burning range at the Central Structure and 

towards the southern interior of the post ring of the Moorehead Circle (Figure 6.31). The low frequency 

dependence of about 2.362% to 6.175% follows the northern half of the Central Structure perfectly, while 

curving around the Central Feature and making a crescent with the southern edge of the post rings. The 

way the frequency dependence void follows the Central Structure and the southern border of the post ring 

indicates a direct connection with soil construction within the Moorehead Circle. This could be revealing 

the soil differences of the sandy floors in the Central Structure and the gravel bands within the Moorehead 

Circle. If the sandy/gravelly soil was brought up from the river, it could contain soil that is naturally 

magnetized through soil formation, bacteria, and/or a mixture of larger grains. The low frequency 

dependence is not due to any human involvement, but is due to the larger grains present in the sample, as 

soils with larger grains may be identified through areas with high magnetism and low frequency 

dependent percentages(Dearing 1999:47; Dearing et. al 1996:239). As with Concentration 1 in the Upper 

Layer, the low percentage of frequency dependence in this area could be caused by the larger grains of 

sand and gravel mixed in the soil matrix diluting the readings of the frequency dependent magnetic 

susceptibility, although the 1 mm sieve should have excluded the gravel. The larger grains likely come 

from the several layers of sand above the red floor and the bands of gravel trenches stretching from the 

east and west of the post perimeter.  

The pavement at the Entrance supports this claim as well by showing little frequency dependence 

within this area (Figure 6.31). This area also contains lower concentrations of phosphate heading out from 

the Entrance towards the Central Feature and Central Structure (Feature 6.32). This is completely 
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opposite of the phosphate readings of the Upper Layer suggesting that the limestone pavement was not 

used for preparation as discussed before and the readings of the Upper Layer are more likely that of 

blurring from the later deposits. The Lower Layer is much closer to the location of the limestone 

pavement and it represents more of an entryway pattern. This could be explained through the division of 

space, where the entrance to a structure is clear while the activities were taking place in the northern 

section of the Circle. There a potential pathway as indicated by lower levels of phosphate forming a slight 

valley or indentation with small random peaks of isolated increases of phosphate heading from the 

Entrance to the center of the Circle (Figure 6.33). A finer scale of a survey could give more evidence to 

the pathways or the possible effect of the gravel trenches in this area. 

There is a small area of increased phosphate near Concentration 4 that is worth mentioning. It is 

towards the ravine on the northwestern exterior of the post ring, which was also identified on the Upper 

Layer phosphate map (Figures 6.34 and 6.35). The higher level of phosphate in this area could represent 

some form of downslope disposal in association with this concentration. Disposal of materials downslope 

is known to create phosphate signatures similar to this because organic materials leave debris as they are 

discarded (Parnell 2001:22). The people at the Moorehead Circle may have wanted to keep the disposal 

away from the center of the site and they could have been tossing organic material downhill towards the 

ravine. 

Concentration 5 is in the southwest field away from the Moorehead Circle (Figure 6.36). This 

concentration overlaps the same area that Concentration 3 inhabited near the artifact dense southwest unit 

(Figure 6.37). Concentration 5 is higher in phosphate than the surrounding vicinity and also matches a 

higher frequency dependence concentration in this area (Figure 6.38). It is the only high concentration of 

phosphate not connected with the Moorehead Circle, and its relationship with the Upper Layer may 

indicate the existence of a structure independent of the Moorehead Circle. Unlike the Moorehead Circle, 

time does not change the patterns of the feature; as it seems to be a constant area of use from the earlier 

occupation to the later.  
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The Lower Level phosphate may be different to the Upper Layer due to the rebuilding and 

construction episodes of the Moorehead Circle. The methodology and depth may also be a reason for the 

difference as there is no blurring of the features present. The Lower Level is also from an earlier time 

period when the Central Structure may not have been constructed in its final location. Concentration 4 

still shows evidence of ritual activity near the Central Structure and possible downhill waste or runoff 

could be visible in the data. The Entrance resembles more of an entranceway to the site on the Lower 

Level as there is an absence of higher concentrations of phosphate within this area. There is also a 

possible path emanating from the suspected opening in the post rings. The phosphate and magnetic 

susceptibility found in the northern half of the Moorehead Circle could be from the rebuilding of the 

Central Structure or from the Moorehead Circle itself. Concentrations 3 and 5, southwest of the post ring, 

reveal evidence of some structure or activity in the field that possibly relates to a specialized production. 

This area is not affected by different constructions and shows one activity through time; therefore, it is 

more likely associated with something independent of the Moorehead Circle’s function. The Lower Level 

soils have different readings from the Upper Layer but they still reveal activity around the Central 

Structure area demonstrating that it may have been the focus of the site. The Lower Level is an indication 

of the Morehead Circle’s early stages and the Upper Layer likely represents the final stages and use of the 

ritualized space. 

 

Issues with Interpretation 

 There may be some issues with interpretations as discussed earlier (Middleton et al. 2010). 

Interpretations of this kind of work are highly subjective and one must take into account other evidence 

that may affect phosphate deposition and magnetic susceptibility interpretations including nature and 

modern day contaminates. 

 Although precautions were taken to control for these possibilities, they still may have occurred. 

The higher readings in concentration 2 in Figure (6.13) are near a small group of trees with a couple of 
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picnic tables nearby. The trees in the rest of the field seem to have had no effect on the readings. The 

deposition of the years’ foliage may have affected some levels within the soil but the top 5 cm were taken 

away to avoid any contamination as phosphate is rather immobile (Eidt 1977:1328) and does not 

commonly penetrate many layers of soils. The current excavation may have had some effect on the survey 

area but without more scientific study it is hard to say. These notations are always to be taken in 

consideration with results of phosphate analysis.  

