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On October8™ and9™" andDecember 1", 2014a geophysicasurveywas
conductedntwo areasadjacento McCoy Bridge in MaconCounty,North Carolina.
The purposeof the surveywasto identify a potentialCherokedndian habitationsite that
may haveexistedin this location. This projectwasuniquein thatthe geophysicasurvey
mapswerecreatedorior to mechanicastrippingandcomparedo featurelocations
createdby archaeologistafterthetopsoilhadbeenremoved Researcheraerethenable
to accuratelydeterminethe ability of groundpenetratingadar(GPR)andmagnetic
gradiometeto detectsubsurfacdeatureswithin the culturallandscapéhatonceexisted
at sites31MA684, floodplain,and31MA774, hilltop. The geophysicasurveyuseda 400
megahertfMHz) GPRantennaanda Bartingtonfluxgategradiometerall datawere
collectedat 50 cmtransectsThe geophysicasurveysuccessfullydentified
approximatel\60 percentof the largerfeaturesHowever,of the 402 featuredfound by
archaeologistanost(288)weresmallpostholes.Coupledwith therelativedielectric
permittivity (RDP) of the site, identificationof thesefeaturegprovedextremelydifficult
with the GPR.Additionally, thefield in whichthe surveywasconductechadyearsof
documentegblowing that createddeepfurrows resultingin multiple GPRcoupling
errors.The negligibledifferencebetweerthe featurematrix andsurroundingsoil
combinedwith thelack of burningalsocontributedto theinability of eitherthe GPRor

gradiometeto detectfeaturesPossiblesolutionsfor a higherrecoveryratewould beto



decreas¢hetransecspacingandusinga higherfrequencyantennan conjunctionwith

the400MHz antenna.
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CHAPTER |

INTRODUCTION

Geophysicabkurveysusingmultiple geophysicatools allow geographerand
culturallandscapearchaeologistto discoverandmapsubsurfacdeaturesn waysnot
previouslypossible(Conyers2004;Kvamme2003,2006).Typical archaeologicasurvey
practicesconsistof tediousshoveltestsandsurfacecollectionswhich canbecomevery
expensiveandtime consuming.The benefitsof conductinga geophysicasurveybefore
orin lieu of afull-scaleexcavatiorcangive reseachersa betterunderstandingf where
to focusresearclefforts beforeanyexcavatiortakesplace.This hasthe potentialto not
only savetime andmoneyfor bothresearcherandcontractorof a projectbut alsohelps
to preservehe culturalintegrity of a site.

A geophysicasurveywasconductedrior to mechanicabtrippingontwo areas
adjacento McCoy Bridgein MaconCounty,NC (Figurel) to look for anycultural
remainsthat might existandpotentiallybe destroyeduponwideningof the bridge.Field
work for this projecttook placeon the 8th and9th of Octoberandthe 11" of December,
2014.Thesitewaslocatedin the Appalachiarsummitregionof westernNorth Carolina
(Figurel). This areaof North Carolinaexhibitsevidenceof continuedhabitationfrom the
Paleoindiano the historic period(ldol et al. 2017;Keel 1976;Rodning2004; Ward and
Davis1999;Wetmore2002).The surveyconsistedf usinga groundpenetratingadar

(GPR)andmagnetiogradiometeto collectall geophysicatiata.



The primaryquestiors beinginvestigatedoy UNCG andTRC archaelogoist:

1. Will this geophysical survdgad to abetter understamay ofthe Qualla Cherokee
landscape at thesites andthe surroundingegion?
2. Whatis therelativeeffectivenes®f groundpenetratingadarandmagnetiogradiometer

in identifying thelocationof culturalfeaturesat thesesites(31MA684 and31MA774)?

Additionally, researchersoughtto ascertain:

3. Whatchallengesreassociatedvith usinggeophysicaéquipment?
4. Canasystematisoil samplingor groundtruthing/excavatiorat variousfeature

locationshelpto refinethe efficiencyof the geophysicakéquipment?

The secondchapterof this thesiswill bea literaturereviewwhichwill give abrief
descriptionof generageophysicasurveymethodsfocusingon GPRandmagnetic
gradiometerThreesiteslocatedwithin the AppalachiarSummitregionof North Carolina
thatutilized a GPRanda magnetiogradiometesurveywill bediscussedn detailwithin
this sectionaswell. Thethird chaptemwill providea brief culturalandphysical
descriptionof sites31MA684 (floodplain) and31MA774 (hilltop) andwill reviewthe
methodsusedbothin thefield andin the laboratoryto collectandprocessll of the data.
Thefourth chaptewill presenthefield andlaboratoryresults.Thiswill be followed by a
discussiorcomparingthe geophysicatesultswith the mappedesultsof the cultural
featuredound by TRC. Thefinal sectionwill discusgheresultsandwhattheymeanfor

the siteasa wholeandpresenthe conclusionalongwith futureresearclsuggestions
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Figure 1. McCoy Bridge Geophysical Survey Grids with Topography



CHAPTER I

LITERATURE REVIEW

Many archaeologisthavecometo realizethatto fully graspa siteds useand
purposegeophysicamethodsneedto beincorporatednto the surveyprocesgClay
2001a;Kvamme2003,2006{-eckebuscl2003;Bruseth,PiersonandJohnsor?007;
Hargrave Britt, andReynolds2007;Perttula,Walker,andSchultz2008;King et al
2011).Conyers(2004:1)describegieophysicpertainingto archaeologwsi...amethod
of datacollectionthatallowsfield archaeologistto discoverandmapburied
archaeologicafleaturesn waysnot possibleusingtraditionalfield methodso

