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On October 8th and 9th and December 11th, 2014 a geophysical survey was 

conducted on two areas adjacent to McCoy Bridge in Macon County, North Carolina. 

The purpose of the survey was to identify a potential Cherokee Indian habitation site that 

may have existed in this location. This project was unique in that the geophysical survey 

maps were created prior to mechanical stripping and compared to feature locations 

created by archaeologists after the topsoil had been removed. Researchers were then able 

to accurately determine the ability of ground penetrating radar (GPR) and magnetic 

gradiometer to detect subsurface features within the cultural landscape that once existed 

at sites 31MA684, floodplain, and 31MA774, hilltop. The geophysical survey used a 400 

megahertz (MHz) GPR antenna and a Bartington fluxgate gradiometer; all data were 

collected at 50 cm transects. The geophysical survey successfully identified 

approximately 50 percent of the larger features. However, of the 402 features found by 

archaeologists, most (288) were small post holes. Coupled with the relative dielectric 

permittivity (RDP) of the site, identification of these features proved extremely difficult  

with the GPR. Additionally, the field in which the survey was conducted had years of 

documented plowing that created deep furrows, resulting in multiple GPR coupling 

errors. The negligible difference between the feature matrix and surrounding soil 

combined with the lack of burning also contributed to the inability of either the GPR or 

gradiometer to detect features. Possible solutions for a higher recovery rate would be to 



 

decrease the transect spacing and using a higher frequency antenna in conjunction with 

the 400 MHz antenna. 
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CHAPTER I 

INTRODUCTION 

Geophysical surveys using multiple geophysical tools allow geographers and 

cultural landscape archaeologists to discover and map subsurface features in ways not 

previously possible (Conyers 2004; Kvamme 2003, 2006). Typical archaeological survey 

practices consist of tedious shovel tests and surface collections which can become very 

expensive and time consuming. The benefits of conducting a geophysical survey before 

or in lieu of a full -scale excavation can give researchers a better understanding of where 

to focus research efforts before any excavation takes place. This has the potential to not 

only save time and money for both researchers and contractors of a project but also helps 

to preserve the cultural integrity of a site. 

A geophysical survey was conducted prior to mechanical stripping on two areas 

adjacent to McCoy Bridge in Macon County, NC (Figure 1) to look for any cultural 

remains that might exist and potentially be destroyed upon widening of the bridge. Field 

work for this project took place on the 8th and 9th of October and the 11th of December, 

2014. The site was located in the Appalachian summit region of western North Carolina 

(Figure 1). This area of North Carolina exhibits evidence of continued habitation from the 

Paleoindian to the historic period (Idol et al. 2017; Keel 1976; Rodning 2004; Ward and 

Davis 1999; Wetmore 2002). The survey consisted of using a ground penetrating radar 

(GPR) and magnetic gradiometer to collect all geophysical data. 
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The primary questions being investigated by UNCG and TRC archaelogoist: 

1. Will  this geophysical survey lead to a better understanding of the Qualla Cherokee 

landscape at these sites and the surrounding region? 

2. What is the relative effectiveness of ground penetrating radar and magnetic gradiometer 

in identifying the location of cultural features at these sites (31MA684 and 31MA774)? 

Additionally, researchers sought to ascertain: 

3. What challenges are associated with using geophysical equipment? 

4. Can a systematic soil sampling or ground-truthing/excavation at various feature 

locations help to refine the efficiency of the geophysical equipment? 

The second chapter of this thesis will  be a literature review which will  give a brief 

description of general geophysical survey methods, focusing on GPR and magnetic 

gradiometer. Three sites located within the Appalachian Summit region of North Carolina 

that utilized a GPR and a magnetic gradiometer survey will  be discussed in detail within 

this section as well. The third chapter will  provide a brief cultural and physical 

description of sites 31MA684 (floodplain) and 31MA774 (hilltop) and will  review the 

methods used both in the field and in the laboratory to collect and process all of the data. 

The fourth chapter will  present the field and laboratory results. This will  be followed by a 

discussion comparing the geophysical results with the mapped results of the cultural 

features found by TRC. The final section will  discuss the results and what they mean for 

the site as a whole and present the conclusion along with future research suggestions. 
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Figure 1. McCoy Bridge Geophysical Survey Grids with Topography 
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CHAPTER II 

LITERATURE REVIEW 

Many archaeologists have come to realize that to fully grasp a siteôs use and 

purpose, geophysical methods need to be incorporated into the survey process (Clay 

2001a; Kvamme 2003,2006; Leckebusch 2003; Bruseth, Pierson, and Johnson 2007; 

Hargrave, Britt, and Reynolds 2007; Perttula, Walker, and Schultz 2008; King et al 

2011). Conyers (2004:1) describes geophysics pertaining to archaeology as ñ...a method 

of data collection that allows field archaeologists to discover and map buried 

archaeological features in ways not possible using traditional field methods.ò 

Geophysical methods employ a multitude of tools to measure, actively or 

passively the featureôs physical and chemical properties of the subsurface that can then be 

mapped and measured (Kavamme 2003; Conyers 2012). Kvamme (2003: 435) argues that, 

éby placing focus on such buried features as dwellings, storage facilities, public 

structures, middens, fortifications, trails, or garden spaces that are not commonly 

revealed through most contemporary surface inspection methods, a richer view of 

archaeology, the past, and cultural landscapes can be achieved. 