 

Further Testing 

 Future tests may be possible to help identify some of the potential evidence for ritual activity 

presented here and to separate potential issues with the data. It would be highly informative to run tests 

such as GC-MS or ICP analysis on some of the soils within the site to identify their origin. I would begin 

with concentration 1, 2 and 4 in the areas of the Entrance and the Central Structure feature. Based off of 

Middleton et al. (2010), these areas would be strong candidates since they isolate higher concentrations of 

phosphate and the ritual aspect of the site could be narrowed down to whether or not mortuary or feasting 

activities were occurring. Concentrations 1, 2, and 4 also seem to play an integral part in the sites function 

and have a significant amount of information already recorded due to the excavations by Riordan. More 

intensive soil analysis would show the origin behind the phosphate signatures and a finer scale of 

investigation would improve interpretations. There is also a great deal of activity going in the north 

interior of the Circle at Concentration 4, and it would be interesting to see more information on what is 

causing the anomalies in frequency dependence and phosphate. Concentration 3 and 5 would be perfect 

places to try intensive soil analysis because of the phosphate signatures and associated bladelets in the 

general vicinity. 
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Chapter VII 

Conclusion 

 

The Ohio Hopewell’s ritual activities can only be displayed through archaeological evidence. 

There are no written histories or ethnographic works of their activities nearly 2000 years ago and there are 

no exact formulae on how to interpret Hopewellian ritual contexts. Phosphate and magnetic susceptibility 

can reveal ritualistic activities and use of space within Hopewell ceremonial sites. Phosphate analysis, 

working along with magnetic susceptibility, can act as a strong prospecting method for ceremonial sites 

and earthworks within the Middle Woodland Period by picking up the details that even physical surveys 

may miss; at the same time, like the scenario of this thesis, phosphate analysis and magnetic susceptibility 

can be used in tandem to support the research of known cultural sites. The geochemical and geophysical 

surveys can discover new activities and add to research of existing sites for a relatively low cost of 

fieldwork and analysis. Studies such as this may result in pinpointing areas, unknown and known, for 

further intensive investigations with methods of identification that may have been otherwise costly.  

The results of this thesis have revealed many new insights about the use of the Moorehead Circle. 

The division of space within the two layers reveal patterns of how the activities would have been 

practiced. The chronologically later focus of activity of the site seems to be near the Central Structure, 

specifically within the northern portion of the interior of the post Circle. It is likely that the structure was 

used for ritual activities. Possibilities for the function of the structure include ritualistic feasts or it could 

be some form of processing facility and preparation for the cremation of human remains. There is the 

potential of buried organic deposits being near the Entrance in the Upper Layer, and the smearing of the 

increased phosphate signature fits around the boundary of the southern portion of the post ring but this 

anomaly is mostly unexplained. Further analysis will identify which of these possibilities are correct 

within this ritual space.  

The Lower Level phosphate follows a different pattern of activities than the Upper Layer. This is 

closer to the original location of many of the features and is chronologically earlier in the use of the 
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Moorehead Circle. The Circle is divided by the north and south in this layer. Due to the lack of phosphate 

it is possible that the site was constructed to stay dry with the gravel trenches in the southern half and 

with evidence of there being a pathway from the Entrance. These would all be areas where people would 

traverse frequently keeping it relatively clean and the trench/pavement constructions would keep the area 

clear from mud and water. The original activities, preparation areas, and refuse would have stayed 

towards the northern section of the Circle away from the entrance with the possibility of depositing refuse 

down the ravine. There is also possible evidence of movement or redeposition of soil in the northern half 

of the Moorehead Circle. The evidence here may be revealing the traces left from the reconstruction 

episodes of the early and later Central Structure.  

In both layers the phosphate signatures seem restricted to the Moorehead Circle, other than 

Concentrations 3 and 5. This is evidence for the phosphate signatures within the Circle being valid for 

human activity as the signatures are not randomly distributed throughout the survey area. Direct 

correlations between the two layers include high levels of frequency dependence that appear throughout 

the field on both maps. While there are no increased levels of low and high frequency this could indicate 

that the frequency dependent results are showing soil processes such as erosion or hydric soils in these 

areas. Concentration 3 and 5 both appear on each level with correlating areas of phosphate and magnetic 

susceptibility. This is the only location where there is evidence for activity outside the Moorehead Circle 

and indicates an increase in a single persistent activity just to the west. The Central Feature exhibits 

similar evidence in all of the magnetic susceptibility maps, and as discussed above, the Central Structure 

exhibits evidence on both phosphate maps for biological processing/consumption in the northern interior. 

The two layers together represent new evidence and interpretations of the ritualized space within the 

Moorehead Circle.  

The evidence provided here adds to the narrative of Ohio Hopewell rituals and increases the 

amount of information regarding site patterns of archaeological phosphate signatures. As suggested by 

Ullrich (2007:172), once phosphate analysis becomes more prevalent for interpretations, a database may 

be created for the organization of community space for related and non-related sites for many different 
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cultures. This thesis research adds to known utilizations of phosphate for the interpretations of human 

activities within ritual spaces. Locations of increased phosphate enrichment have also been located to 

drive future research in gathering more precise information on the types of organic material deposited to 

further help in understanding the site.  

I have presented research that demonstrates the successful use of phosphate and magnetic 

susceptibility as a ritual indicator. The Moorehead Circle is a ritual space, not used on a regular basis or at 

least not intensively used, for the purpose of gathering within a specialized structure for either mortuary 

or feasting ceremonies. The phosphate and magnetic susceptibility analysis have shown where and what 

type of activities have taken place within the Moorehead Circle; new information has been added to the 

archaeological record for phosphate patterning and site dynamics. When more researchers begin to use 

phosphate analysis to interpret sites, they will strengthen the knowledge and patterns of human activity 

within ritual and ceremonial contexts.  
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Appendix A 

 

Tables 

 

 

Table 4.1: Sample Relocations 

 

Location Interruption Relocation 

T3-3 Backfill 1 m grid west 

T4-4 Backfill 1 m grid west 

T4-9 Backfill Omitted 

T6-6 Backfill 50cm grid 

west 

T7-7 Backfill 1 m grid west 

T8-4 Backfill 1 m grid 

south 

T8-5 Backfill 1m grid south 

T8-7 Backfill 1m grid south 
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Table 5.1 Soil Collection Data 