Geophysicamethodsemploya multitudeof toolsto measureactivelyor
passivelythe featurés physicalandchemicalpropertiesof the subsurfaceéhatcanthenbe

mappedandmeasuredKavamme2003;Conyers2012).Kvamme(2003:435)argueghat,

€ b ylacingfocuson suchburiedfeaturesasdwellings,storagdacilities, public
structuresmiddensfortifications, trails, or gardenspaceshatarenot commonly
revealedhroughmostcontemporargurfaceinspectionmethodsaricherview of
archaeologythe past,andculturallandscapesanbeachieved.

He goesonto arguethatthe bestwayto view thesefeaturess through
geophysicakurveyingby usingsuchtechniquessmagnetiocgradiometerresistivity,
electromagneticonductivityandgroundpenetratingadar(GPR),to namea few. Of

thesetechnologiessPRandmagnetometersonfiguredasgradiometergrecommonly



usedin thearchaeologicafield to aid in site interpretatiorprior to excavation(Conyers
2012;Kavamme2003;Moore 2009;Perttula,Schultz,Walker2008).

GPRIis anactiveremotesensingnethodthattransmitsradio wavesin the
megahert{MHz) or gigahertz2 GHz) rangeinto the groundfrom a singlesend/receive
antennaor antennapair. As the energyis transmittedhroughvariousmaterialsand
reflectedbackto thereceivingantennasignalvelocity canbe calculatedandconverted
into depthof a buriedfeature/soimatrix. As the antennas eitherpushedor pulledalong
transectsn a georeferencedrid atwo-dimensionalertical profile of radio wavesis
produced Conyers2004,2012).For archaeologicgburposestransectareusually
spacednehalf meteror lessapart,dependingonthe frequencyof theantennan use.
The signaltransmittedrom higherfrequencyantennag900MHz) attenuatesnuchfaster
thanlower frequencyantennag200MHz);therefore the targetsizeanddepthis always
animportantfactorto takeinto consideratiorbeforeconductinga survey(Conyers2012).
Whentheradarwavelength®ncountefeatureqpits, walls surfaceshousefloors), or soil
changeghatdiffer in their dielectricconstantfrom the surroundingsoil matrix, a portion
of theenergyis reflectedbacktowardsthe receivingantennavherethe amplitude(seen
asa hyperbolicreflection)andtime (in nanoseconds)s recordedn the verticalprofile
(Conyers2013).

Most GPRantennasisedfor archaeologicgburposegroducefrequencieshat
fall within the 200to 900MHz rangeandcanacairatelydetectfeaturesl-3 metersbelow
the surface dependingpnthe antenngdConyers2012;Wright 2014;Kvamme2003).

Additional factorsthatmustbe consideredeforechoosingwhattype of antennao use
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aresoil types,soil chemistry,hydrologyandnaturalfeaturessuchasrocks,treeroots,or
animalburrows.The spatialdistributionandtype of culturalfeatureghatmaybe present
mustbe consideredswell. Thesefactorscancausethe antennés signalto attenuateand
affectthe quality of vertical profilesanddepthslice mapsthat canbe produced Conyers
2012;Kvamme2003;Leckebuscl2003).WhenproperlyusedGPRscanpredictwith
relativeaccuracywhereculturally significantfeaturesarelocatedandat what depth
(Kvamme2003;Leckebuscl2003).It is the GPRGs ability to calculatedepththatenables
specializedsoftwareto createaccurateéhreedimensionablatasetsof subsurfacdeatures.
Onceexportedo a GeographidnformationSystem(GIS), otherspatialinformation
(elevation,slope,historic maps,total stationdata)canbe combinedio mapandaid in
geographicahndculturalmanagemenfLeckebuscl2003; Turner,Stine,Lukas2015).
Magnetometersyftenreferredto asgradiometersarepassivesensorghatare
sensitve to objectsandsoilsthat containiron andarecapableof recordingthe strengthof
the earttés magneticfield at a giventime andplace(Clay 2001a).Underthe proper
conditions theyareableto measureelativelysmalllocal variationsin magnetismand
distinguishburiedobjectsandfeaturesasanomaliesTheseanomaliegnustdiffer in
magneticstrengthfrom the eartts magneticfield in orderto be Gseerbby a
magnetometemMagneticvariationis recordedn unitsof nanoTeslagnT) andis often
restrictedto +/- 100nT range but todays sensorarevery sensitiveandare capableof
precisiondownto the.01nT. Gradiometergantypically measurdo roughly2 min

depth,dependingonthe magneticstrengthof theanomalybeingobserved Clay 2001a).