He goes on to argue that the best way to view these features is through 

geophysical surveying by using such techniques as magnetic gradiometer, resistivity, 

electromagnetic conductivity and ground penetrating radar (GPR), to name a few. Of 

these technologies GPR and magnetometers configured as gradiometers are commonly 
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used in the archaeological field to aid in site interpretation prior to excavation (Conyers 

2012; Kavamme 2003; Moore 2009; Perttula, Schultz, Walker 2008). 

GPR is an active remote sensing method that transmits radio waves in the 

megahertz (MHz) or gigahertz (GHz) range into the ground from a single send/receive 

antenna or antenna pair. As the energy is transmitted through various materials and 

reflected back to the receiving antenna, signal velocity can be calculated and converted 

into depth of a buried feature/soil matrix. As the antenna is either pushed or pulled along 

transects in a georeferenced grid a two-dimensional vertical profile of radio waves is 

produced (Conyers 2004, 2012). For archaeological purposes, transects are usually 

spaced one half meter or less apart, depending on the frequency of the antenna in use. 

The signal transmitted from higher frequency antennas (900MHz) attenuates much faster 

than lower frequency antennas (200MHz); therefore, the target size and depth is always 

an important factor to take into consideration before conducting a survey (Conyers 2012). 

When the radar wavelengths encounter features (pits, walls surfaces, house floors), or soil 

changes that differ in their dielectric constant from the surrounding soil matrix, a portion 

of the energy is reflected back towards the receiving antenna where the amplitude (seen 

as a hyperbolic reflection) and time (in nano seconds) is recorded in the vertical profile 

(Conyers 2013). 

Most GPR antennas used for archaeological purposes produce frequencies that 

fall within the 200 to 900MHz range and can accurately detect features 1-3 meters below 

the surface; depending on the antenna (Conyers 2012; Wright 2014; Kvamme 2003). 

Additional factors that must be considered before choosing what type of antenna to use 
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are soil types, soil chemistry, hydrology and natural features such as rocks, tree roots, or 

animal burrows. The spatial distribution and type of cultural features that may be present 

must be considered as well. These factors can cause the antennaôs signal to attenuate and 

affect the quality of vertical profiles and depth slice maps that can be produced (Conyers 

2012; Kvamme 2003; Leckebusch 2003). When properly used GPRs can predict with 

relative accuracy where culturally significant features are located and at what depth 

(Kvamme 2003; Leckebusch 2003). It is the GPRôs ability to calculate depth that enables 

specialized software to create accurate three-dimensional data sets of subsurface features. 

Once exported to a Geographic Information System (GIS), other spatial information 

(elevation, slope, historic maps, total station data) can be combined to map and aid in 

geographical and cultural management (Leckebusch 2003; Turner, Stine, Lukas 2015). 

Magnetometers, often referred to as gradiometers, are passive sensors that are 

sensitive to objects and soils that contain iron and are capable of recording the strength of 

the earthôs magnetic field at a given time and place (Clay 2001a). Under the proper 

conditions, they are able to measure relatively small local variations in magnetism and 

distinguish buried objects and features as anomalies. These anomalies must differ in 

magnetic strength from the earthôs magnetic field in order to be óseenô by a 

magnetometer. Magnetic variation is recorded in units of nanoTeslas (nT) and is often 

restricted to +/- 100 nT range, but todayôs sensors are very sensitive and are capable of 

precision down to the .01 nT. Gradiometers can typically measure to roughly 2 m in 

depth, depending on the magnetic strength of the anomaly being observed (Clay 2001a). 
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There are many factors that contribute to variations in magnetism. Kvamme 