Sample 

Upper Level P 

mg/kg 

Lower 

Layer P 

mg/kg 

Upper 

Layer 

LF 

X*10E-8 

Lower 

Layer 

LF 

X*10E-8 

Upper 

Layer 

HF 

X*10E-8 

Lower 

Layer 

HF 

X*10E-8 

Upper 

Layer 

FD% 

Lower 

Layer 

FD% 

T0-1 1.47 2.45 9.91 14.43 9.62 13.78 2.93 4.48 

T0-2 3.4200001 3.91 10.42 14.34 10.03 13.49 3.74 5.93 

T0-3 1.47 6.68 14.64 17.15 14.07 16.33 3.92 4.78 

T0-4 2.45 1.96 19.42 26.6 18.73 26.12 3.57 1.82 

T0-5 2.1199999 4.73 31.62 29.74 29.32 27.74 7.27 6.72 

T0-6 0.98 1.79 44.79 35.52 41.96 33.11 6.33 6.78 

T0-7 2.28 4.4 21.88 25.64 20.71 23.58 5.33 8.03 

T0-8 2.1199999 1.79 26.33 29.77 24.75 27.6 6.01 7.29 

T0-9 1.96 3.91 24.16 29.7 22.45 27.55 7.09 7.24 

T0-10 6.0300002 1.63 14.42 14.76 13.75 13.74 4.65 6.89 

T0-11 1.3 3.1 11.65 13.1 11.12 12.45 4.55 4.99 

T1-1 6.0300002 3.1 11.55 12.31 11.25 11.74 2.65 4.68 

T1-2 4.2399998 3.42 20.14 16.73 19.14 15.89 3.69 5.04 

T1-3 4.73 2.12 13.94 16.59 13.31 15.63 4.52 5.77 

T1-4 3.75 3.75 16.52 21.37 15.78 19.59 4.48 8.33 

T1-5 3.9100001 3.1 52.13 25.23 49.03 21.79 5.94 13.61 

T1-6 5.8699999 2.93 44.79 36.08 41.94 32.97 6.36 8.62 

T1-7 4.0799999 2.77 60.1 46.41 56.76 42.61 5.56 8.18 

T1-8 3.26 3.26 50.24 35.58 47.08 32.57 6.28 8.46 

T1-9 1.96 1.79 20.79 20.38 19.72 18.76 5.15 7.95 

T1-10 2.45 2.28 14.67 19.45 14.03 17.99 4.36 7.51 

T1-11 2.9300001 2.28 10.97 12.95 10.52 12.1 4.13 6.54 

T1-12 2.28 1.63 10.42 14.78 10.03 13.85 3.77 6.29 

T1-13 4.4000001 2.77 10.15 12.31 9.61 11.56 5.32 6.09 

T1-14 1.96 2.12 10.44 15.84 9.76 14.48 6.48 8.57 

T1-15 3.26 2.28 12.27 28.87 11.57 27.2 5.7 5.8 

T1-16 2.1199999 2.28 10.75 11.42 10.05 10.79 6.51 5.52 

T1-17 2.45 1.96 10.77 11.02 10.08 10.33 6.44 6.26 

T1-18 1.47 0.98 11.36 12.84 10.69 12.03 5.95 6.31 

T1-19 2.6099999 1.96 7.91 11.06 7.73 10.55 2.23 4.61 

T1-20 2.1199999 2.28 7.62 8.58 7.19 8.32 5.56 3.11 

T1-21 5.8699999 1.47 9.21 9.92 8.63 9.67 6.37 2.52 

T1-22 3.75 3.1 12.98 14.71 12.45 13.84 4.08 5.96 

T1-23 1.14 2.28 9.07 10.21 8.7 9.82 4.08 3.82 
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Table 5.1: Soil Collection Data continued 

Sample 

Upper Level P 

mg/kg 

Lower 

Layer 

P 

mg/kg 

Upper 

Layer LF 

X*10E-8 

Lower 

Layer 

LF 

X*10E-

8 

Upper 

Layer 

HF 

X*10E-

8 

Lower 

Layer 

HF 

X*10E-

8 

Upper 

Layer 

FD% 

Lower 

Layer 

FD% 

T2-1 6.52 5.38 15.24 14.49 14.83 13.72 2.67 5.32 

T2-2 5.71 5.71 13.15 16.25 12.71 15.15 3.32 6.81 

T2-3 3.5899999 3.26 13.18 12.62 12.56 12.34 4.68 2.27 

T2-4 4.2399998 3.75 25.02 22.14 23.56 20.31 5.84 8.270001 

T2-5 7.3400002 6.52 41.69 30.61 38.93 28.06 6.6 8.33 

T2-6 12.71 5.05 35.97 26.94 35.51 24.65 1.27 8.51 

T2-7 5.71 2.77 70.32 56.24 65.28 51.64 7.18 8.17 

T2-8 7.1700001 2.45 67.68 45.4 62.71 41.46 7.35 8.69 

T2-9 4.8899999 3.75 49.85 42.98 46.71 39.56 6.29 7.96 

T2-10 3.5899999 1.79 23.16 29.47 21.79 27.11 5.9 8.01 

T2-11 5.2199998 1.3 11.47 13.32 11.22 12.74 2.12 4.33 

T2-12 3.26 1.63 9.770001 11.67 9.47 11.14 3.04 4.54 

T2-13 2.1199999 6.19 10.41 14.65 10 13.69 3.88 6.6 

T2-14 2.9300001 4.08 9.99 13.09 9.51 12.23 4.77 6.59 

T2-15 3.0999999 1.79 11.66 16.47 11.29 15.15 3.23 8.01 

T2-16 2.28 1.96 11.33 14.99 10.91 14.07 3.68 6.12 

T2-17 1.96 1.79 12.61 15.29 11.88 14.21 5.79 7.11 

T2-18 1.96 2.93 14.92 19.07 14.06 17.43 5.79 8.6 

T2-19 2.9300001 1.96 11.86 12.87 11.68 11.72 1.52 8.91 

T2-20 2.55 1.79 8.32 10.51 7.72 9.8 7.21 6.73 

T2-21 4.5599999 1.79 8.88 8.29 8.12 7.93 8.59 4.4 

T2-22 1.79 2.12 11.61 13.87 11.27 12.7 2.9 8.44 

T2-23 2.45 1.63 9.58 9.53 9.12 9.07 4.87 4.79 

 