Therearemanyfactorsthatcontributeto variationsin magnetismKvamme
(2008)stateghatwhile therearenaturalcausegor magneticvariations therearecertain
anthropogeniprocessethatareuniqueto culturally significantsitesandcanbe observed
usinga magnetometeiHeatingor burningof featuresandobjects(suchaspits, posts,
hearthscookingpits, bricks, etc.),cancausewhatis knownasthermoremnant
magnetismThis is wheniron oxide andotherferrousmineralscontainedn the soil or
objectis heatedbverits Curie Pointandlosesits magnetismThe magneticdomainsthen
becomealignedwith the local magneticfield atthetime of cooling (Aspinall, Gaffney,
andSchmidt2008).Wasteheapsareanotherfeaturethatcanbe observe with a
magnetomete-ermentatiortanoccurdueto microorganismsuchasbacteriayeast,
andfungi cancauseweakly magneticminerals(ex. Hematite)to be convertedo minerals
with increasednagneticsusceptibility(maghemite)However this phenomenoiis
usuallybestobservedvith a magneticsusceptibilitymeter.Certainbacteriahavealso
beenrecordedn abundancén decayingwoodenposts.Thesebacteriahavebeenfoundto
createmagneticmicronsized,crystalswithin their bodies.Smallsignaturesuchasthese
canberecordedwith a sensitivemagnetometeBackfilling aditch or holecanalso
resultin anareaof differing magnetigpropertiesdueto thetopsoilhavinghigher
magneticsusceptibilitythanthe surroundingsubsoil(Aspinall, Gaffney,and Schmidt
2008).

Therearemultiple sensorandconfigurationsusedfor magnetometryThis report
focuseonthe handheld fluxgategradiomete Clay 2001a;Bruseth,Piersonand

Johnsor2007).A fluxgategradiometemeasureshe differencen magnetisn{measured
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in nanoteslgnT)) betweertwo vertically separatetheadsusuallya meterapart,that
simultaneouslyecordsthe earttts magneticfield andlocal magneticvariationatthetime
of collection(Clay 2001a).The uppermossensorecordshe earttés magneticfield
strengthatthe time of collection.While the bottomsensoiis equallysensitiveto the
ambientmagnetismit will alsorecordanylocalinfluences potentiallyidentifying
subsurfacdeaturesof geographi@andculturalinterest.The differenceresultsin positive
and/ornegativelocal contrastClay 2001a;Turner,Stine,Lukas2015). Thesecontrasts
appeaaseitherdipole (both positiveandnegativepeaks)or monopolar(eitherpositive
or negativepeaks)anomaliesn magneticsurveys(Hargrave Britt, Reynolds2007).
Gradiometersaremostoftencarriedby anoperatomwho walksalong
georeferencedurveytransectscollectingdataat a givennumberof samplegper meter,
alsofactoringin the operatorsvalking speed Turner, Stine,Lukas2015).Thedataare
viewedin specializedsoftwarethat canproduceanimage/mapwith agrayscalejow to
no local variationappearingasgray, positivevariationappearingasblackandnegative
variationappearingaswhite. Thoughthe exactdepthsof featuresor objectscannotbe
ascertainednagnetometersanpick up smallvariationsin magneticfields thatwould
otherwisebe undetectableT hedistributionof theselocal variationscanoftenform
patternsor shapegshat areindicatorsof buriedculturalor naturalfeatureqClay 2001a;
Turner,Stine,Lukas2015).
Therearemanypublicationsthatrepresengeophysicasurvey$ability to map
subsurfaceculturalfeaturesvith impressiveclarity (Conyers2012; Kvamme2008;

SturmandCrown2015;Whiting, McFarlandandHackenberge2001).0Often, however,

8



geophysicakquipmenicanonly give researchera generaideaof the featureof interest.
Conyerg(2012)discussegreasvereprojectsdid not go well or mistakesveremadeand
Jenser{2003)hasnotedwheretraditionalopticalremotesensinghasoftenbeenoversold
asto its abilities. Issuescanoccursuchasthe signaturesecordedoy surveyinstruments
may not havethe samedimensionsasthe subsurfacefeaturewhich theyrepresent.
Additionally, buriedfeatureswith weakersignaturexanbe maskedf thereareobjects
with strongersignatureoverlyingthemor in closeproximity. Hargrave(2006) Conyers
(2012)andRogerset al. (2012) havenotedthat buriedobjectswill varyin intensity
dependingnthe soil matrix andlevel of moisture;which canalsomaskfeatures.

Thoughtheseissuesarecertainlychallengestheyarenotedto inform the
researchethatto truly understand site groundtruthingis still anecessaryask.A
geophysicakurveymap,while highly effectiveat narrowingdownthe locationof
culturally significantfeaturesshouldnot be assumedo perfectlyportraythefeatures
theyrepresen{Hargrave2006),andnecessargtepsneedto betakento optimize
subsurfacenappingefforts.

Someof the uncertaintyof geophysicasurveyscanbe alleviatedby usingmore
thanoneinstrument.Thus,the useof multiple instrumentghasbecomecommonpractice
andallowedresearcherto discoverandmapsubsurfacdeaturesn waysnot previously
possible(Conyers2004;Kvamme2003,2006; StineandStine2013).While therearea
wide varietyof instrumentsapableof conductinga geophysicasurvey(e.g.resistivity,

conductivity, magneticsusceptibility,aerialphotographymulti spectrakatellite



imagery),GPRandmagneticsurveyhavebecomehe mostcommonlyusedtogetheras
complementarynethodgPatchandLowry 2013;StineandStine2013;Wright 2014).

