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R a i n e r  K o m p

Enteringtheeraoflandscape-scalegeomagneticsurveys
–technologicaladvancements

Postęptechnologicznywbadaniachgeomagnetycznych
naddawnymkrajobrazem

Abstract:Recent development of geomagnetic devices for non-destructive landscape
-scalesurveyshasrespondedtothechallengeofactualarchaeologicalresearchagendaand
internationalregulationsfortheprotectionofculturalheritage.
Keywords: geomagnetic, remote sensing, non-invasive prospection, cultural heritage,
dataanalysis,GIS
Abstrakt:Obecny rozwójurządzeńdonieinwazyjnychbadańgeomagnetycznychkraj-
obrazuodpowiadacelomiwyzwaniomwspółczesnejarcheologiiorazmiędzynarodowym
ustaleniomdotyczącymochronydziedzictwakulturowego.
Słowakluczowe: geomagnetyka, teledetekcjaarcheologiczna,prospekcjanieinwazyjna,
dziedzictwokulturowe,analizadanych,GIS

Lookingatpiecesofantiqueartworkor(pre-)historicmonumentsisim-
pressive–though,weknowthatbymeansofsingleartefactsonlywecanbarely
conceivepastculturesandsocieties intheirmanifoldaspects.Theambition
ofarchaeologicalscienceistodiscoverasmanyfeaturesaspossibletore-join
singlepieces(literallyandfiguratively),andthisincludesthecontextaswell
asimmediateandlargersurroundingsofmonumentsthatfinallycontributeto
ourunderstandingoftheirpurpose.
Researchhasshownthatpeoplehavenotjustbuiltmonumentalarchitecture

atisolatedpointsinthelandscape,buthaveusedvastareasofthelandscapeas
livingspaceandritualsites.Wehaveonlyrecentlydiscoveredthate.g.Neolithic
Stonehengewasnotanisolatedmonument,butinfactonlyasinglecomponent
ofaspaciouslysiteconsistingatleastofmorehenges,acursusandmounds
(Darvill et al. 2013); ongoing investigation suggests the same forAvebury
(Darvill,Lüth2016).Geophysical researchatGöbekliTepehasproven that
hithertoonly1.5%oftheastonishingextensiveEpipaleolithicsiteisknownby
excavation(Schmidt2009;Notroff2018).
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Questionsofcontinuityanddiscontinuityinlanduseappearandoneofthe
mostimportantquestionsis:whatkindofusewasmadeofthelandbetweenthe
monumentsweknow?Arethereemptyspacesandweretheseemptyspacespart
ofthedesignconcept?Settlementshavebeencoveredbydesertandprosperous
urbanareasaresunkendeeplybelowvolcanicashes.Numeroussuperstructures
likemonumentalstonesettings,embankments,earthworksorditch-systems
remainvisibleuntiltoday.Ontheotherside,monumentshavebeenstrippedfor
reuseofbuildingmaterial;moreinconspicuousstructureserodedintime,have
notbeenrecognizedorratherignoredandfinallyplougheddownbymodern
landuse.Thelossofmonumentsthroughouttherecenteraofindustrializa-
tionbylandseizureandagricultureistremendous.However,whilenotvisible
anymoreaboveground,somewhatdistinctorevenonlysubtletracesofour
ancestorshavesurvivedburiedinthesubsoil.
Preservinghistoricalmonumentsneedssustainableeffortsinordertocoun-

teracttheiraccidentalorunconcerneddestruction.Firststepistogetknowledge
ofhiddensitesandhavethemregistered.Second,wehavetolearnaboutextent
andcondition.Furthermore,ascientificresearchagendawilldistinguishand
documentitsculturalsignificance.Andfinally,amanagementandpreserva-
tionplanwillassureprotectioninthelongterm.Tofulfiltheseperceptionsof
researchneedsandculturalheritageprotectionnewmethodologicalapproaches
andtechnologieshaveconstantlytobedevelopedandapplied.
Furthermore,internationallegalguidelinesencouragedthenewapproaches.

