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IntroductionIntroduction
Mines and related mining activities, mine tailings, and wastes oMines and related mining activities, mine tailings, and wastes off
ore smelters cause severe local environmental impact all overore smelters cause severe local environmental impact all over
the world.the world.

After leaving off, theAfter leaving off, the recultivationrecultivation of abandoned mining sitesof abandoned mining sites
are often omitted, which could lead the contamination of soil,are often omitted, which could lead the contamination of soil,
surface and underground water in long term, so these sitessurface and underground water in long term, so these sites
possess potential risk for the environment.possess potential risk for the environment.

One of the most important achievement in remote sensing wasOne of the most important achievement in remote sensing was
the development ofthe development of hyprespectralhyprespectral sensors and software tosensors and software to
analyzed the obtainedanalyzed the obtained hyperspectralhyperspectral data. Ondata. On hyperspectralhyperspectral
images the reflectance of every pixel is measured in manyimages the reflectance of every pixel is measured in many
narrow, butnarrow, but neighbouringneighbouring wavelengths interval. The spectralwavelengths interval. The spectral
profiles/properties of each pixels provide appropriateprofiles/properties of each pixels provide appropriate
information for the identification of materials in pixels.information for the identification of materials in pixels.
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�� The examined area is flotation sludge reservoirThe examined area is flotation sludge reservoir
of abandonedof abandoned PbPb--Zn mining site located inZn mining site located in
GyöngyösorosziGyöngyösoroszi, Northern Hungary, Northern Hungary

Materials and methodsMaterials and methods
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�� TheThe hyperspectralhyperspectral image of the flotation sludge isimage of the flotation sludge is
obtained by using a Digital Airborne Imagingobtained by using a Digital Airborne Imaging
Spectrometer DAIS 7915, in the frame of DLRSpectrometer DAIS 7915, in the frame of DLR
HySensHySens first Hungarianfirst Hungarian hyperspectralhyperspectral flightflight
campaign (21/08/2002).campaign (21/08/2002).

�� Technical parameter of DAIS 7915 sensor:Technical parameter of DAIS 7915 sensor:
�� It has 80 spectral channels from visible to infraredIt has 80 spectral channels from visible to infrared

interval;interval;
�� 450450 -- 2450 nm: 72 narrowband channel for surface2450 nm: 72 narrowband channel for surface

examination with special regard to soil and plantexamination with special regard to soil and plant
interactions;interactions;

�� 80008000 -- 12000 nm: 8 channel for determination of12000 nm: 8 channel for determination of
temperature.temperature.

�� Parallel to the flight campaign heavy metal contentParallel to the flight campaign heavy metal content
of soil samples were examined from the area of theof soil samples were examined from the area of the
flotation sludge.flotation sludge.

Materials and methodsMaterials and methods

MOKKA Conference, June 15. 2007.



Examined minerals:Examined minerals:
�� TheThe oxidativeoxidative acidicacidic weatheringweathering ofof pyrirticpyrirtic

materialsmaterials onon minemine tailingstailings andand flotationflotation sludgesludge
significantlysignificantly contributecontribute toto thethe acidificationacidification
processesprocesses asas wellwell asas thethe solubilitysolubility ofof heavyheavy
metalsmetals (Pb,(Pb, ZnZn,, CuCu,, etcetc.).) inin waterwater.. ThereforeTherefore,,
mappingmapping ofof thesethese acidicacidic andand heavyheavy metalmetal
containingcontaining mineralsminerals isis importantimportant inin
environmantalenvironmantal statestate assesmentassesment ofof thethe examinedexamined
areaarea::
�� jarositejarosite (KFe(KFe33(SO(SO44))22(OH)(OH)66),),
�� sphaleritsphalerit ((Zn,((Zn, Fe)SFe)S),),
�� pyrite (FeSpyrite (FeS22),),
�� galena (galena (PbSPbS),),
�� goethite (goethite (FeO(OHFeO(OH)).)).
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�� Applying the Spectral AngleApplying the Spectral Angle MapperMapper withwith
BandMaxBandMax classificationclassification inin ENVI 4.3 softwareENVI 4.3 software thethe
distribution of minerals (galena, pyrite,distribution of minerals (galena, pyrite,
sphaleritesphalerite, goethite,, goethite, jarositjarosit) in the area was) in the area was
defineddefined basedbased onon the USGIS standard spectralthe USGIS standard spectral
profilesprofiles ofof thethe mineralsminerals..

�� The DAIS sensor recorded spectra at SWIR I,IIThe DAIS sensor recorded spectra at SWIR I,II
(1,5(1,5--1,8; 2,01,8; 2,0--2,52,5 µµmm ) as well, which can be used) as well, which can be used
for the determination of heavyfor the determination of heavy--metal containingmetal containing
mineralsminerals..

�� PPrincipalrincipal component analysis and correlationcomponent analysis and correlation
coefficientcoefficient werewere countedcounted withinwithin heavyheavy metalsmetals
basedbased onon thethe measuredmeasured heavyheavy metalmetal contentcontent ofof
samplessamples..
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ResultsResults
According to the results, all of the mineral formationsAccording to the results, all of the mineral formations
(containing(containing PbPb/Zn) have the same spatial distribution in/Zn) have the same spatial distribution in
flotation sludge reservoir.flotation sludge reservoir.
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ResultsResults
The highest correlations were found betweenThe highest correlations were found between PbPb--Zn, FeZn, Fe--ZnZn
and between Feand between Fe--PbPb ((TableTable 1)1).. ThisThis resultresult areare alsoalso supportedsupported
byby tthe results of the principal component analysis, wherehe results of the principal component analysis, where
usuallyusually PbPb, Zn, Fe introduce the main component., Zn, Fe introduce the main component.
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AtAt thethe examinedexamined sitesite,, inin thethe frameframe ofof
hyperspectralhyperspectral informationinformation,, thethe spatialspatial
distributiondistribution ofof Pb,Pb, ZnZn,, FeFe containingcontaining mineralsminerals areare
similarsimilar,, whichwhich waswas verifiedverified byby thethe analysisanalysis ofof
heavyheavy metalmetal contentcontent ofof thethe soilsoil samlessamles.. ThThisis
resultresult suggestssuggests,, thatthat hyperspectralhyperspectral remoteremote
sensing is an effective tool for thesensing is an effective tool for the
characterization and modeling the distribution ofcharacterization and modeling the distribution of
PbPb, Zn and Fe containing minerals at the, Zn and Fe containing minerals at the
examined heavy metal polluted sites.examined heavy metal polluted sites.
�� IIt provides wide range of information in no timet provides wide range of information in no time..
�� VValidationalidation (field measurements, soil samples) is(field measurements, soil samples) is

necessary to carry out in order to obtain more precisenecessary to carry out in order to obtain more precise
andand reliablereliable resultsresults..

�� NNeverthelessevertheless, the effect of the vegetation and other, the effect of the vegetation and other
objects should also be assessedobjects should also be assessed duringduring mineralmineral
mappingmapping..

ResultsResults
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Thank you for the attention!Thank you for the attention!
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