Threegeophysicaprojects(Figure2) thatexhibit geographi@andcultural
similaritiesthatarerelevantto this researctand haveundergonesxtensivegeophysical
andarchaeologicaihvestigationsKituhwa mound(31SW2),village (31SW1)and
surroundingsites,GardenCreek(31HWS8),andthe Berry Site (31BK22). Eachis
reviewedbelow, with severalquestionsn mind: Whatis therelativeeffectivenes®f
GPRandmagnetiagradiometein identifying the locationof culturalfeaturesatthese
sitesWhatinformationcanthe geophysicasurveyprovideconcerninghe locationand
characteristicef subsurfacdeaturesandhow usefularethesetechniquesn guidingthe
datarecoveryprocessTangroundtruthing/excavatiomt variousfeaturelocationshelp
to refinethe efficiencyof the geophysicakquipmentWhat challengesre associated
with usingthesetools?

TheBerrysite,knownasJoarawasthe centraltown of a Mississippiarchiefdom
thatwaslocatedalongthe upperCatawbaRiver in presentdayBurke County,North
Carolina.This site wasoneof the largestlate prehistoricsitesin the upperCatawba
valley with anexampleof a Mississippiarmound,andoneof the earliestEuropean
settlemenin theinterior of the presentday United StatesIn the 16thcenturythe Spanish
conductedexpeditiongo colonizepartsof whatwasto be becomethe southeastern
United StatesOneof theseexpeditions)ed by SpanishCaptainJuanPardo left present
dayParislsland,SouthCarolinaon Decembel 566with ordersto pacify the local

Indiansto claimthe landfor Spainandto find anoverlandrouteto centralMexico. In
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Januaryl567 CaptainPardoreachedhetown of Joaraandconstructed-ort SanJuan.
The Pardoexpeditionconstructed otherforts on his expeditionacrossNorth Carolina
andeasterrTennessedhoughit wassaidhe believedSanJuanto bethe mostimportant.
However,by May 1568,word hadreachedSpanistofficials thatall 6 forts hadbeen
attackedoy the local Indiansandbeendestroyed Beck, Moore, Rodning2006).

In Juneof 1997 (HargroveandBeck 2001)a magnetometesurveywas
conductedn a0.9acresectionof the Berry site. A GeoscarkFM fluxgategradiometer
wasusedto collectthe datawith readinggakenevery25cmalongtransectspacedb0cm
apart.Theareachoserfor surveywassituatedon afield thatwasusedfor corn
cultivationandassuchhadbeenrepeatedlyplowed. Of interestto noteis the authorsdid
not mentionanytype of distortionor strippingeffect causedy plowing scarsthatwas
reportedoy the authorsof the nexttwo studies.

Overthe courseof the surveys largepositiveanomaliesveredetectedwith the
magnetometeindicatingthe presencef largeculturalfeaturesTheanomaliesvere
testedusinganauger;with soil coreseverymeteralongagrid. All the samplesadthick
lenses of burneddebrisbelowthe plow zonewhich confirmedthattherewereburned
structuregHargroveandBeck 2001).0Oneof the structuresAnomaly 1, wasdescribed
by HargroveandBeck (2001:4)f¢ i form andsizeit hasa striking resemblancéo the
footprintsof late prehistoricPisgahphasesousesf the AppalachiarSummitaread
Excavationghe following springwereableto confirmthatthesewerein-fact burned
structuresandlikely associateavith Fort SanJuan(HargroveandBeck2001).An

additional4 hectargha) of the site wassurveyedwith a gradiometerTheseresults
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revealedive burnedstructuresalongwith a possiblepalisadgBeck, MooreandRodning
2006).

Theuseof agradiometeiat the Berry site enabledresearcher identify and
locatewith a high degreeof accuracyfive burnedstructuresThoughaugertestingand
limited excavationvereusedto confirmthesefindings, the structuresvould not have
beenfoundwith sucheasehadit not beenfor theimplementedyeophysicaéquipment.
The Berry site demonstratethe valueof usinga singlegeophysicatool in conjunction
with groundtruthingto find significantculturalremains.

The GardenCreeksite (Figure2) waslocatedat the confluenceareaof Pigeon
River andGardenCreekin HaywoodCounty,North Carolina.Overthe yearstherehave
beenmultiple periodsof excavationsere,bothprofessionahndamateuraswell as
geophysicakurveygKeel 1976;Wright 2014).GardenCreekwasoneof the
AppalachiarSummitregiorts ealiest knownmound(Wright 2014).This site hasalso
seenmultiple periodsof regularplowing for agricultureandbeginningin 1950s,muchof
theland containingthe moundswassold for residentiadevelopmentNonethe less,two
existingmoundswereidentified andbecamehe focusof excavationandsurveys
beginningin the early 1960s.Mound 1 revealedseveraMississippiarPeriod(Pisgah
phasg10001450))earthlodgesandhomesMound 2 showedevidenceof occupation
from the Middle WoodlandPeriod(Swannano&1006-300B.C.) (Early), Pigeon(300
B.C- A.D. 200)(Middle), andConneste€A.D. 200-800) (Late) asdefinedby Keel

(1976)).
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TheareaaroundMound 2 wassurveyedoverthe courseof 2 field seasong2011
and2012)(Wright 2014) The geophysicasurveyconductedorimarily onthe non-mound
componentso identify andmapthe extentof the Middle Woodlandoccupatiorat Garden
Creek.Thesurveyduringthe 2011seasorutilized a magneticgradiometeandthe 2012
seasonncludedadditionalgradiometemwork, GPRandmagneticsusceptibility(Wright
2014).