Forty-sixmemberStatesof theCouncilofEuropehave signedandratified
theEuropeanConventionontheProtectionof theArchaeologicalHeritage
(Revised),LaValetta1992;asoneofmanyconcernstheStatepartiesagreedin
Article3togivenon-invasivemethodspreference:“Topreservethearchaeologi-
calheritageandguaranteethescientificsignificanceofarchaeologicalresearch
work, eachPartyundertakes: to applyprocedures for the authorisation and
supervisionofexcavationandotherarchaeologicalactivitiesinsuchawayas:
“[…]toensurethatarchaeologicalexcavationsandprospectingareundertaken
inascientificmannerandprovidedthat:non-destructivemethodsofinvestiga-
tionareappliedwhereverpossible[…]”(EuropeanConvention1992).Hence,
all stateshavingapproved theconventionarecommitted toact accordingly.
Fulfillingallthesetaskswillalsobepremisestoprotectextraordinarycultural
sitesbeingacknowledgedasworldheritagebytheUNESCO.
Whilearchaeologybackinthe19thandearly20thcenturyoftenwasde-

signedaslarge-scaleexcavationsemployinghundredsofworkmenandimple-
menting trackways for the ‘rubble’, thepresent-dayparadigm is topreserve
historicalsubstanceandtoopensectionsonlyaslargeasnecessarybutassmall
aspossible.Investigatingprehistoricandhistoricallandscapesinhighresolution



693

andinacost-effectivewayrequiresacombinationofmethodologiesandana-
lyticaltools.Moderntechnologiesarepartoftheportfolioofarchaeological
investigationmethods:aerialphotographyisfrequentlyusedsincethe1920s,
followedbysatelliteimagingsincethe1970sandLIDARsincethe1990s;each
ofthesemethodshascontributedtoanoverallinsightoflargeprehistoricsites
andmonuments.Itwasnotonlytheoverviewofstill-visiblestructuresand
theirsettingsinthelandscapethatmadethedifference,itwasthediscoveryof
hiddenstructuresinthesubsoilthathelpedtocompletethepictureandbetter
understandthecomplexityof (pre-)historicmonuments.Eachmethodhas
itsprosandcons;interpretationofaerialimaginge.g.ishighlydependenton
actualclimaticandsoilconditions.
Inaddition,differentgeophysicalmethods(seeClark1990;Zickgraf1999;

Neubauer 2001; Jones 2008;Becker 2016)havebeen successfullyusedon
archaeological sites andcontributedevendeeper insights into the (internal)
structureofmonuments.Geomagneticsurveyisawell-established,rapidand
non-destructivemethodfordetectingarchaeologicalfeatures.Magnetometers
combinespeedwithhighspatialresolution,andtheirmeasurementsarelargely
independentof the current soilwater content (in contrast to geoelectrics).
Human activity canmodify themagnetic signatureof the soil.Only slight
deviationsofsoilmagneticsusceptibilitydistinguishnaturalsoilfromhuman
intervention.Duetothenecessityofanadequatemagneticcontrast,itisnot
always easy to recognize features clearly.Moreover, iron-bearingmaterial,
e.g.,somebedrocklikebasalt,canineffectblindthemagnetometertothesub-
tlermagneticsignaturesofarchaeologicalfeatures.Ingeneral,pitsandditches,
refilledwithorganic-richmaterial,aredetectableaspositiveanomalies;deposits
ofstonethatdisplacemagneticsedimentsappearasnegativeanomalies.Iron
objects,igneousrocks,andintenselyburnedfeaturescreatemagneticdipoles,
whicharerelatedtopermanentlymagnetized,orthermoremanent,features.
Modernwastedumpsareacommonsourceofdipolaranomaliesinagricul-
turalfields.(Cf.Berghausen2013;Fassbinder2015;Hahn,Fassbinder2021)
Untilrecently,theuseofgeomagneticapplianceswasrestrictedtosmallsites

comparedtoaerialorsatellitesurveys.Itseemedimpossibletosurveylargepre-
historicandhistoricalregionsbymeansofmagnetometry.Accordingly,itwas
appliedinparticularintheinteriorofenclosedsites,fromwhichtheexistence
ofarchaeologicalremainswasbasicallyknown;butthesurroundingshaverarely
beeninvestigated–thecostexpensesandrequirementsformanpowerwere
intolerableforexternalareasthatmightnotbearanyadditionalinformation.
Magnetometry,hence, to largeextentwaswrongly reduced toacknowledge
mostly alreadyknown facts.Pretended limitationsof this technique lead to
restrictedutilization.
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Theneedforlandscape-scaleinvestigationsinspiredateamattheGerman
ArchaeologicalInstitute,ledbyFriedrichLüth,todevelopageomagneticdevice
forlargescalearchaeologicalsurveys.Theapproach,indeed,needslargescale
findingsbutkey-holelikeexamplesofdetails.Anotheressentialrequirement
wastoengineerauser-friendlyappliancethatcouldbeassembledandoperated
easilybyarchaeologists,whoshouldalsobeprovidedwithsoftwaretoprocess
thehighresolutiondatainordertovisualiseandinterpretarchaeologicalfind-
ingsontheirown.Finally,theresultingdatashouldbesustainableandreusable
inothercontexts.
Inordertoachievethesegoals,theGermanArchaeologicalInstituteentered