(2008) states that while there are natural causes for magnetic variations, there are certain 

anthropogenic processes that are unique to culturally significant sites and can be observed 

using a magnetometer. Heating or burning of features and objects (such as pits, posts, 

hearths, cooking pits, bricks, etc.), can cause what is known as thermoremnant 

magnetism. This is when iron oxide and other ferrous minerals contained in the soil or 

object is heated over its Curie Point and loses its magnetism. The magnetic domains then 

become aligned with the local magnetic field at the time of cooling (Aspinall, Gaffney, 

and Schmidt 2008). Waste heaps are another feature that can be observed with a 

magnetometer. Fermentation can occur due to microorganisms such as bacteria, yeast, 

and fungi can cause weakly magnetic minerals (ex. Hematite) to be converted to minerals 

with increased magnetic susceptibility (maghemite). However, this phenomenon is 

usually best observed with a magnetic susceptibility meter. Certain bacteria have also 

been recorded in abundance in decaying wooden posts. These bacteria have been found to 

create magnetic, micron sized, crystals within their bodies. Small signatures such as these 

can be recorded with a sensitive magnetometer. Back-filling  a ditch or hole can also 

result in an area of differing magnetic properties due to the topsoil having higher 

magnetic susceptibility than the surrounding subsoil (Aspinall, Gaffney, and Schmidt 

2008). 

There are multiple sensors and configurations used for magnetometry. This report 

focuses on the hand-held fluxgate gradiometer (Clay 2001a; Bruseth, Pierson, and 

Johnson 2007). A fluxgate gradiometer measures the difference in magnetism (measured 
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in nanotesla (nT)) between two vertically separated heads, usually a meter apart, that 

simultaneously records the earthôs magnetic field and local magnetic variation at the time 

of collection (Clay 2001a). The uppermost sensor records the earthôs magnetic field 

strength at the time of collection. While the bottom sensor is equally sensitive to the 

ambient magnetism, it will  also record any local influences, potentially identifying 

subsurface features of geographic and cultural interest. The difference results in positive 

and/or negative local contrasts (Clay 2001a; Turner, Stine, Lukas 2015). These contrasts 

appear as either dipole (both positive and negative peaks) or monopolar (either positive 

or negative peaks) anomalies in magnetic surveys (Hargrave, Britt, Reynolds 2007). 

Gradiometers are most often carried by an operator who walks along 

georeferenced survey transects, collecting data at a given number of samples per meter, 

also factoring in the operators walking speed (Turner, Stine, Lukas 2015). The data are 

viewed in specialized software that can produce an image/map with a grayscale; low to 

no local variation appearing as gray, positive variation appearing as black and negative 

variation appearing as white. Though the exact depths of features or objects cannot be 

ascertained, magnetometers can pick up small variations in magnetic fields that would 

otherwise be undetectable. The distribution of these local variations can often form 

patterns or shapes that are indicators of buried cultural or natural features (Clay 2001a; 

Turner, Stine, Lukas 2015). 

There are many publications that represent geophysical surveysô ability to map 

sub-surface cultural features with impressive clarity (Conyers 2012; Kvamme 2008; 

Sturm and Crown 2015; Whiting, McFarland and Hackenberger 2001). Often, however, 
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geophysical equipment can only give researchers a general idea of the feature of interest. 

Conyers (2012) discusses areas were projects did not go well or mistakes were made and 

Jensen (2003) has noted where traditional optical remote sensing has often been oversold 

as to its abilities. Issues can occur such as the signatures recorded by survey instruments 

may not have the same dimensions as the sub-surface feature which they represent. 

Additionally, buried features with weaker signatures can be masked if  there are objects 

with stronger signatures overlying them or in close proximity. Hargrave (2006) Conyers 

(2012) and Rogers et al. (2012) have noted that buried objects will  vary in intensity 

depending on the soil matrix and level of moisture; which can also mask features. 

Though these issues are certainly challenges, they are noted to inform the 

researcher that to truly understand a site ground-truthing is still a necessary task. A 

geophysical survey map, while highly effective at narrowing down the location of 

culturally significant features, should not be assumed to perfectly portray the features 

they represent (Hargrave 2006), and necessary steps need to be taken to optimize 

subsurface mapping efforts. 

Some of the uncertainty of geophysical surveys can be alleviated by using more 

than one instrument. Thus, the use of multiple instruments has become common practice 

and allowed researchers to discover and map subsurface features in ways not previously 

possible (Conyers 2004; Kvamme 2003, 2006; Stine and Stine 2013). While there are a 

wide variety of instruments capable of conducting a geophysical survey (e.g. resistivity, 

conductivity, magnetic susceptibility, aerial photography, multi spectral satellite 
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imagery), GPR and magnetic survey have become the most commonly used together as 

complementary methods (Patch and Lowry 2013; Stine and Stine 2013; Wright 2014). 