The2011field seasomwasconductedn anareahavingthe leastproximity to iron
objectsassociatedvith the modernsubdivisionwhich would presenimagnetic
disturbance# the magnetometedata.A Bartington Grad6012 dualfluxgate
gradiometemwasusedto surveytheseareasalongtransectshatwerespaced.5mapart.
Thesesurveysyieldedlittle evidenceof archaeologicaleaturesOneof the hayfields
surveyedexhibitedvery strongmagneticanomaliesut thesewerebelievedto havebeen
of geologicalorigin or possiblycausedy a lightning strike. Therewereotheranomalies
consistenwith buriedarchaeologicaleaturesut dueto similar magneticesponses
betweerthefeaturesof interestandplowing scarscoupledwith high levelsof
backgrounchoise,identificationwasextremelydifficult (Horsley2014).

Oneareaof the surveyhowever showednumerougliscretemagneticanomalies.
Dueto the absenc®f strongplowing effectsseerelsewherenthe site, a betterfeature
definition could be seen.The signature®f theseanomaliesvereconsistentvith buried
pits andhearthgdHorsley2014).Thesefeaturesnvereconfirmedvia coringand
excavationhelpingto enhancehe interpretatiorof magnetiaeadingsdrom other

portionsof thesite. A curvilinearanomalywasalsodiscoveredrepresentativef asulz
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rectanguladitchedenclosurewhich wasconfirmedvia excavatiorto bea 1mdeepditch
with significantquantitiesof Early Woodland/earlyMiddle WoodlandceramicgWright
2014).Additionally, a possiblemoundfeatureappearedo be locatedoveroneof the
enclosuresnentionedabove.The discoveryof these2 rectangulafeaturesandmound
featurewarranteda secondyeophysicasurveythefollowing season.

The 2012Geophysicakurveyincludedadditionalmagnetometesurveysaswell
asmagneticsusceptibilityand GPR.The magnetometesurveyusedthe sameparameters
asthe 2011seasorio ensureconsistencyn theresults;producingsimilar dataaswell
(Horselyin Wright 2014:AppendixA). While thereappearedo be a combinationof
modernandprehistoricanomaliesn the magnetometedata,backgrounchoise(similar to
thatof previousyears)from nearbyferrousmaterialandplow scarstrippingcausedy
agriculturalpracticesartially obscuredhe magneticsignatureof anyarchaeological
featurepresent.

The GPRsurveyusedNogginsensorandsoftwaresystemequippedwith a 250
MHz antennaDueto the GPRbeingunaffectedby the nearbyferrousmaterial,it was
employedparticularlyto investigatethetwo previouslyidentified geometricenclosures.
Horsely(2014)stateghatthe GPRcould detectfeatureghroughthe disturbedplow zone
andprovidea clearerimageof the subsurfacdeaturesThe GPRsurveyin the areaof the
enclosuresesultedin theidentificationof basins pits, trenchesandevenlargepostholes
belowthe plow zone(Wright 2014).Magneticsusceptibilitywasthe final geophysical
tool to beimplementedn the 2012seasonlt wasemployedin the hopesthata magnetic

susceptibilitysurveycould quickly andaccuratelydeterminehe entireextentof the site
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by locatingwherehumanactivity hadincreasedhe magneticqualitiesof the soil
(Horsely2014).At the conclusionof the 2012field seasonatotal of 8 hectaresvere
coveredby gradiometesurvey,0.9 hectaredby GPR,and11 hectaredy magnetic
susceptibilitysurvey.

Thework at GardenCreekillustratesthe importanceof incorporatinga variety of
geophysicatoolsinto a survey.Unwantednoiseandotherissueshatwereencountered
in the2011surveywith the useof a singlesensomereovercomeby employing
complimentarygeophysicatools. Theseallowedknownandnewly discoveredeatureso
be mappedandplacedinto their properculturalcontext.

Thework mostgeographicallyandculturally relevantto geophysical
investigationsat 31MA684 and31MA774wasconductedat Kituhwa moundandvillage
areain SwainCounty,North Carolina(Figure2). Kituhwa is the flargestcortinuous
moundandvillage complexin North Carolina (Riggsand Shumate2003:73)with
Archaic,Woodland MississippianPisgahandQualla)andhistoric (Quallaand Anglo)
components.

Thefirst geophysicaburveywasconductedat the Kituhwa moundand
surroundingareaby Berle Clay (2001b)in May of the sameyearat therequesbf the
EasterrBandof the Cherokedndians.The surveywasconductedusinga Geoscar-M36
fluxgategradiometercoveringatotal areaof 2.76ha. The surveyprimarily centerecbna
pre-existingmoundandnearbysurroundingarea.The gradiometedatacould provide
evidenceor the existenceof at leastoneburnedstructure aswell asa possibleCherokee

downhous@ with evidenceof otherburnedstructuresxistingbelowit (Clay 2001b).A
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centralhearthassociatedvith the townhouses alsoidentified in the moundvicinity, in
additionto adoorway,walls, anda moundconstructiomramp(RiggsandShumate2003).
Theanomalieseenin thegradiometedataof this areacorrelatewith culturalmaterial
found from surfacecollectionandshoveltests,indicatinga high likelihood of
archaeologicafeaturesThe strippingeffect,observedn theabovestudiespbscured
manyof the potentialfeaturesClay (2001b:8) statesfiThe actof plowing Gestructureg
the magneticmaterialsin the plow zone...0 andgoesonto say,iBecause¢herangein nT
of thesestripesis the sameastherangeof variationin nT of archaeologicaleatures
belowplow zone,theypowerfully obscurethe archaeologicafleaturesd The gradiometer
wasableto identify two knownresidentiahearthsn anareathatthe plow zoneremoved.