ajointventurewithSENSYS,aGermancompanyspecializedinmagneticand
electromagnetic survey systems and components.Theproject initiallywas
generouslyfundedfrom2009to2011andagainfrom2014to2016byaspecial
economicdevelopment scheme through theGermanFederalMinistry for
EconomicAffairsandEnergy1,andcontinuedinthelongterm.
Thecooperationresulted,firstofall,inacarrierMagneto®MXdesigned

forsurveyinglargeareas(Fig.1).Itissetupasatowedarrayofupto16flux-
gategradiometersattachedtoanon-magneticframeatusually25cmintervals,
producingatthemosta4-meterswathofdatawitheachpassofthesystem.
Fourwheelsjoinedbybracketswithefficientsuspensionprovidemobilityto
thewholeframe.Byadjustingthesuspension,theheightofthesensorsabove
thegroundcanbemanagedbetween10and40cm–accordingtotherough-
nessoftheterrain.
Thefirstversionofthecarriercamewitharobustglassfibreframe,weigh-

ing130kganda7mlongdrawbar;thisisstilladvisedforuseinheavyterrain.
ThesecondversionMagneto®MXV3isdesignedasacompletelymodular
system,whichcanbeconfiguredasa1or2mpushvariantor2to4mtowed
rigasneeded.Therathersmallfibrereinforcedcomponents,resultinginan
overallweightofonly45kg,caneasilybe stowede.g. in twobicyclecases;
thedrawbarwasreducedto5m.Thoughlightweightandflexible,theappliance
isstillverysturdy;theconnectionsbetweenthecomponentsusingplasticbolts,
inourexperience,serveasakindofpredeterminedbreakingpointsintheevent
ofcracks inunforeseenheavy terrain–whichcanbe repaired immediately.
The fluxgate sensors in theSENSYSmodelFGM650/3have a standard

measurementrangeof±8,000Nanotesla(nT,unitofmagneticfieldstrength).
Ineachprobe,orgradiometer,thesensorsarespaced65cmapart,oneatopthe
other,andprovidemeasurementsofthedifferencebetweenthetopandbottom
sensortowithin0.1nT.

1 “ZIM”–Zentrales InnovationsprogrammMittelstand,whichmeans “Central Innovation
Programmeforsmallandmedium-sizedenterprises”
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AcentralunitcalledMX-boxbundlesanddigitizestheanaloguedatasig-
nalsfromthesensors.Whiletheoriginalunitoperatedwithasamplingrateof
20Hzanda16-bitdigitization(resultinginameasurementrangerestrictedto
±3,000Nanotesla),thenewerMXcompactunitprocessessamplingratesin
gradesupto200Hzandthefull24-bitrangeof±8,000Nanotesla.Theexpe-
rienceshowsthatthemagneticmeasurementsineachprobearetakenideally
ata100Hzfrequencyconfiguration;therefore,anddependingonthedriving
speed,thefullyequippedsystemrecords16evenlyspacedmeasurementsevery
3to4cmindrivingdirection.Thisproducesdatadensityofabout100mea-
surementspersquaremeter.
Thedigitizertransmitsthedatatothecontroldevice,usuallyanotebookor

tabletintheoperator’sviewfield,forimmediatetrackcontrolandstorageby
asingleLAN-cableorevenW-LAN(comparedtoawirebundlethathadtobe
conductedtotheformerunitversion).
Thesystemisequippedwithahighlevel(SurveyGrade),Real-timeKine-