Three geophysical projects (Figure 2) that exhibit geographic and cultural 

similarities that are relevant to this research and have undergone extensive geophysical 

and archaeological investigations: Kituhwa mound (31SW2), village (31SW1) and 

surrounding sites, Garden Creek (31HW8), and the Berry Site (31BK22). Each is 

reviewed below, with several questions in mind: What is the relative effectiveness of 

GPR and magnetic gradiometer in identifying the location of cultural features at these 

sites? What information can the geophysical survey provide concerning the location and 

characteristics of subsurface features, and how useful are these techniques in guiding the 

data recovery process? Can ground-truthing/excavation at various feature locations help 

to refine the efficiency of the geophysical equipment? What challenges are associated 

with using these tools? 

The Berry site, known as Joara, was the central town of a Mississippian chiefdom 

that was located along the upper Catawba River in present day Burke County, North 

Carolina. This site was one of the largest late prehistoric sites in the upper Catawba 

valley with an example of a Mississippian mound, and one of the earliest European 

settlement in the interior of the present-day United States. In the 16th century the Spanish 

conducted expeditions to colonize parts of what was to be become the southeastern 

United States. One of these expeditions, led by Spanish Captain Juan Pardo, left present-

day Paris Island, South Carolina on December 1566 with orders to pacify the local 

Indians to claim the land for Spain and to find an overland route to central Mexico. In 
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January 1567 Captain Pardo reached the town of Joara and constructed Fort San Juan. 

The Pardo expedition constructed 5 other forts on his expedition across North Carolina 

and eastern Tennessee, though it was said he believed San Juan to be the most important. 

However, by May 1568, word had reached Spanish officials that all 6 forts had been 

attacked by the local Indians and been destroyed (Beck, Moore, Rodning 2006). 

In June of 1997 (Hargrove and Beck 2001) a magnetometer survey was 

conducted on a 0.9 acre section of the Berry site. A Geoscan FM fluxgate gradiometer 

was used to collect the data with readings taken every 25cm along transect spaced 50cm 

apart. The area chosen for survey was situated on a field that was used for corn 

cultivation and as such had been repeatedly plowed. Of interest to note is the authors did 

not mention any type of distortion or stripping effect caused by plowing scars that was 

reported by the authors of the next two studies. 

Over the course of the survey 5 large positive anomalies were detected with the 

magnetometer, indicating the presence of large cultural features. The anomalies were 

tested using an auger; with soil cores every meter along a grid. All  the samples had thick 

lenses of burned debris below the plow zone which confirmed that there were burned 

structures (Hargrove and Beck 2001). One of the structures, Anomaly 1, was described 

by Hargrove and Beck (2001:4) ñéin form and size it has a striking resemblance to the 

footprints of late prehistoric Pisgah phases houses of the Appalachian Summit area.ò 

Excavations the following spring were able to confirm that these were in-fact burned 

structures and likely associated with Fort San Juan (Hargrove and Beck 2001). An 

additional 4 hectare (ha) of the site was surveyed with a gradiometer. These results 
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revealed five burned structures along with a possible palisade (Beck, Moore and Rodning 

2006). 

The use of a gradiometer at the Berry site enabled researchers to identify and 

locate with a high degree of accuracy five burned structures. Though auger testing and 

limited excavation were used to confirm these findings, the structures would not have 

been found with such ease had it not been for the implemented geophysical equipment. 

The Berry site demonstrates the value of using a single geophysical tool in conjunction 

with ground truthing to find significant cultural remains. 

The Garden Creek site (Figure 2) was located at the confluence area of Pigeon 

River and Garden Creek in Haywood County, North Carolina. Over the years there have 

been multiple periods of excavations here, both professional and amateur, as well as 

geophysical surveys (Keel 1976; Wright 2014). Garden Creek was one of the 

Appalachian Summit regionôs earliest known mound (Wright 2014). This site has also 

seen multiple periods of regular plowing for agriculture and beginning in 1950s, much of 

the land containing the mounds was sold for residential development. None the less, two 

existing mounds were identified and became the focus of excavations and surveys 

beginning in the early 1960s. Mound 1 revealed several Mississippian Period (Pisgah 

phase (1000-1450)) earth lodges and homes. Mound 2 showed evidence of occupation 

from the Middle Woodland Period (Swannanoa (1000-300 B.C.) (Early), Pigeon (300 

B.C.- A.D. 200) (Middle), and Connestee (A.D. 200-800) (Late) as defined by Keel 

(1976)). 
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The area around Mound 2 was surveyed over the course of 2 field seasons (2011 

and 2012) (Wright 2014) The geophysical survey conducted primarily on the non-mound 

components to identify and map the extent of the Middle Woodland occupation at Garden 

Creek. The survey during the 2011 season utilized a magnetic gradiometer and the 2012 

season included additional gradiometer work, GPR and magnetic susceptibility (Wright 

2014). 