 

 

  



65 
 

Table 5.1: Soil Collection Data continued 

Sample 

Upper Level P 

mg/kg 

Lower 

Layer P 

mg/kg 

Upper 

Layer 

LF 

X*10E-8 

Lower 

Layer 

LF 

X*10E-8 

Upper 

Layer 

HF 

X*10E-8 

Lower 

Layer 

HF 

X*10E-8 

Upper 

Layer 

FD% 

Lower 

Layer 

FD% 

T3-1 1.79 4.08 14.36 13.06 13.65 12.09 4.94 7.43 

T3-2 3.9100001 3.59 17.4 15.19 16.24 14.39 6.69 5.27 

T3-3 5.0500002 4.73 28.97 25.9 27.48 23.67 5.15 8.61 

T3-4 8.1499996 3.1 31.17 27.98 29.84 26.12 4.27 6.66 

T3-5 6.6799998 3.26 52.35 48.36 49.49 45.68 5.48 5.54 

T3-6 6.1900001 2.61 80.77 83.9 76.46 80.17 5.34 4.45 

T3-7 3.9100001 5.05 100.8 62.52 96.06 58.81 4.7 5.94 

T3-8 7.3400002 3.59 75.03 68.61 70.82 63.74 5.62 7.1 

T3-9 6.0300002 3.42 34.01 44.85 32 41.15 5.93 8.24 

T3-10 4.0799999 2.77 16.68 13.12 16.11 12.15 3.42 7.44 

T3-11 3.4200001 2.77 15.34 22.32 14.65 20.88 4.5 6.45 

T3-12 3.5899999 1.96 14.69 21.74 14.12 19.71 3.9 9.32 

T3-13 6.6799998 5.38 10.71 19.41 10.18 17.73 4.95 8.65 

T3-14 2.45 3.42 11 16.81 10.28 15.5 6.49 7.77 

T3-15 5.2199998 7.66 13.25 18.48 12.41 17.29 6.29 6.42 

T3-16 2.77 2.45 11.62 18.92 11.11 17.55 4.39 7.21 

T3-17 4.0799999 2.12 10.59 17.54 10.08 16.28 4.82 7.2 

T3-18 1.96 4.24 10.06 14.58 9.54 13.69 5.14 6.1 

T3-19 1.79 4.73 12.01 11.38 11.5 10.72 4.27 5.8 

T3-20 2.1199999 7.17 11.72 14.95 11.42 14.12 2.52 5.55 

T3-21 4.0799999 3.26 18.8 15.42 18.12 14.38 3.65 6.72 

T3-22 2.45 2.45 11.07 10.23 9.9 8.97 10.51 12.35 

T3-23 3.5899999 4.73 10.03 10.12 9.62 9.17 4.09 9.39 

T3-24 4.2399998 2.45 14.9 12.89 13.43 12.4 9.87 3.75 

T3-25 2.28 2.45 31.09 19.37 28.74 17.71 7.56 8.55 
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Table 5.1: Soil Collection Data continued 