matic(RTK)globalpositioningsystem(GPS)toprovideexactcoordinatesfor
eachmagneticreading.WhiletheGPSantennaofthemovingdevice(therover)
isfixedontheframeholdingthemagnetometers,anearbyreferencestation,
ideallypositionedontopofacalibratedgeodeticpoint,steadilytransmitscor-
rectionvaluestotheroverbyradio.Toapplythecoordinatestothecollected
magnetometryvalues,thedatavaluesarematchedusingtimestamps;therefore,
theclocksoftheGPSandthemagnetometer’sdataloggeraresynchronizedat
thebeginningofeachsession.MagneticreadingsrecordedbetweenGPSposi-
tionsareassignedevenlyspacedpositionsbetweentheGPSreadings.TheGPS
coordinatesareoriginallyrecordedonepersecond,butactualGPS-appliances
evenprovideratesofupto10Hz;thereforethereduceddistanceforinterpola-
tionmakesthedataclearlymoreprecise.InterruptionsinGPSdataandradio
signaltransmissionbetweentheroverandthebasestation,whichusuallycan
beasfaras3kmapart,mightbeaproblem,soattentionshouldbegivento
terrainconditionsinadvance.
Thecomplete system ispoweredby a commoncarbattery that lasts for

adaysurveying;itisrecommendedtouseAGMorlead-gelbatteriesinorder
to accommodate thenecessary continuous charging anddischarging cycles.
Besidethesmallerpushvariant,anoff-roadvehicleisusedtotowthearray,

aswell as carry the electronics, power supply, controlunit, and the system
operator.Especiallyforthelightrig,aquadbikeisthebestsolution.Anappro-
priatedrivingspeedconsideringtheterrainandtechnicallimitsoftheframe
isabout15km/h.
Aconsistentsurveymethodshouldbeusedwhilecollectingthemagnetic

data. Inprinciple, following the farmers’ strategy to till the field is a good
idea: first,because theyknowbesthowto treat the field’s shapeefficiently;
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second,carryingthesensorsalongwithseedrowsandfurrowsavoidsdistur-
banceofthesensorsthroughvibration.Itisadvisabletodivideverylargeareas
upintosmallerareas,e.g.thesizeoffootballfields.Withinthesesmallerareas,
thesurveyideallystartswith4–5tracks/swathscirclingaroundtheborderof
thearea.Oncetheareaisoutlined,thesystemcontinuestoberuninloops,
butwithoutcollectingdataintheoutlinedends.Inthiswaymosttracksofdata
arecollectedwiththesystempointinginthesamedirectionasneighbouring
tracks,whichreduceschangesinthemagneticreadingsrelatedtothedriving
directionandtheangleoftheearth’smagneticfield.Forthesamereasoncurves
mustbeavoided;insteadtrackscanbeinterruptedandstartedagain.Sensorand
positiondataarerecordedinalivestreambythecontrolunitmentionedabove
sothattrackscanreadilybeseenontheflyonthecontrolmonitor;this,and
beingabletoseetheprevioustracks’tiremarksinthegrass,helpsensureeven
coverageoverthesurveyarea.Followingthetracksinthegivenspeedasstraight
aspossible,andinthesametimeavoidingoverlapswithprevioustracksaswell
as gapsbetween them is themost challenging task for the systemoperator.
Theentiredevelopmentcycleswereconductedbyintenseexchangeofideas,

specifyingrequirementsandfeedbackbetweenpartnersfromfieldexperience
andfailures,resultinginoptimizingandtestingagain.Finally,areasonablesur-
veymanagementandexcellentterrainconditionsprovidedthedailyteamwork-
performanceresultsinupto25haofprospectedareainhighresolution,which
caneasilybemultipliedoperatingseveraldevicesatonce.
Havingdevelopedthelargelandscapescalecapablecarrierinthefirstplace,

secondlythedataprocessingwasanotherurgentmissionwithintheproject.
Thesoftwareforassessmentofdatawassplitintoacommercialandanopen
sourcebranch.WhileSENSYSservestheformerexclusivelyforarchaeological
aswellasforotherexploitationmethodslikesurveyingunexplodedordinance
(UXO),theGermanArchaeologicalInstituteengagedinanalternativeprocess-
ingpipelineforarchaeologicalneedsbasedonopensourcemodules.
Usingthenewhighperformantsystemhasdrasticallyincreasedinrecent