Two additionalsectionsveresurveyedwith the gradiometein conjunctionwith
plow zoneremovalby Riggsand Shumatg2003)in the sameyear.Riggsand Shumate
(2003)notethatfeaturesencountereafter plow zoneremovalvaguelycorrespondetb
the magneticmapsproducedf the samearea.Theybelievethisiis likely dueto the lack
of magneticcontrastbetweerfeaturefill andthe surroundingsoil matrix. Both surveys
collectedgradiometedataalongtransectshatwerespacedl meterapart,with 4 readings
takenper meter.Clay (2001b)stateghat greateresolutionof archaeologicaleatures
belowthe plow zonecould be obtainedwith closertransect@andmoresampledakenper
meter.

PalmyraMoore (2009)returnedto Kituhwa in 2006and2007to conducta
geophysicakurvey.Moore (2009)resurveyedhe moundandsurroundingareawith a

gradiometerusingclosertransectsntervals(0.5minsteadof 1m) asrecommendetly
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Clay (2001b).In addition,Moore conductedaresistivity surveyanda GPRsurvey,which
couldidentify structurafeaturesmiddens aswell asimagethe internalstructureof the
townhouseandmoundin greaterdetail, all of which wasnot possibleusingonly the
gradiometeit a coarserresolution.Smallerisolatedfeatures suchaspostholesproved
to beachallenggo identify, however.The only geophysicatool that could distinguish
thesetypesof featureswith anydegreeof successvasthe gradiometerMoore (2009)
foundthatfragmentsof fire bakedclay werea strongdndicatobof the presencef
postholesn the magneticdata.lt shouldbe notedthatthe clay fragmentsvereonly seen
asdndicator®andinstance®ccurredwherethesefragmentsverepresentvith no
associateghosthole Moore (2009)goesonto statein generathatburialsandpit features
werenot detectedy the geophysicainstrumentsusedbecauseheydidnd provide
enoughcontrastwith the surroundingsoil matrix. Shebelievesthis wasbecausé¢he
organiccontentsf the gravesandpits decomposetb suchanextentasto blendinto the
surroundingsoil matrix (Moore 2009).

Theoriginalgradiometesurveywasableto mapseveraburnedstructureonthe
moundthat werenot ableto be detectedvith the GPR.Severalfeaturedn thevicinity of
the moundwereobscuredn the original gradiometesurveydueto plow zonestripping
but wereableto be clearlydetectedlueto the additionof the GPRandresistivity survey.
Despitebeingunableto easilydiscernsmallerisolatedfeaturessuchasburial andpits,
Mooress work at Kituhwa mounddemonstratethe benefitsof usingmultiple geophysical

tools.
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Figure 2. GeophysicalProjects Relevant to theWork at 31MA684 and 31MA774
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CHAPTER Il

METHODS

Theprojectareais locatedroughly sevenmiles (11.3km)northwestof the town of
Franklinin MaconCounty,NC (Figurel). Site 31MA684 is locatedonthe eastside of
theLittle Tennesse®iver onafloodplainterraceusedfor agriculturalpurposesSite
31MAT774is locateddirectly eastof site 31MA684 andeastof NC 28 andits intersection
with RoseCreekRoad,in afallow field ona hilltop terrace.The elevationgangefrom
roughly1,930AMSL, onthefloodplain,to about1,990AMSL, onthehilltop (Figurel).
Thefloodplainconsistedbf Rosmarfine sandyloam, 0 to 2 percentslopesfrequently
flooded.The hilltop areawaspredominate\Braddockclay loam, erodedwith 2 to 8
percentslopeswith someBraddockclay loam, erodedwith 8 to 15 percentslopesFigure

3) (http://websoilsurvey.sc.egov.usda.gdRosmarsoilsarefoundonflood plainsin the

SouthermppalachiarMountainsandform in recentloamyalluvium derivedfrom
igneous high-grademetamorphior low-grademetasedimentargeology

(https://soilseries.sc.egov.usda.ydn this location,the soil is characterizedby a dark

brownsurfacelayer (A horizon)anda strongbrown (Bw horizon)subsoil(ldol 2017).
Braddockclay loamsoilsarefound on foot slopesof ridgesandhighterracesn
colluviumandalluviumderivedmainly from a mixture of crystallinerocks

(https://soilseries.sc.egov.usda.pdtrrangesn color from reddishbrownsurfacelayer

(Ap horizon)andaredclay (Bw) subsoil(ldol 2017).
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Theprojectarearesideswithin the Appalachiarsummitregionof North Carolina
(Figure2). Thisregioncanbedividedinto 5 mainculturaltime periods Paleoindian
(9000-8000B.C.), Archaic(8003-1000B.C.), Woodland(1000B.C.-1000A.D.),
Mississippian(1000-1500),andProtohistoric/Historid1500- 1838A.D.)-with each
periodbeingsubdividedinto severaphasegldol 2017;Keel 1976;Rodning2004; Ward
andDavis 1999;Wetmore2002).Site 31MA684 hadevidenceof continuedhabitation
from the Paleoindiarperiodthroughthe historic period;site 31MA774 primarily
exhibitedevidenceof habitationin the Late Quallaphasgldol 2017).