Sample 

Upper Level P 

mg/kg 

Lower 

Layer P 

mg/kg 

Upper 

Layer 

LF 

X*10E-8 

Lower 

Layer 

LF 

X*10E-8 

Upper 

Layer 

HF 

X*10E-8 

Lower 

Layer 

HF 

X*10E-8 

Upper 

Layer 

FD% 

Lower 

Layer 

FD% 

T4-1 6.3600001 3.42 14.55 13.09 13.91 12.68 4.43 3.13 

T4-2 7.1700001 12.88 16.84 18.94 15.51 17.26 7.94 8.84 

T4-3 3.75 4.4 24.19 27.77 22.79 26.81 5.79 3.45 

T4-4 5.3800001 3.42 26.46 33.07 24.58 31.55 7.1 4.59 

T4-5 6.6799998 3.42 49 51.95 46.02 49.99 6.08 3.77 

T4-6 6.0300002 3.75 65.39 64.32 61.83 62.02 5.44 3.57 

T4-7 3.26 2.77 73.38 63.3 68.9 61.24 6.11 3.26 

T4-8 3.5899999 3.42 81.79 64.31 78.34 61.41 4.21 4.5 

T4-9 3.75 7.01 67.64 53.99 63.4 51.15 6.27 5.27 

T4-10 4.0799999 3.42 27.32 28.94 25.74 25.78 5.76 10.92 

T4-11 5.3800001 7.01 26.62 22.72 25.13 21.11 5.6 7.06 

T4-12 5.2199998 3.42 14.89 22.93 14.11 21.17 5.28 7.67 

T4-13 4.2399998 1.79 13.67 12.26 12.68 11.66 7.29 4.92 

T4-14 3.0999999 7.5 11.51 13.82 10.87 12.73 5.53 7.84 

T4-15 4.5599999 7.01 18.45 30.77 17.39 27.91 5.71 9.29 

T4-16 6.52 1.79 14.39 16.6 13.69 15.31 7.77 5.53 

T4-17 2.1199999 3.26 13.63 21.02 12.88 19.31 5.53 8.12 

T4-18 3.4200001 1.3 12.52 17.94 11.87 16.61 5.22 7.41 

T4-19 1.14 0.49 13.7 15.39 12.89 14.73 5.91 4.29 

T4-20 2.9300001 3.26 10.98 12.77 10.57 12.07 3.76 5.48 

T4-21 3.9100001 2.93 14.02 15.7 13.15 14.78 6.16 5.84 

T4-22 2.9300001 3.26 12.41 13.36 12.14 12.3 2.15 7.91 

T4-23 2.9300001 1.79 14.53 13.82 14.08 13.07 3.12 5.4 

T4-24 3.0999999 3.1 21.42 23.98 20.37 21.77 4.92 9.19 

T4-25 2.1199999 2.77 13.71 29.05 12.97 26.17 5.42 9.91 

T4-26 3.26 2.61 13.93 18.56 13.25 17.32 4.88 6.65 

T4-27 1.79 2.28 9.7 12.31 9.38 11.27 3.3 8.45 

T4-28 2.77 3.1 9.43 12.44 9.22 12.32 2.23 0.96 

T4-29 2.1199999 1.96 9.45 12.32 9.3 11.52 1.62 6.47 

T4-30 2.45 1.47 12.97 15.96 12.25 14.64 5.58 8.270001 
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Table 5.1: Soil Collection Data continued 

Sample 

Upper Level P 

mg/kg 

Lower 

Layer P 

mg/kg 

Upper 

Layer 

LF 

X*10E-8 

Lower 

Layer LF 

X*10E-8 

Upper 

Layer 

HF 

X*10E-8 

Lower 

Layer 

HF 

X*10E-8 

Upper 

Layer 

FD% 

Lower 

Layer 

FD% 

T5-1 5.2199998 5.22 17.3 15.9 16.18 14.62 6.49 8.09 

T5-2 3.0999999 7.34 16.91 19.06 16.29 17.36 3.63 8.92 

T5-3 2.45 4.24 28.96 19.47 27.59 17.99 4.72 7.62 

T5-4 3.75 6.19 60.25 52.17 57.66 48.4 4.29 7.23 

T5-5 2.45 2.61 67.17 57.73 63.55 54.25 5.4 6.02 

T5-6 4.0799999 8.48 99.25 101.03 93.68 94.24 5.61 6.72 

T5-7 2.6099999 3.59 86.09 84.54 82.84 81.04 3.78 4.14 

T5-8 2.9300001 2.93 89.29 81.81 85.74 79.61 3.98 2.68 

T5-9 3.5899999 3.1 91.14 76 82.96 71.11 8.97 6.43 

T5-10 2.45 4.73 21.97 16.22 21.27 15.04 3.19 7.24 

T5-11 3.4200001 4.4 10.71 9.770001 10.21 9.22 4.61 5.63 

T5-12 1.79 3.75 8.71 11.78 8.2 11.25 5.93 4.5 

T5-13 4.8899999 8.48 8.99 7.2 8.03 6.58 10.67 8.62 

T5-14 5.0500002 4.24 16.91 12.91 15.67 11.68 7.33 9.48 

T5-15 2.77 1.79 12.81 16.76 12.62 15.31 1.46 8.69 

T5-16 3.5899999 4.56 25.42 30.2 23.53 27.8 7.46 7.96 

T5-17 3.0999999 2.77 22.03 24.58 20.39 22.17 7.44 9.8 

T5-18 3.0999999 1.79 10.45 15.67 9.37 13.97 10.33 10.85 

T5-19 1.63 1.79 10.85 15.6 10.32 14.45 4.86 7.39 

T5-20 3.0999999 1.47 12.35 14.11 11.82 13.15 4.27 6.83 

T5-21 1.96 4.4 11.34 14.61 11.1 13.34 2.15 8.69 

T5-22 2.45 1.3 19.94 23.46 18.89 21.28 5.25 9.29 

T5-23 2.28 1.3 34.65 63.57 32.12 57.76 7.29 9.13 

T5-24 0.82 0.16 10.39 15.98 9.76 14.88 6.09 6.86 

T5-25 2.9300001 1.79 9.44 14.34 9.15 13.54 3.07 5.53 

T5-26 7.0100002 3.75 12.24 15.72 11.67 14.89 4.66 5.26 

T5-27 1.96 1.63 11.58 11.5 11.29 10.63 2.53 7.59 

T5-28 1.47 1.3 9.43 10.5 8.78 10.34 6.89 1.56 

T5-29 1.96 2.93 28.4 16.03 25.54 14.92 10.06 6.96 
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Table 5.1: Soil Collection Data continued 