years:earliersurveysusingsingle-sensorsystemsproducedarelativelyman-
ageableamountofdataofabout0.5haperdayunderfavourableconditions
(Cf.Aitken1974,234f.),todayasinglepersonusingahigh-resolutionmulti-
sensorsystemcancover15ormorehectaresperday,generatingapprox.one
million readingsperhectareplus geodetic information.While this growing
capacity allows for applying this typeof survey for landscape-scale research
objectives effectively, the tremendous amount of data exceeds the capaci-
ties ofmanual interpretationby far.TheGermanArchaeological Institute
nowoperatestwo16-sensorfluxgate-magnetometerrigssimultaneously,re-
sultinge.g. inabout7km²coverageofasinglesitewithinoneseasononly.
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Beside theexhaustive timerequirement,manual interpretativevectorisation
isalwayssubjectiveandratherinaccurate.Toanalyseandinterpretthisamount
ofdata in a reproducible andmore efficientway,new tools andworkflows
hadtobedeveloped.
Insteadofcreatingcompletelynew,proprietarysoftware,theGermanArchae-

ologicalInstitutedecidedtomakeuseofthetools(binarisation,vectorisation,
interpolation,cleaningandsmoothing)alreadyavailableinopen-sourceGIS
libraries,suchasGRASSorSAGA.Usingjavaprogrammingandtheready-
to-useQGISgraphicalmodeller,theteamdevelopedscriptstoautomatizethis
process(Komp,Goldmann2021).
ThefirstandmaintaskwastohandleandintegratetherawdataintoGIS.

Thisallowsforselectionofdataandremovingfailedreadings,ifnecessary,as
wellasfastvisualizationofthesurveyresults.Oneofthefirstprocessingsteps
istheremovalofstripingfromthedata.Sincethesensorscannotbecalibrated
toexactlythesamebaselevelinthefield,thevaluesofeachsensorroware
shiftedsomewhatcomparedtotheotherrows.Hence,astripeeffectoccurs
whenvaluesareillustratedasgreyshades.Acompensationfunctionisapplied
tothedatawiththesoftwareandthissetsalllinesofdatatothesameback-
groundlevel.Interpolationisusedtofillsmallspacesincaseofmissingdata.
Theresultingmagnetogramshowsthemagneticdatae.g.asagreyscalemap,
wherelowervaluesarelightandhighervaluesaredark.Itispossibletoenhance
thepicturebyemphasizingatightrangeofvalues,sincearchaeologicalfeatures
usuallyonlyshowveryslightdeviationsfromthegeneralmagneticbackground.
Therefore,settingarangetypicallybetween-7nTand+7nTfocusesonde-
tailsofarchaeologicalinterestforfurtheranalysis.GISallowsthereferenced
magneticdatatobeintegratedwithothersurveyorexcavationdata.
Thenextstep,interpretingvastamountsofdataisacommonchallengein

remotesensingapplications.Inthecaseoftraditional,single-axisgeomagnetic
datatheinterpretationissomewhatcomplexbythefactthatonlythemagnetic
fluxdensityisrecorded.This,apartfrombeingaffectedbypastanthropogenic
andgeologicalactivities,canalsobedistortedbyanumberofotherfactors,
includingthelocationontheglobe,thedirectionofmeasurementaswellasdis-
turbancescausedbythevehicleorpersonmovingtheinstrument.Archaeologi-
calfeaturescannoteasilybedistinguishedfromtheseotheranomalies(Fig.2:a).
Wedecidedforanapproachtoreclassifytheoriginalmeasurementreadings,
e.g.,intoabinaryrastercontainingonlythenumber1codingmagneticvalues
aboveacertainthresholdand0codingvaluesbelow(Fig.2:b).Avectorization
toolthentracestheedgebetween1and0resultinginpolygon-features.Since
thethresholdvaluecanbesetdownto0.1nTthismethodisfarmoreprecise
thananymanualvectorisation(Fig.3:a).
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The general approach todo this for geomagnetic datahas been around
quitealongtime(Neubauer2001,125–129;seealsoStampolidis,Tsokas2012;
Schmidt,Tsetskhladze2013;Hinterleitneretal.2015).Althoughrawgeomag-
neticdatadonotprovidemuchpotential forclassification, therearecertain
characteristics allowing fordistinguishing anomalies,which canbe statisti-
callyanalysedandusedforautomaticclassifications.Dopole-features,mainly
representingmodernirondebris,aremarkedbyanegativeminimumpaired
with a positivemaximum,which are, however, oftennot directly adjacent.
Directlyvectorisingsuchdipoles,resultsintwoseparatepolygons,whochdo
notqualifyimmediatelyforstatisticalanalysis.Therefore,singlefeaturesare
createdthroughbufferingandmergingtheseparts.Therapidchangefromhigh
tolowvaluesisreflectedindifferentterrainparameters,amongwhichespecially
theterrainruggednessindexITRI)provedtobeusefulwhenscreeningdipoles
fromotherfeatures.Certainterrainparametersincludingmeasuredvalueslike
maximaandminimaaswellasgeometricinceslikeroundnessandcomplexity
wereaddedtotheattributetableofthevectorisedfeaturesandcanbeusedfor
aquery-basedclassification(seeFig.3:b).
ThetoolsdevelopedbytheGermanArchaeologicalInstitutefacilitatethe