The 2011 field season was conducted in an area having the least proximity to iron 

objects associated with the modern subdivision which would present magnetic 

disturbances in the magnetometer data. A Bartington Grad601-2 dual fluxgate 

gradiometer was used to survey these areas along transects that were spaced 0.5m apart. 

These surveys yielded little evidence of archaeological features. One of the hayfields 

surveyed exhibited very strong magnetic anomalies but these were believed to have been 

of geological origin or possibly caused by a lightning strike. There were other anomalies 

consistent with buried archaeological features but due to similar magnetic responses 

between the features of interest and plowing scars, coupled with high levels of 

background noise, identification was extremely difficult  (Horsley 2014). 

One area of the survey however, showed numerous discrete magnetic anomalies. 

Due to the absence of strong plowing effects seen elsewhere on the site, a better feature 

definition could be seen. The signatures of these anomalies were consistent with buried 

pits and hearths (Horsley 2014). These features were confirmed via coring and 

excavation, helping to enhance the interpretation of magnetic readings from other 

portions of the site. A curvilinear anomaly was also discovered, representative of a sub-
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rectangular ditched enclosure, which was confirmed via excavation to be a 1m deep ditch 

with significant quantities of Early Woodland/early Middle Woodland ceramics (Wright 

2014). Additionally, a possible mound feature appeared to be located over one of the 

enclosures mentioned above. The discovery of these 2 rectangular features and mound 

feature warranted a second geophysical survey the following season. 

The 2012 Geophysical survey included additional magnetometer surveys, as well 

as magnetic susceptibility and GPR. The magnetometer survey used the same parameters 

as the 2011 season to ensure consistency in the results; producing similar data as well 

(Horsely in Wright 2014: Appendix A). While there appeared to be a combination of 

modern and prehistoric anomalies in the magnetometer data, background noise (similar to 

that of previous years) from nearby ferrous material and plow scar stripping caused by 

agricultural practices partially obscured the magnetic signature of any archaeological 

feature present. 

The GPR survey used Noggin sensors and software system, equipped with a 250 

MHz antenna. Due to the GPR being unaffected by the nearby ferrous material, it was 

employed particularly to investigate the two previously identified geometric enclosures. 

Horsely (2014) states that the GPR could detect features through the disturbed plow zone 

and provide a clearer image of the subsurface features. The GPR survey in the area of the 

enclosures resulted in the identification of basins, pits, trenches, and even large postholes 

below the plow zone (Wright 2014). Magnetic susceptibility was the final geophysical 

tool to be implemented in the 2012 season. It was employed in the hopes that a magnetic 

susceptibility survey could quickly and accurately determine the entire extent of the site 
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by locating where human activity had increased the magnetic qualities of the soil 

(Horsely 2014). At the conclusion of the 2012 field season, a total of 8 hectares were 

covered by gradiometer survey, 0.9 hectares by GPR, and 11 hectares by magnetic 

susceptibility survey. 

The work at Garden Creek illustrates the importance of incorporating a variety of 

geophysical tools into a survey. Unwanted noise and other issues that were encountered 

in the 2011 survey with the use of a single sensor were overcome by employing 

complimentary geophysical tools. These allowed known and newly discovered features to 

be mapped and placed into their proper cultural context. 

The work most geographically and culturally relevant to geophysical 

investigations at 31MA684 and 31MA774 was conducted at Kituhwa mound and village 

area in Swain County, North Carolina (Figure 2). Kituhwa is the ñlargest continuous 

mound and village complex in North Carolinaò (Riggs and Shumate 2003:73) with 

Archaic, Woodland, Mississippian (Pisgah and Qualla) and historic (Qualla and Anglo) 

components. 

The first geophysical survey was conducted at the Kituhwa mound and 

surrounding area by Berle Clay (2001b) in May of the same year at the request of the 

Eastern Band of the Cherokee Indians. The survey was conducted using a Geoscan FM36 

fluxgate gradiometer, covering a total area of 2.76 ha. The survey primarily centered on a 

pre-existing mound and nearby surrounding area. The gradiometer data could provide 

evidence for the existence of at least one burned structure, as well as a possible Cherokee 

ótownhouseô, with evidence of other burned structures existing below it (Clay 2001b). A 
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central hearth associated with the townhouse is also identified in the mound vicinity, in 

addition to a doorway, walls, and a mound construction ramp (Riggs and Shumate 2003). 

The anomalies seen in the gradiometer data of this area correlate with cultural material 

found from surface collection and shovel tests, indicating a high likelihood of 

archaeological features. The stripping effect, observed in the above studies, obscured 

many of the potential features. Clay (2001b: 8) states, ñThe act of plowing órestructuresô 

the magnetic materials in the plow zone...,ò and goes on to say, ñBecause the range in nT 

of these stripes is the same as the range of variation in nT of archaeological features 

below plow zone, they powerfully obscure the archaeological features.ò The gradiometer 

was able to identify two known residential hearths in an area that the plow zone removed. 