Five gridswereestablishedo conductthe geophysicasurveyacrossothsites.A
TopconGTS 233Wtotal stationwasusedto markall grid cornersin relationto the
temporarydatumsestablishedy TRC Inc. This insuredthatthe coordinatesollectedby
the geophysicateamand TRC would accuratelymatchwithin the Geographical
InformationSystem(GIS) usedto analyzethe data.A TopconGR-3 GlobalPositioning
System(GPS)wasthenusedin concertwith thetotal stationto tie the previously
establishedjridsand TRC datumsto UniversalTransversévercator(UTM) Zonel7.

Site 31MA684 (floodplain) wasinitially surveyedwith the magneticgradiometer
followed by the GPR(Figures4 and5); 31MA774 (Hilltop) wassurveyedn the same
manner(Figures6, 7, 8 and9). Magnetometedatawerecollectedby a Bartington601
Dual GradiometeKFigure10) andTerraSurveyoraoftwarewasusedfor all data
processingThe Bartingtoninternalsoftwarelimits surveygrid sizeto either10X10,
20X20,0r 30X30meters After field inspection it wasdeterminedhat 30x30metergrids

would mosteffectivelycover31MA684,the floodplain (Grids 1 and?2). After inspection
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of 31MA774,thehilltop, threesurveylocationswerechoserby TRC andthe geophysical
team;theseincludedtwo 10X10meterlocations,gridsthreeandfive, andone20x20
meterlocation,grid four (Note: Dueto the lack of significantgeophysicafindingsin grid
5, it wasdecidedby TRC to not excavatehis areaandassuchwill not bediscussedny
furtherin this paper).

The GroundPenetratindRadar(GPR)usedwasa GSSI3000with a 400 MHz
antenngFigurell). The samegridswereusedin the GPRsurveyaswith the
magnetometenyith the GPRareacoverageextendingslightly further southat 31MA684
towardsRoseCreekRoadandMcCoy Bridge (Figure5). Eachof thegrid cornerswere
locatedby thetotal station(Figurel).

Prior to magnetometedatacollection,the machinemustbe calibrated.This is
donein asmagneticallyneutralanareaaspossibleon site; the samelocationwasused
eachday. The paceof theinstrumentoperatomwastestedandthe instrumentwassetupfor
thatindividualGs pace.Thedatawerecollectedin a zigzagmannerwalking thegrid in
transectdasedontrue norththensouth.Two lineswerecollect per meter,creating
transectsat 50 centimetelintervals.Eight samplesveretakenper meterfor atotal of one
hundredsixty pertransectTherangewassetto 100nT (nanoTeslajith athresholdof
1nT andarejectrangeof 50 Hertz(Hz) (Aspinall et al. 2008).The dataweredownloaded
from the Bartingtonto computersn the GeographyGIS laboratorythat containedhe
TerraSurveyosoftware.

The magnetometedataof eachgrid wereindividually processedhencombined

into acompositesotheycouldbe clipped,despikedandviewedasawhole.Each
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individual grid wasfirst clippedto approximatelylO nT to improvevisibility, then
DeStaggeretb helpcompensatéor errorsgeneratedvhenoperatorsstartedtoo soonor
toolate.All theindividual gridswerealsoDeStriped.This processhelpsto compensate
for effectsof differentoperatorsinstrumentsetupanddrift. Everyeffort wasmadeto
assurghatdatawerecollectedasconsistentlyaspossible Overallthe dataalignedfairly
consistenthbetweercollectionunitsandthe sameand/orsimilar anomaliesanbe
detectedbetweerthegrids (Clark 1996; Kvamme2006).

GPRdataweregatheredsimilar to thatof the magnetomete-However there
wereno constrainton grid sizeanddimensionsasseenwith the magnetometerT his
allowedthe geophysicateamto run longertransect®nthe floodplain. RoseCreekRoad,
whichrunsperpendiculato thefloodplain, containsa metalguardrale thatobscuredhe
magnetometedata(Figure4), soit washopedthatthe GPRmight be of greatemsein
thatlocation(Figure5). A 400 MHz antennavasusedcollectingdataat 50 centimeter
transectswith adielectricconstansetto 8 anddatawerecollectedin 16-bit format.