vectorisationandinterpretationoflargesurveyareasconsiderably.Fieldscov-
eringseveralhectarescouldbeanalysedandvisualisedwithaneasilyreadable,
classifiedvectormapwithinminutesinsteadofhours.Whiletherecognition
rateforfeatureslikepitsorwelldefineddipolesisgood,linearfeatureslikelong
ditchesorwallsneedmoreattention.Ofcourse,thesetoolsdonotreplacethe
humananalyst,whohastosettheparametersandmakethedecisionsinthe
end,butitprovidesaneffectiveassistanceaswellasenablingtransparencyand
reproducibilityoftheresults.
Thedemandforarchaeologicalresearchatalandscape-scalelevelandthe

requirementfornon-destructiveapproachesconfrontthearchaeologicalcom-
munitywithchallenges.Hence, therecentendeavourshaveshownexciting
andsuccessfultechnologicaladvancementsfortheapplicationinthecontext
ofarchaeologicalresearch.Thecooperationofbusinessandsciencehasbeen
awin-win situation, since commercial partners could engage in specialised
productsforverysmallmarketsegmentsandarchaeologicalsciencebenefits
fromapplicationsfullyadaptedtoitsneeds.Finally,allmainrequirementshave
beenfulfilled:thesystemcanbeassembledandoperatedeasilybyarchaeolo-
gists;thevastamountofdata,presentedinopenformat,canbehandled,analy-
sedanddepictedextremelyperformantandsuccessfully.
Thefollowingparagraphswillbrieflyreferencesomeexamplesoftheprof-

itableapplicationofsuchstate-of-the-artresearch,forwhichthepublications
areinpreparation.
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Thestillongoingmagnetometry-analysisnowbeingappliedtoWorldHeri-
tagesitessuchasthelandscapearoundStonehengeandAveburyinEngland
hasrevealedhundredsofnewfeaturesaroundbothoftheseiconicEnglishsites
(Darvilletal.2013).
AttheprincelysiteofMontLassoisinFrancethelandscapesurveysallowed

togaininformationofthesurroundingsbasedonfactsforreconstructionof
suburbanareasinsteadofmodellinglandusefollowinghypothesesonly.The
resultssuggestthatrepresentativeapsidalbuildingshavenotonlybeenlocated
intheresidentialareasitebutwerebuiltattheharboursiteforminganimpres-
sivereception.(Chaumeetal.2020;Goldmann2021;Goldmannetal.2021)
TheprojectANRMONUMENaimstoexplorethephenomenonofame-

galithiclandscapeinsouthwesternFrancebetweenthe5thand3rdmillennium
BC(MONUMEN2018).Largescalegeomagneticsurveysnowrevealgiant
embankments,whichhaveyetnotbeendetectedbysatelliteanalyses.Atthe
sametimethehighresolutiontechniquealsodetectsbuildingsuptothelevel
ofpostholes(MONUMEN2020).
Landscapescalegeomagneticsurveyshavecontributedtodescribetheextent

andstateofpreservationofdifferentRomanmilitarysitesandancillaryfeatures
oftheLowerGermanLimesnearXanten/Vetera(Bödeckeretal.2018),acritical
contributionforthesuccessthattheLowerGermanLimeshasrecentlybeen
appointed as aUNESCOWorldHeritageSite (NiedergermanischerLimes
2020;Polaketal.2019).
Finally,alsositesoftheHopewellcultureinOhio,USA,anancientAmeri-