Two additional sections were surveyed with the gradiometer in conjunction with 

plow zone removal by Riggs and Shumate (2003) in the same year. Riggs and Shumate 

(2003) note that features encountered after plow zone removal vaguely corresponded to 

the magnetic maps produced of the same area. They believe this is likely due to the lack 

of magnetic contrast between feature fill  and the surrounding soil matrix. Both surveys 

collected gradiometer data along transects that were spaced 1 meter apart, with 4 readings 

taken per meter. Clay (2001b) states that greater resolution of archaeological features 

below the plow zone could be obtained with closer transects and more samples taken per 

meter. 

Palmyra Moore (2009) returned to Kituhwa in 2006 and 2007 to conduct a 

geophysical survey. Moore (2009) resurveyed the mound and surrounding area with a 

gradiometer, using closer transects intervals (0.5m instead of 1m) as recommended by 



17 

Clay (2001b). In addition, Moore conducted a resistivity survey and a GPR survey, which 

could identify structural features, middens, as well as image the internal structure of the 

townhouse and mound in greater detail, all of which was not possible using only the 

gradiometer at a coarser resolution. Smaller isolated features, such as postholes, proved 

to be a challenge to identify, however. The only geophysical tool that could distinguish 

these types of features with any degree of success was the gradiometer. Moore (2009) 

found that fragments of fire baked clay were a strong óindicatorô of the presence of 

postholes in the magnetic data. It should be noted that the clay fragments were only seen 

as óindicatorsô and instances occurred where these fragments were present with no 

associated posthole. Moore (2009) goes on to state in general that burials and pit features 

were not detected by the geophysical instruments used because they didnôt provide 

enough contrast with the surrounding soil matrix. She believes this was because the 

organic contents of the graves and pits decomposed to such an extent as to blend into the 

surrounding soil matrix (Moore 2009). 

The original gradiometer survey was able to map several burned structures on the 

mound that were not able to be detected with the GPR. Several features in the vicinity of 

the mound were obscured in the original gradiometer survey due to plow zone stripping 

but were able to be clearly detected due to the addition of the GPR and resistivity survey. 

Despite being unable to easily discern smaller isolated features such as burial and pits, 

Mooreôs work at Kituhwa mound demonstrates the benefits of using multiple geophysical 

tools.  
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Figure 2. Geophysical Projects Relevant to the Work at 31MA684 and 31MA774 
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CHAPTER III 

METHODS 

The project area is located roughly seven miles (11.3km) northwest of the town of 

Franklin in Macon County, NC (Figure 1). Site 31MA684 is located on the east side of 

the Little Tennessee River on a floodplain terrace used for agricultural purposes. Site 

31MA774 is located directly east of site 31MA684 and east of NC 28 and its intersection 

with Rose Creek Road, in a fallow field on a hilltop terrace. The elevations range from 

roughly 1,930 AMSL, on the floodplain, to about 1,990 AMSL, on the hilltop (Figure 1). 

The floodplain consisted of Rosman fine sandy loam, 0 to 2 percent slopes, frequently 

flooded. The hilltop area was predominately Braddock clay loam, eroded with 2 to 8 

percent slopes with some Braddock clay loam, eroded with 8 to 15 percent slopes (Figure 

3) (http://websoilsurvey.sc.egov.usda.gov). Rosman soils are found on flood plains in the 

Southern Appalachian Mountains and form in recent loamy alluvium derived from 

igneous, high-grade metamorphic or low-grade metasedimentary geology 

(https://soilseries.sc.egov.usda.gov). In this location, the soil is characterized by a dark 

brown surface layer (A horizon) and a strong brown (Bw horizon) subsoil (Idol 2017). 

Braddock clay loam soils are found on foot slopes of ridges and high terraces in 

colluvium and alluvium derived mainly from a mixture of crystalline rocks 

(https://soilseries.sc.egov.usda.gov). It ranges in color from reddish brown surface layer 

(Ap horizon) and a red clay (Bw) subsoil (Idol 2017). 

http://websoilsurvey.sc.egov.usda.gov/
https://soilseries.sc.egov.usda.gov/
https://soilseries.sc.egov.usda.gov/
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The project area resides within the Appalachian summit region of North Carolina 

(Figure 2). This region can be divided into 5 main cultural time periods- Paleoindian 

(9000-8000 B.C.), Archaic (8000-1000 B.C.), Woodland (1000 B.C.-1000 A.D.), 

Mississippian (1000-1500), and Protohistoric/Historic (1500-1838 A.D.)-with each 

period being subdivided into several phases (Idol 2017; Keel 1976; Rodning 2004; Ward 

and Davis 1999; Wetmore 2002). Site 31MA684 had evidence of continued habitation 

from the Paleoindian period through the historic period; site 31MA774 primarily 

exhibited evidence of habitation in the Late Qualla phase (Idol 2017). 

