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ABSTRACT

Remotelysenseddatahasbecomeaneffective,operative,andapplicabletoolthatprovidescritical
supportforgeologicalsurveysandstudiesbyreducingthecostsandincreasingtheprecision.Advances
inremote-sensingdataanalysismethods,likemachinelearningalgorithms,allowforeasyandimpartial
geologicalmapping.Thisstudyaimstocarryoutarigorouscomparisonoftheperformanceofthree
supervisedclassificationmethods,randomforest,k-nearestneighbor,andmaximumlikelihood,using
remotesensingdataandadditionalinformationinSoukElHadN’Befournaregion.Theenhancement
ofremotesensinggeologicalclassificationbyusinggeomorphometricfeatures,principalcomponent
analysis,graylevelco-occurrencematrix(GLCM),andmultispectraldataoftheSentinel-2Aimagery
washighlighted.Therandomforestalgorithmshowedreliableresultsanddiscriminatedlimestone,
dolomite,conglomerate,sandstoneandrhyolite,siltandalluvium,ignimbrite,granodiorite,lutite,
granite,andquartzite.Thebestoverallaccuracy(~91%)wasachievedbyrandomforestalgorithm.
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INTRodUCTIoN

Geologicalmapsprovidealotofimportantinformationthatcanbeusedinvariousfieldssuchas
landuseplanning,asnoconstructioncanbecarriedoutwithoutapriorstudyofthesoil.Italso
allowsthepreventionofrisksandnaturaldisasters,studiesonoilandmineralresources,aswell
asresearchandexploitationofwater,avitalsourceforthepopulation,faunaandflora.Geological
mappingandmineralexplorationfocusprimarilyonfieldworkandmorelatelyonresearchofremote
sensing.Therapiddevelopmentofremotesensingtechnologiesandnewsensorcapabilitieshave
providedexcellenttoolsforgeologiststoundertakegeologicalmappingstudies.Remotelysensed
imagesallowgeologiststomakeimportantdistinctionsbetweenmorphologicalfeaturesandrock
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types,andtoaidinprospectingfororesandhydrocarbonsGarainetal.,(2019).Itcanprovidenew
geological informationthatcanbeusedbothforproducingnewgeologicalmapsorforupdating
existinglegacygeologicalmaps,inremoteareaswherecollectingfieldobservationsisdifficultSi
Mhamdietal.(2017).Furthermore,predictivegeologicalmapcanbegeneratedatalowercostthan
traditionalfieldmappingprogramsindifficultareaswithinashorttimeperiod.Remotelysensed
datacanyielddetailedinformationonvastareas,particularlyinsemiaridandaridzonesRezaeiet
al.,(2020).However,inroughterrainslitsmallsolarelevationangles,however,topographiceffects
hampertheremotesensingclassificationoflithologicalunitsinmountainousregions.Furthermore,
densevegetationcoveragelikeforestscomplicateslithologicalclassificationsthatrelyonreflectance
sensorsinformationGrebbyetal.,(2010).

TherecentgrowthofEarthObservationtechnologyhasresultedtothelaunchofsophisticated
instruments such as that of the Sentinel-2 series from the European Space Agency (ESA). The
Sentinel2MultispectralImager(MSI)acquiresthirteeninfraredbandsfromvisibleandnearinfrared
(VNIR)toshortwaveinfrared(SWIR)witharesolutionbetween10and60metersandaswathof290
km.TheSentinel-2missionconsistsoftwosatellites:TheSentinel-2AlaunchedonJune23,2015,
andSentinel-2BlaunchedonMarch7,2017witheveryfive-dayglobalcoverageoftheEarth’sland
surface.Thesatellitemissionsfocusedonenvironmentandsecurity,i.e.monitoringofthemarine
environment,atmosphere,landandclimatechange,aswellassupportforemergencyresponseand
security.Furthermore,inrecentyears,themultispectralSentinel-2imagewasconfirmedashaving
mineralcartographicpotentialingeologicalstudies,particularlyfortheabsorptionofiron,because
ofthesimilarorevenbetterspectralframeworkoftheLandsatandSPOTseriesinthevisibleand
near-infraredregionsvanderWerffetvanderMeer,(2015).

Classification isawell-known imageprocessingprocedure forcreating thematicmaps from
remotely sensed data. However, for effective lithological classification, spectral remote sensing
datamustbesupplementedwithotherinformation(Qiu&Ming,2018;Zhouetal.,2019)orother
remotesensingdatasetsthatprovidegeomorphologicalandsubsurfacegeologicalinformation,such
asadigitalelevationmodel(Barnettetal.,2004;Geetal.,2018).Thispromptedustoinvestigate
theeffectivenessofintegratingspectral,spatialandtexturalfeaturesusingthreemachinelearning
algorithmsinlithologicalmapping.Inadditiontospectralcharacteristics(reflectance),thetexture
characteristicsofrocktypes,whichmaybeuniqueduetodifferencesinerosionanddrainagecaused
byphysicalweathering,canprovideausefulinformationcarrierfordistinguishinglithologies.Inthis
study,lithologicalclassificationwasperformedintheSoukElHadN’Befournaregionbelonging
toIfniinlier(westernAnti-Atlas,Morocco).Thecurrentresearchobjectiveswere(1)Tocompare
andassesstheefficiencyofthreemachinelearningalgorithmsnamelyRandomForest,Maximum
Likelihoodandk-NearestNeighborand(2)ToevaluatedtheuseofDigitalElevationModelandtexture
andmorphometricfeaturesforimprovedlithologicalclassifications.Inthisresearch,weextracted
reflectance,PrincipalComponentAnalysis,AngularSecondMoment,Correlation,Contrast,Entropy,
andMeantexturesfeaturewereextractedfromSentinel-2Aimageryandcalculatedgeomorphometric
parameters from Digital Elevation Model (DEM) data of ALOS/PALSAR. The precision of the
classifiedlithologicalmapswastestedthroughfieldworkandlegacygeologicalmap.

GEoGRAPHIC ANd GEoLoGICAL SETTINGS oF THE STUdy AREA

Geographical Location
TheIfniInlier(Figure1b)issituatedapproximately150kmsouthofthecityofAgadir,intheextreme
westoftheAnti-Atlas,betweentheparallels29°5‘and29°45’Northandthemeridians9°50‘and
10°30’West.Itspreadsoveranareaof1620squarekilometersandborderstheTiznitplaintothe
North,theLakhssasplateautotheEast,theBouIzakarnplaintotheSouth,andtheAtlanticOcean
totheWest.TheSoukElHadN’BefournastudyareaissituatedinthenorthernpartofIfniinlier
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