All GPRdataweredownloadedrom the RadanSIR3000unit to computersn the
GeographyGIS laboratorywherethe datacould be postprocessedisingRadan?
software.Thefirst postprocessingtepwasto setthe datato time zero,this helpsthe
profile createatrue groundsurfaceby removingspacegeneratedby the antennaarrier.
A backgroundilter wasthenappliedto help normalizethe dataandremovenoise.
Finally, the averageelativedielectricpermittivity (RDP) of the soilswasdeterminedor
eachdateusinghyperbolicreflectionsvisible in the vertical profiles. Thiswas

accomplishedby usingthe ghostfitting tool in the migrationpaneof RADAN 7. After
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fitting the curveto matchhyperbolicshapesthe profile numberandreflectordistance
from thetransecttartwererecordedn a spreadsheeglongwith the velocity estimated
by the ghostfitting tool. The RDP of the soilsaboveeachreflectionwascalculatedn

anothercolumnusingthe formulapublishedby Conyerg(2004):

K =(C/V)2
Where:
K = RelativeDielectric Permittivity

C = speedof light in avacuum,.2998m/ns
V = velocity of radarenergythroughsoil, m/ns

Following the calculationof RDP for eachreflector,the meanRDP of the
collectiondatewereusedfor slice mapexport.Eachslicewasexaminedata.10m
thicknessEachgrid wassavedasa .tiff file andthengeoreferenceébr excavation
planninganddimensionahlnalysisusingArcMap 10.2.2(Conyers,2004;Lowry and
Patch,2010;Patch2008;Patch2009;Patch2010;RadanUser®Manual,2011).

A total of four hundrediwo featuresexcavatedy TRC werelocatedwithin the
remotesensinggrids. A total stationwasused to mark eachfeaturés centroid.A point
file wasthencreatedandoverlaidontothe correspondingemotesensinggridsin
ArcMap 10.2.2.Transectlines, spacebOcmapart,weregeneratean eachgrid sothat
featuresdentified by TRC could be quickly locatedin the specializedyeophysical
software(RADAN 7.4.15for GPR,andTerraSurveyorfor magneticgradiometeryor
analysispurposesWhencomparingthe geophysicasignaturesvith the TRC generated
featurelocationmap,eachdocumentedeaturewould fall into oneof threecategoriedor

analysispurposes:
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0 Yes(y), thegeophysicatataindicatedthe presencef a featurelocatedin thefield

0 Maybe(m), potentialevidencefor afeaturemayberecognizablen the geophysical
data,but notenoughto positivelyidentify

0 No (n), nogeophysicakvidenceexiststhatwould leadresearchert identify the

presencef afeature

Onceeachfeaturds locationwasdeterminedn the GPRandmagnetometer
softwarethe analystwould determinewhich category(Yes, No or Maybe)the feature
would be placed.In RADAN the profile view and3D cubewereinspectedo seeif any
hyperbolicreflectionsor anomalieexisted.If a hyperbolicreflectioncould beseenor a
significantgeophysicahnomalywaspresenthe analystwould indicatedepthand
probablycausesuchaspit or post,anda ¢/ meaninghighly confidentthatthe
geophysicakquipmenidetectedhe feature would be enteredunderthe diGPRbheading
into the attributetable. Featureshatexhibitedweakhyperbolicreflectionsor werein
areaghatexhibitedhoisepsuchascouplingerrorscausedy the antennagoing over
furrowsin a plowedfield or the point locationwasvery closeto otherstronggeophysical
returnsweregivenandna TRC mappedeatureswith no geophysicaevidence
associatedavith their locationsweregivenandin the attributetable. The analysisof the
magnetometedatawasconductedn a mannersimilar to thatof the GPRdata.

Eachfeaturds centroidwasusedto createa point file whichwasthenoverlaidon
the gradiometeremotesensinggrid. A /dwasinputinto the attributetableunderthe
Aagbheadingif monopolaror dipolar signaturesvere presentandwereassociatedavith

afeature Magneticsignatureshatappearedhearthe TRC points,within 50 centimeters
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or lessfrom the markedlocation,andpointsthatwerelocatedon the edgeof theremote
sensinggrids, wherea completeanalysiscould not be completedweregivena émdéunder
the dMlagbheadingin the attributetable.If no magneticvariancewasseenwithin the
vicinity of theassociategboint, the featurewasgivena hdunderthe dMagdheadingin
theattributetable.

Tensetsof sampleq2 in aset)of soil werecollectin thefield for bulk density
analysiswhich givesanindicationof soil compactionwww.nrcs.usda.govEachset
consistedf a sampletakenfrom within the designatedeaturdés matrix andthe soil
matrix directly outsidethe samefeature.The soil augerusedto takeeachsamplehada
width of 0.6 tenthsof aninchwith a collectionsamplelengthof 3 tenthsof aninch.

Englishunitswereconvertedo centimetetto makecalculationseasier:

Diameter=1.7

radius=.85

Height=9.1

Thesenumberswvereplacedinto the formula:

V = %hr
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To computethe Volume of the sample

A wet anddry weightwasestablishedor all samplesisedin the bulk density
analysis.Thiswasaccomplishedy first weighingthetin foil traythatthe soil wasplaced
in, weighingthe tray with the soil, andthenbakingthe soil in a 100 degreeCelsiusoven
for atleasttwo hoursto removeall the moisturefrom the soil. Thetrayswerethen
weighedafterthe removalfrom the oven,subtractinghetin foil tray weightfrom the wet
anddry weightsof the soil sothateachsamplés bulk densitycould be determinedThe

Bulk Densityequationis:

BD=DW/V

Where:

BD is bulk density

DW is thedry weightof the soil sampleand
V is thevolumeof the soil sample
(www.nrcs.usda.ggv
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Figure 3. McCoy Bridge Geophysical Survey Grids with SSURGO Soils Overlay
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Figure 4. MAG684 Grids 1 and 2 Magnetic Gradiometer Results

Figure 5. MAG684 Grids 1 and 2 GPR Results, 4&entimetersBelow
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