Five grids were established to conduct the geophysical survey across both sites. A 

Topcon GTS 233W total station was used to mark all grid corners in relation to the 

temporary datums established by TRC Inc. This insured that the coordinates collected by 

the geophysical team and TRC would accurately match within the Geographical 

Information System (GIS) used to analyze the data. A Topcon GR-3 Global Positioning 

System (GPS) was then used in concert with the total station to tie the previously 

established grids and TRC datums to Universal Transverse Mercator (UTM) Zone 17. 

Site 31MA684 (floodplain) was initially surveyed with the magnetic gradiometer 

followed by the GPR (Figures 4 and 5); 31MA774 (Hilltop) was surveyed in the same 

manner (Figures 6, 7, 8 and 9). Magnetometer data were collected by a Bartington 601 

Dual Gradiometer (Figure 10) and TerraSurveyor2 software was used for all data 

processing. The Bartington internal software limits survey grid size to either 10X10, 

20X20, or 30X30 meters. After field inspection, it was determined that 30x30 meter grids 

would most effectively cover 31MA684, the floodplain (Grids 1 and 2). After inspection 
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of 31MA774, the hilltop, three survey locations were chosen by TRC and the geophysical 

team; these included two 10X10 meter locations, grids three and five, and one 20x20 

meter location, grid four (Note: Due to the lack of significant geophysical findings in grid 

5, it was decided by TRC to not excavate this area and as such will  not be discussed any 

further in this paper). 

The Ground Penetrating Radar (GPR) used was a GSSI 3000 with a 400 MHz 

antenna (Figure 11). The same grids were used in the GPR survey as with the 

magnetometer, with the GPR area coverage extending slightly further south at 31MA684 

towards Rose Creek Road and McCoy Bridge (Figure 5). Each of the grid corners were 

located by the total station (Figure 1). 

Prior to magnetometer data collection, the machine must be calibrated. This is 

done in as magnetically neutral an area as possible on site; the same location was used 

each day. The pace of the instrument operator was tested and the instrument was setup for 

that individualôs pace. The data were collected in a zigzag manner, walking the grid in 

transects based on true north then south. Two lines were collect per meter, creating 

transects at 50 centimeter intervals. Eight samples were taken per meter for a total of one 

hundred sixty per transect. The range was set to 100 nT (nanoTesla) with a threshold of 

1nT and a reject range of 50 Hertz (Hz) (Aspinall et al. 2008). The data were downloaded 

from the Bartington to computers in the Geography GIS laboratory that contained the 

TerraSurveyor software. 

The magnetometer data of each grid were individually processed, then combined 

into a composite so they could be clipped, despiked and viewed as a whole. Each 
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individual grid was first clipped to approximately 10 nT to improve visibility,  then 

DeStaggered to help compensate for errors generated when operators started too soon or 

too late. All  the individual grids were also DeStriped. This process helps to compensate 

for effects of different operators, instrument setup and drift. Every effort was made to 

assure that data were collected as consistently as possible. Overall the data aligned fairly 

consistently between collection units and the same and/or similar anomalies can be 

detected between the grids (Clark 1996; Kvamme 2006). 

GPR data were gathered similar to that of the magnetometer. However, there 

were no constraints on grid size and dimensions as seen with the magnetometer. This 

allowed the geophysical team to run longer transects on the floodplain. Rose Creek Road, 

which runs perpendicular to the floodplain, contains a metal guard rale that obscured the 

magnetometer data (Figure 4), so it was hoped that the GPR might be of greater use in 

that location (Figure 5). A 400 MHz antenna was used collecting data at 50 centimeter 

transects, with a dielectric constant set to 8 and data were collected in 16-bit format. 

All  GPR data were downloaded from the Radan SIR3000 unit to computers in the 

Geography GIS laboratory where the data could be post-processed using Radan 7 

software. The first post-processing step was to set the data to time zero, this helps the 

profile create a true ground surface by removing space generated by the antenna carrier. 

A background filter was then applied to help normalize the data and remove noise. 