Sample 

Upper Level P 

mg/kg 

Lower 

Layer P 

mg/kg 

Upper 

Layer 

LF 

X*10E-8 

Lower 

Layer 

LF 

X*10E-8 

Upper 

Layer 

HF 

X*10E-8 

Lower 

Layer 

HF 

X*10E-8 

Upper 

Layer 

FD% 

Lower 

Layer 

FD% 

T6-1 4.73 6.36 18.28 24.07 17.07 21.92 6.64 8.92 

T6-2 8.6400003 8.64 15.9 25.19 14.91 23.06 6.21 8.43 

T6-3 4.4000001 10.6 24.68 36.29 22.97 32.91 6.92 9.31 

T6-4 6.1900001 4.08 42.98 46.68 40.65 43.82 5.41 6.14 

T6-5 4.5599999 5.54 67.98 51.72 63.85 48.4 6.07 6.41 

T6-6 11.25 8.15 130.05 104.68 121.35 96.83 6.69 7.5 

T6-7 7.0100002 2.61 102.65 55.83 98.87 54.94 3.68 1.59 

T6-8 4.2399998 2.45 92.25 47.32 89.35 46.43 3.14 1.89 

T6-9 7.6599998 5.71 92.94 63.31 87.95 60.67 5.37 4.18 

T6-10 1.96 2.45 59.53 27.58 56.24 25.25 5.53 8.47 

T6-11 2.9300001 4.56 11.22 7.88 10.76 7.54 4.07 4.27 

T6-12 2.6600001 3.26 7.28 7.04 7.21 6.28 0.96 10.8 

T6-13 7.6599998 5.22 8.81 9.61 7.73 9.13 12.26 4.96 

T6-14 4.2399998 2.77 8.68 8.2 8.33 7.87 4.03 4.1 

T6-15 1.96 2.12 8.03 8.23 7.51 7.74 6.51 5.95 

T6-16 2.1199999 3.1 14.41 11.06 13.43 10.59 6.82 4.22 

T6-17 1.96 1.47 27.23 27.85 25.35 25.29 6.88 9.17 

T6-18 1.3 1.14 26.39 20.29 23.84 18.68 9.68 7.93 

T6-19 2.28 4.56 17.64 32.85 16.54 29.93 6.2 8.87 

T6-20 2.28 5.22 15.16 13.62 14.47 12.7 4.53 6.75 

T6-21 5.2199998 2.12 13.08 22.35 12.4 20.43 5.25 8.56 

T6-22 2.9300001 3.91 17.28 33.69 16.14 30.86 6.63 8.4 

T6-23 1.96 0.98 11.18 18.28 10.75 17.01 3.82 6.93 

T6-24 1.96 1.3 10.47 16.14 9.78 15.03 6.59 6.9 

T6-25 1.63 6.19 10 21.76 9.71 19.57 2.9 10.06 

T6-26 3.0999999 2.45 14.58 24.18 13.6 22.12 6.72 8.520001 

T6-27 2.77 4.51 15.36 12.78 14.62 11.82 4.78 7.49 

T6-28 3.4200001 1.47 12.3 10.43 11.67 10.15 5.15 2.75 

T6-29 2.45 1.47 15.25 13.93 14.35 13.2 5.88 5.26 
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Table 5.1: Soil Collection Data continued 

Sample 

Upper Level P 

mg/kg 

Lower 

Layer P 

mg/kg 

Upper 

Layer 

LF 

X*10E-8 

Lower 

Layer 

LF 

X*10E-8 

Upper 

Layer 

HF 

X*10E-8 

Lower 

Layer 

HF 

X*10E-8 

Upper 

Layer 

FD% 

Lower 

Layer 

FD% 

T7-1 3.26 9.29 15.59 19.22 14.53 17.51 6.8 8.9 

T7-2 4.8899999 6.68 21.73 29.6 20.39 27.17 6.17 8.22 

T7-3 3.4200001 12.55 29.9 33.55 27.74 30.81 7.24 8.17 

T7-4 3.75 4.89 63.64 45.19 59.59 40.97 6.37 9.35 

T7-5 4.0799999 3.59 79.15 43.87 75.33 40.9 4.83 6.77 

T7-6 6.3600001 3.1 95.8 75.35 92.02 73.38 3.95 2.61 

T7-7 4.0799999 2.28 102.66 91.84 97.68 88.74 4.85 3.37 

T7-8 5.8699999 9.45 71.85 44.49 67.88 41.25 5.52 7.3 

T7-9 1.63 2.77 69.24 56.77 65 52.92 6.11 6.77 

T7-10 2.77 5.05 16.24 11.31 15.71 10.84 3.3 4.15 

T7-11 2.77 4.08 9.44 7.35 8.94 6.86 5.23 6.75 

T7-12 4.73 1.3 7.63 6.38 7 6.13 8.3 3.87 

T7-13 4.5599999 4.24 9.42 11.9 8.92 11.23 5.27 5.63 

T7-14 5.2199998 3.91 9.74 10.35 9.35 10.01 4 3.28 

T7-15 3.4200001 3.1 10.41 8.31 9.91 7.74 4.8 6.82 

T7-16 0.98 2.61 24.03 16.96 22.11 15.4 7.96 9.24 

T7-17 1.96 0.82 19.47 20.38 17.93 18.83 7.91 7.61 

T7-18 1.47 2.28 15.32 22.85 14.49 21.19 5.44 7.27 

T7-19 3.26 13.37 19.69 43.54 18.02 39.8 8.48 8.59 

T7-20 2.1199999 2.77 21.15 41.86 19.56 37.82 7.36 9.65 

T7-21 1.63 3.42 15.54 25.26 14.61 23.1 5.98 8.56 

T7-22 3.4200001 2.28 11.12 24.83 9.8 22.9 11.87 7.77 

T7-23 2.1199999 2.28 15.6 27.39 14.6 24.88 6.41 9.19 

T7-24 1.96 1.3 13.4 20.55 12.24 19.25 8.65 6.31 

T7-25 2.1199999 1.3 11.76 31.84 11.31 28.64 3.83 10.07 

T7-26 2.28 1.14 15.45 27.64 14.87 25.23 3.75 8.72 

T7-27 2.28 1.14 22.06 26.13 19.87 23.89 9.91 8.6 

T7-28 1.63 1.41 13.97 14.35 13.01 13.51 6.87 5.88 

T7-29 2.1199999 1.3 15.19 12.81 14.17 11.15 6.74 12.93 
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Table 5.1: Soil Collection Data continued 