canIndianceremonialcomplexofmonumentalscaleandcomplexity,aunitof
theUSNationalParkSystem,aretobecomeacandidateforserialnomination
to theUNESCOWorldHeritageList.For this,we transferred the techno-
logytotheNewWorldandprovedthattracesofvastearthworksknownfrom
earlyinvestigatorsstillremainunderground–andlargeareasinbetweenthese
monumentscontainfeatureslikemoundsandpostcircles(Kompetal.2020).
Whileoptimisation and furtherdevelopmentnever ends, actual research

questions focuson the applicability of geomagnetic surveyson theAfrican
continent,wherethedifferentsettingsofthemagneticfieldoftheearthnear
theequatorposesspecialchallenges.
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Fig.1.SensysMXV2andV3multi-sensormagnetometersinfrontofMontLassois.Photo-
graphbyDAI/E.Runge
Ryc. 1.MagnetometrywieloczujnikoweSensysMXV2 iV3na tleMonsLassois. Fot.DAI
/E.Runge
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Fig.2.Fromlefttoright:a–originalmagnetogram;b–binaryrastercreatedusingathreshold
of2nT.PreparedbyDAI/L.Goldmann
Ryc.2.Odlewejdoprawej:a–oryginalnymagnetogram;b–binarnyrasterwygenerowanyprzy
pomocyprogu2nT.Wyk.DAI/L.Goldmann

Fig. 3. From left to right: a – magnetogram with vectorized anomalies; b – anomalies semi
-automaticallyclassifiedasdipoles,pits,noiseandaditchfeature.PreparedbyDAI/L.Goldmann
Ryc.3.Odlewejdoprawej:a–magnetogramzezwektoryzowanymianomaliami;b–anomalie
automatyczniezaklasyfikowanejakodipole,jamy,szumirów.Wyk.DAI/L.Goldmann
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Enteringtheeraoflandscape-scalegeomagneticsurveys
–technologicaladvancements

Summary
Tofulfilperceptionsofactualresearchagendaandculturalheritageprotection,new
methodological approaches and technologies using geomagnetic devices for non-
destructivelandscape-scalesurveys,haverespondedtothischallenge.
Whilegeomagnetic appliances since thenwere restricted to small sitesonly, the

needforlandscape-scaleinvestigationsinspiredateamattheGermanArchaeological
Institute (Deutsches Archäologisches Institut), led by Friedrich Lüth, to develop
ageomagneticdeviceforlargescalearchaeologicalsurveys.
In a government-funded co-operation theGermanArchaeological Institute and

SENSYS, a German company specialized inmagnetic and electromagnetic survey
systemsandcomponents,engineeredavehicle-towedrigcarryingup to16sensors
at 4 m width. The GPS-referenced lightweight device is fully flexible and user
friendly;itcanbeassembledandoperatedbyarchaeologistsatlow-threshold.Open
source-softwareallowsthedatatobetreatedinGISforvisualizationandintegration
with other sources. Additional approaches address classification and assisted
automaticrecognitionofarchaeologicalfeatures.
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Postęptechnologicznywbadaniachgeomagnetycznych
naddawnymkrajobrazem

Streszczenie
Nowe metodologie i technologie geomagnetyczne, pozwalające na nieinwazyjne
badaniadawnegokrajobrazu,odpowiadającelomizadaniomstawianymwspółczesnej
archeologiiorazochroniedziedzictwaarcheologicznego.
Dotychczasowezastosowaniametodygeomagnetycznejograniczałysiędobadania

pojedynczych stanowisk. Potrzeba szerszych badań, obejmujących większe przes-
trzenie, stała się impulsem dla zespołu z Niemieckiego Instytutu Archeologicz-
nego (Deutsches Archäologisches Institut) pod kierunkiem Friedricha Lütha do
modernizacjiodpowiedniegosprzętubadawczego.
Finansowana przez źródła rządowe współpraca z niemiecką firmą SENSYS,

wyspecjalizowaną w systemach i komponentach stosowanych w prospekcji
magnetycznej i elektromagnetycznej, zaowocowała skonstruowaniem przyczepy
(oszerokości4m),naktórejmożnaumieścić iprzewozićdo16czujników.Sprzęt
jestlekkiiłatwywobsłudze,możebyćużywanyprzezarcheologówzminimalnym
przeszkoleniem. Swoją pozycję weryfikuje poprzez GPS. Oprogramowanie
open source umożliwia wizualizację i integrację danych pozyskanych z różnych
źródeł. Dodatkowo możliwa jest klasyfikacja i zautomatyzowana identyfikacja
strukturarcheologicznych.
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