Finally, the average relative dielectric permittivity (RDP) of the soils was determined for 

each date using hyperbolic reflections visible in the vertical profiles. This was 

accomplished by using the ghost fitting tool in the migration pane of RADAN 7. After 
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fitting the curve to match hyperbolic shapes, the profile number and reflector distance 

from the transect start were recorded in a spreadsheet, along with the velocity estimated 

by the ghost fitting tool. The RDP of the soils above each reflection was calculated in 

another column using the formula published by Conyers (2004): 

K = (C/V)2 

Where: 

K = Relative Dielectric Permittivity 

C = speed of light in a vacuum, .2998 m/ns 

V = velocity of radar energy through soil, m/ns 

Following the calculation of RDP for each reflector, the mean RDP of the 

collection date were used for slice map export. Each slice was examined at a .10 m 

thickness. Each grid was saved as a .tiff  file and then georeferenced for excavation 

planning and dimensional analysis using ArcMap 10.2.2 (Conyers, 2004; Lowry and 

Patch, 2010; Patch 2008; Patch 2009; Patch 2010; Radan7 Usersô Manual, 2011). 

A total of four hundred two features excavated by TRC were located within the 

remote sensing grids. A total station was used to mark each featureôs centroid. A point 

file was then created and overlaid onto the corresponding remote sensing grids in 

ArcMap 10.2.2. Transect lines, spaced 50cm apart, were generated on each grid so that 

features identified by TRC could be quickly located in the specialized geophysical 

software (RADAN 7.4.15, for GPR, and TerraSurveyor, for magnetic gradiometer) for 

analysis purposes. When comparing the geophysical signatures with the TRC generated 

feature location map, each documented feature would fall into one of three categories for 

analysis purposes: 
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ǒ Yes (y), the geophysical data indicated the presence of a feature located in the field 

ǒ Maybe (m), potential evidence for a feature may be recognizable in the geophysical 

data, but not enough to positively identify 

ǒ No (n), no geophysical evidence exists that would lead researchers to identify the 

presence of a feature 

Once each featureôs location was determined in the GPR and magnetometer 

software the analyst would determine which category (Yes, No or Maybe) the feature 

would be placed. In RADAN the profile view and 3D cube were inspected to see if any 

hyperbolic reflections or anomalies existed. If a hyperbolic reflection could be seen or a 

significant geophysical anomaly was present the analyst would indicate depth and 

probably cause, such as pit or post, and a óyô, meaning highly confident that the 

geophysical equipment detected the feature, would be entered under the óGPRô heading 

into the attribute table. Features that exhibited weak hyperbolic reflections or were in 

areas that exhibited ónoise,ô such as coupling errors caused by the antenna going over 

furrows in a plowed field or the point location was very close to other strong geophysical 

returns, were given an ómô. TRC mapped features with no geophysical evidence 

associated with their locations were given an ónô in the attribute table. The analysis of the 

magnetometer data was conducted in a manner similar to that of the GPR data. 

Each featureôs centroid was used to create a point file which was then overlaid on 

the gradiometer remote sensing grid. A óyô was input into the attribute table under the 

óMagô heading if monopolar or dipolar signatures were present and were associated with 

a feature. Magnetic signatures that appeared near the TRC points, within 50 centimeters 
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or less from the marked location, and points that were located on the edge of the remote 

sensing grids, where a complete analysis could not be completed, were given a ómô under 

the óMagô heading in the attribute table. If no magnetic variance was seen within the 

vicinity of the associated point, the feature was given a ónô under the óMagô heading in 

the attribute table. 

Ten sets of samples (2 in a set) of soil were collect in the field for bulk density 

analysis, which gives an indication of soil compaction (www.nrcs.usda.gov). Each set 

consisted of a sample taken from within the designated featureôs matrix and the soil 

matrix directly outside the same feature. The soil auger used to take each sample had a 

width of 0.6 tenths of an inch with a collection sample length of 3 tenths of an inch. 

English units were converted to centimeter to make calculations easier: 

Diameter=1.7 

radius=.85 

Height=9.1 

These numbers were placed into the formula: 

V=ˊr2h 
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To compute the Volume of the sample 

A wet and dry weight was established for all samples used in the bulk density 

analysis. This was accomplished by first weighing the tin foil  tray that the soil was placed 

in, weighing the tray with the soil, and then baking the soil in a 100 degree Celsius oven 

for at least two hours to remove all the moisture from the soil. The trays were then 

weighed after the removal from the oven, subtracting the tin foil tray weight from the wet 

and dry weights of the soil so that each sampleôs bulk density could be determined. The 

Bulk Density equation is: 

BD=DW/V 

Where: 

BD is bulk density 

DW is the dry weight of the soil sample and 

V is the volume of the soil sample 

(www.nrcs.usda.gov) 

http://www.nrcs.usda.gov/
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Figure 3. McCoy Bridge Geophysical Survey Grids with SSURGO Soils Overlay 
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Figure 4. MA684 Grids 1 and 2 Magnetic Gradiometer Results 

 

Figure 5. MA684 Grids 1 and 2 GPR Results, 45 Centimeters Below 








































































































