Sample 

Upper Level P 

mg/kg 

Lower 

Layer P 

mg/kg 

Upper 

Layer 

LF 

X*10E-8 

Lower 

Layer 

LF 

X*10E-8 

Upper 

Layer 

HF 

X*10E-8 

Lower 

Layer 

HF 

X*10E-8 

Upper 

Layer 

FD% 

Lower 

Layer 

FD% 

T8-1 4.5599999 4.56 8.99 11.68 8.3 11.2 7.77 4.17 

T8-2 2.6099999 4.73 18.73 14.56 17.66 13.21 5.71 9.25 

T8-3 7.5 6.19 27.61 32.01 25.43 29.18 7.91 8.84 

T8-4 3.4200001 8.31 27.5 42.31 25.22 38.55 8.3 8.89 

T8-5 2.45 3.26 67.19 41.35 63.2 38.29 5.94 7.4 

T8-6 5.54 6.68 59.96 57.91 57.46 54.13 4.16 6.53 

T8-7 6.1900001 3.91 61.66 42.92 57.97 40.14 5.99 6.46 

T8-8 4.8899999 33.42 64.23 80.91 59.56 73.45 7.27 9.22 

T8-9 2.45 2.61 39.72 23.63 38.13 22.08 4.02 6.57 

T8-10 5.2199998 3.91 18.61 9.17 18.1 8.79 2.72 4.18 

T8-11 3.0999999 1.96 10.86 7.64 10.33 7.41 4.85 3.05 

T9-1 2.9300001 1.79 12.97 7.5 12.2 7.09 5.96 5.55 

T9-2 3.4200001 1.47 14.11 9.76 13.43 9.14 4.82 6.35 

T9-3 2.6099999 2.45 32.46 17.99 29.94 16.11 7.76 10.45 

T9-4 4.0799999 22.33 54.3 49.29 50.78 44.6 6.47 9.51 

T9-5 6.52 6.85 56.05 40.31 52.12 36.51 7.01 9.43 

T9-6 5.2199998 7.99 60.53 39.03 56.18 34.97 7.2 10.4 

T9-7 6.3600001 5.54 62.48 41.51 57.75 37.73 7.57 9.11 

T9-8 2.77 3.59 31.48 17.3 29.15 16.12 6.24 6.8 

T9-9 1.47 1.96 11.67 9.73 11.01 8.97 5.65 7.75 

T9-10 3.9100001 3.26 8.96 7.74 8.4 7.25 6.25 6.37 

T9-11 2.45 2.12 10.16 14.64 9.34 13.58 8.04 7.22 
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Table 5.1: Soil Collection Data continued 

Sample 

Upper 

Level P 

mg/kg 

Lower 

Layer P 

mg/kg 

Upper 

Layer LF 

X*10E-8 

Lower 

Layer LF 

X*10E-8 

Upper 

Layer 

HF 

X*10E-8 

Lower 

Layer 

HF 

X*10E-8 

Upper 

Layer 

FD% 

Lower 

Layer 

FD% 

T10-1 4.08 9.62 9.87 9.18 9.13 9.13 7.53 0.58 

T10-2 2.93 4.08 10.6 8.26 10.21 8.13 3.68 1.49 

T10-3 4.08 1.47 11.93 6.94 11.36 6.69 4.72 3.6 

T10-4 3.42 2.12 12.8 15.35 12.23 14.72 4.45 4.13 

T10-5 3.59 2.77 30.56 12.56 29.09 11.86 4.81 5.57 

T10-6 4.08 3.42 26.53 12.71 25.49 12.19 3.91 4.12 

T4.5-1 3.91 3.1 11.7 16.21 11.05 15.16 5.58 6.46 

T4.5-2 4.08 6.03 19.31 22.95 18.17 21 5.94 8.48 

T4.5-3 3.75 3.59 20.55 23.81 19.25 21.58 6.34 9.38 

T4.5-4 3.42 1.3 36.52 56.75 34.43 53.68 5.72 5.4 

T4.5-5 2.28 1.63 66.74 58.84 62.94 55.46 5.7 5.74 

T4.5-6 4.89 2.12 56.87 62.73 54.45 60.11 4.27 4.18 

T4.5-7 4.4 1.3 91.1 67.8 86.02 65.76 5.58 3.01 

T4.5-8 4.24 1.63 85.87 72.48 81.99 69.02 4.52 4.78 

T4.5-10 6.36 3.26 78.31 28.43 74.67 26.55 4.65 6.59 

T4.5-11 2.93 1.79 14.72 16.7 14.11 15.22 4.1 8.82 

CF 6.85 6.68 102.87 93.39 92.4 83.78 10.23 10.3 
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Table 5.2: Soil Collection Statistics 

 

   

Upper Level 

mg/kg 

Lower 

Layer 

mg/kg 

Upper 

Layer LF 

X*10E-8 

Lower 

Layer 

X*10E-8 

Upper 

Layer 

HF 

X*10E-8 

Lower 

Layer 

HF 

X*10E-8 

Upper 

Layer 

FD% 

Lower 

Layer 

FD% 

Mean   3.669033598 3.748067 27.82538 26.44584 26.25088 24.65866 5.508655 6.751261 

Median   3.26 3.1 15.33 18.52 14.565 17.275 5.53 6.815 

Mode   1.96 1.79 10.42 12.31 13.43 26.12 4.27 6.72 

Std. deviation  1.806292423 3.166918 25.37739 19.80301 23.93693 18.64608 1.877763 2.232423 

Skewness  1.333408791 4.835215 1.671532 1.685428 1.678453 1.71886 0.51977 -0.2144 

Std. error of skewness 0.15778831 0.157788 0.157788 0.157788 0.157788 0.157788 0.157788 0.157788 

Kurtosis   2.959267526 36.877 1.907646 2.538384 1.91108 2.576234 1.049972 0.096695 

Std. error of kurtosis 0.31429746 0.314297 0.314297 0.314297 0.314297 0.314297 0.314297 0.314297 

Minimum   0.82 0.16 7.28 6.38 7 6.13 0.96 0.58 

Maximum  12.71 33.42 130.05 104.68 121.35 96.83 12.26 13.61 
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Table 5.3: Central Feature Soils Analysis Results. Note: MS are averages of the 18 readings for each 

sample. 

Central 

Feature Soil  

Depth Phosphate 

mg/kg 

Low Frequency 
X*10E-8  

High Frequency 
X*10E-8  

Frequency 

Dependence % 

CF-1 ~25 cmbs 6.85 102.87 92.40 10.23 

CF-2 ~30 cmbs 6.68 93.39 83.78 10.3 

CF-3 ~60 cmbs 11.8 111.16 101.04 9.43 

CF-4 ~30 cmbs 6.19 119.08 105.58 11.33 
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Appendix B 

Figures 

 

 

 

Figure 2.1: Fort Ancient Earthworks (Squier and Davis 1848)  
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Figure 2.2: Excavations at the Moorehead Circle as of 2013 (Riordan 2014). Note: grid north is not 

similar to that of magnetic north. The descriptions within this thesis will address the cardinal directions as 

magnetic north.  
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Figure 2.3: Central Feature (Photo courtesy of Robert Riordan) 
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Figure 2.4: Red line indicating the basin with a sand strata at its current surface (Photo courtesy of Robert 

Riordan) 
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Figure 2.5: Entrance Pavement 
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Figure 2.6: Moorehead Circle Features 

  



80 
 

 

Figure 2.7: Location of the 2x2 m southwest field unit  
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Figure 2.8: Location of the Survey Area on a portion of Oregonia, Ohio (1999), 7.5 minute USGS 

Topographic Quadrangles. 
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Figure 3.1: Sample collection locations 
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Figure 5.1: Upper Layer phosphate semivariogram, Normal score transform, Stable 

 

 

Figure 5.2: Lower Layer phosphate semivariogram, Normal score transform, Stable 
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Figure 5.3: Upper Layer low frequency semivariogram, Normal score transform, J-Bessel 

 

 

Figure 5.4: Upper Layer high frequency semivariogram, Normal Score transform, J-Bessel 
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Figure 5.5: Lower Layer low frequency semivariogram, Normal score transform, J-Bessel 

 

 

Figure 5.6: Lower Layer high frequency semivariogram, Normal score transform, J-Bessel 
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Figure 5.7: Upper Layer frequency dependence semivariogram, No transform, Stable 

 

 

Figure 5.8: Lower Layer frequency dependence semivariogram, No transform, Stable 
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Figure 5.9: Upper Layer Phosphate 
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Figure 5.10: Lower Layer Phosphate 
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Figure 5.11: Upper Layer low frequency map 
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Figure 5.12: Upper Layer high frequency map 
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Figure 5.13: Lower Layer low frequency map 
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Figure 5.14: Lower Layer high frequency map  
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Figure 5.15: Upper Layer Frequency dependence 
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Figure 5.16: Lower Layer frequency dependence 
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Figure 5.17: Upper Layer Phosphate Histogram 
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Figure 5.18: Phosphate results with Moorehead Circle features 
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Figure 5.19: Upper Layer low frequency histogram  
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Figure 5.20: Upper Layer high frequency histogram 
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Figure 5.21: Upper Layer Low frequency with Moorehead Circle features 

  



100 
 

 

Figure 5.22: Upper Layer frequency dependence histogram 
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Figure 5.23: Upper Layer frequency dependence with Moorehead Circle and Oval features  
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Figure 5.24: Lower Layer phosphate histogram  

Lower Layer Phosphate

Phosphate Levels mg/kg

[0.16; 2.377) [9.029; 11.247) [20.116; 22.333) [31.203; 33.42]

C
o

u
n

t

100

90

80

70

60

50

40

30

20

10

0



103 
 

 

 

Figure 5.25: Lower Layer phosphate with arrows indicating similar phosphate concentration locations to 

Upper Layer 
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Figure 5.26: Lower Layer low frequency histogram  
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Figure 5.27: Lower Layer high frequency histogram  
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Figure 5.28: Lower Layer low frequency with Moorehead Circle and Oval features 
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Figure 5.29: Lower Layer frequency dependence histogram  
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Figure 5.30: Lower Layer frequency dependence spikes 
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Figure 5.31: Areas within the Lower Layer frequency dependence that are slightly similar to the upper 

layer 
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Figure 6.1: Upper Layer low frequency Central Feature 
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Figure 6.2: Upper Layer high frequency Central Feature 
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Figure 6.3: Upper Layer frequency dependence Central Feature 
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Figure 6.4: Lower Layer low frequency Central Feature 
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Figure 6.5: Lower Layer high frequency Central Feature 
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Figure 6.6: Lower Level frequency dependence Central Feature 
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Figure 6.7: Upper Layer phosphate concentrations with Excavation overlay (excavation map courtesy of 

Robert Riordan) 
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Figure 6.8: Concentrations 1-3 with Moorehead Circle features 
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Figure 6.9: Concentration 1 with Central Structure 
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Figure 6.10: Concentration 1 with low frequency 
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Figure 6.11: Concentration 1 with high frequency 
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Figure 6.12: Phosphate Concentration 1 Upper Layer frequency dependence with the Central Structure 

and Central Feature 
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Figure 6.13: Concentration 2 near the Entrance 
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Figure 6.14: Scatter connecting the Central Feature and Entrance 
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Figure 6.15: Feature 396 location near Concentration 2 
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Figure 6.16: Concentration 2 with low frequency 
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Figure 6.17: Concentration 2 with frequency dependence 
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Figure 6.18: Concentration 3 
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Figure 6.19: Concentration 3 with frequency dependence 
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Figure 6.20: Concentration 3 with low frequency 
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Figure 6.21: Southwest field location with Concentration 3  
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Figure 6.22: Frequency dependence throughout the survey area 
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Figure 6.23: Lower Level phosphate with Moorehead Circle features 
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Figure 6.24: Lower Level phosphate in relation to Concentrations 1 and 3 from Upper Layer 
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Figure 6.25: Lower Level phosphate with Concentrations 4-5 
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Figure 6.26: Concentration 4 with Central Structure 
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Figure 6.27: Phosphate Concentration 5 paired with frequency dependence 
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Figure 6.28: Phosphate Concentration 5 and frequency dependence line up with Burk’s (2006) electrical 

resistivity anomaly 
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Figure 6.29: Lower Layer low frequency reading in relation to phosphate Concentration 4 
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Figure 6.30: Lower Level Central Structure low frequency 
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Figure 6.31: Central Structure inside a void of frequency dependence.  
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Figure 6.32: Lower Layer phosphate at the Entrance 
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Figure 6.33: Possible path through the Entrance in the Lower Layer phosphate results 
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Figure 6.34: The arrow points to the high concentration of phosphate heading down the ravine 
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Figure 6.35: Area of increased phosphate on the Upper Layer towards the ravine  
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Figure 6.36: Concentration 5 
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Figure 6.37: Concentration 3 and 5 comparison on the Lower Layer phosphate map 
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 Figure 6.38: Concentration 6 with frequency dependence in the Lower Level  

 

 

 


