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1. INTRODUCTION

This extended abstractoutlines prelirninaxymineral mappingresults obtainedusing 1995 AVIRISdata
acquired over the Oatman area of northwesternArizona, The data wereacquiredin the summer of 1995as a part
of a “group-shoot”organizedby AnalyticalImagingand Geophysicsand CSIRO. The results reported here, in the
workshoppresentation and in the fill manuscriptdemonstratethe dramatic improvementin AVIRISdata qurdity,
analysis tools and the associatedadvancementof quantitativespectralremotesensing. The improved signal to
noise of the AVIRISdata, complementedby newdata reductionand processingtechniques, permits unambiguous
mineral identification and spectral unrnixingof subpixeltargets. SubtlespectralditTerencesobservedand
enhanced in the data include: calcite/chloritediscrimination;spectralshifting of muscoviteabsorption featuresas a
result of cation substitution in mineral chemistry;hematite/goethitediscriminationand the unraveling of spectral
mixtures of alunite, muscoviteand kaolinte.

2* DATA PROCESSING

The processing and analysis are brieflyoutlinedhere. There are three main phases in the analysis:
preprocessing; reduction to apparent reflectance;and partial unmixingfor mineral mapping. More detailed
descriptionsof these methods will be includedin the workshoppresentationand fidl manuscript.

2.1 Noise Characterization and Data Quality Assessment

Noise level estimations were madeusing the spectralradiancedata, and the associateddark current
imagery. The signal to noise ratios are veryhigh, and coincidewith the predictionsof AVTRISperformanceafter
the recent numerous improvements. For a f~ percent reflectancetarget, the apparent reflectancesignal to noise
ratio is greater than 1000 in the A spectrometer,and more importantlyfor geologicalstudies, greater than 400:1 in
portions of the D spectrometer. Webelievethese dramatic improvementsin instrument capabilitiespermit new
applications of imaging spectrometryfor subtleand detailedsurilcial compositionmapping that have been
previously infeasible.

While the overall quality of the data is much improved,severalsmall problems were identified, Channels
13 and 35 exhibit apparent spatial misregistrations. Thesetwo spectralchannelswere droppedfrom all of our
subsequentanalyses. A small number of pixels exhibit spectral “spikes”causedby dropped bits in the data. These
pixels were identified and droppedfrom subsequentprocessing.

2.2 Reduction of AVIRIS Radiance to Apparent Surface Reflectance

The stability and precision of the AVIRISinstrument nowexceedthe accuracyof radiative transfer
models such as MODTfWN and 6S. Webelieveinherent uncertaintyin solar irradiance models, atmospheric
transmission calculations and instrument calibrationtechniqueslimit the ultimatelyaccuracyof theory-baseddata
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reduction schemes. To circumventthis limitation, we have developeda two stagedata reductionscheme
combining the best aspectsof theory-basedand ground target-basedmethods.

First the data are reducedto apparent surfacereflectanceusing a traditional theory-basedapproach, for
example the ATREM program availablefrom the Universityof Colorado. This first step models and removesthe
gross effectsof solar irradiance and atmosphericscatteringand absorption. However,the AlREM-produced
spectral exhibit systematicband-to-banderrors. These errors appear as “saw-tooth”noise and give the spectraan
unnaturally rough or noisy appearance. We suggestthese coherenterrors are cumulativegain errors, combining
errors in the instrument calibrationand the atmosphericand solar modeling.

The second stage of the processingemploysan empiricalmethodto estimatethese cumulative gain errors
and to remove them. Drawing on the ideasof ground target-basedreductionmethods,we seek to identifj a set of
pixels and to calculatea best-fitgain function that mitimizes the RMS error betweentheir spectra and our model
of their desired spectral reflectanmcurves. However,we use only the AVIRISdata for this process, removing the
onerous requirement of a priori knowledgeof ground target reflectance. Using this method,pairs of observedand
modeled spectra are developedfor thousandsof pixels, permitting a very accuratederivationof the ideal gain
function that removesthe cumulativecalibrationand model errors. The methodis basedwhollyon the remotely
sensed data and requires no ground spectra. After removalof the calculatedgain errors the true fidelity of the
1995 AVIRIS data is revealed. The effkacy of analysis methodsbasedupon direct comparisonto spectral libraries
is greatly improved. Subtlespectralfeaturesthat wereburied in the systematicerrorsare made visible,

2.3 Partial Unmixing for Mineral Mapping

Identifkation and mapping of mineraI speciesand other scenecomponents,such as vegetation, was done
in two steps. First, the data werecomparedto reference,or library, spectraof the desiredtarget materials. This
comparison was done both manually,using visual spectral interpretation,and automatically,using comparison
metrics including correlationcoefficientsand spectralangles. This first step resultedin sets of image pixels that
best match the desired target spectra, The mean spectraof thesebest-matchpixel sets wereused as seeds for the
second stage of mineral mapping, an iterativepartial unmixing process.

Partial unmixing seeksto accuratelymap the apparentabundanceof a knowntarget material in the
presence of a background composedof many unknown,and spatiallyvarying, components. The method is related
to matched filtering, but extendsthat techniqueby incorporatingusefulattributesof the mixed pixel model. In this
application the partial unmixing was performedin an iterativefk.shion,with convergenceto a final solution after
two or three iterations. The final result of the processis an optimal spectrat signaturefor the desired material and
an apparent spectral abundanceimage, mapping the spatial distributionof the target material. Combining the
results for various materials permits an examinationof the mixing characteristicsof the
scene components and an improvedunderstandingof the surfacegeologyand processes.

3. GEOLOGICAL RESULTS

The data were processedin two spectral ranges: visibleand near infrared (0.4 to 1.0 micrometers)and
short wave infrared (2.0 to 2,5 micrometers). Highlights of the results for each spectralregion are outlined in this
section. A post-analysisfield trip is planned for February, 1995. Resultsof the field vetilcation will be presented
at the workshop and in the final manuscript.

3.1 0.4 to 1.0 Micrometer Spectral Range

Hematite, goethite, as well as dry and greenvegetation,weremappedusing the 0.4 to 1.0 micrometer
spectral range. Partial unmixing results for each of these image endmemberswerecalculatedindependentlyusing
the methods describedabove. Initial comparisonof the AVIRIS-derivedmineral maps indicate agreementbetween
the remotely sensed results and spectralmeasurementof previouslyacquiredfield samples. Vetilcation and
validation of these results, using field spectrome~ and analysisof field samples,are planned for the February field
trip.
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3.2 2.0 to 2.5 Micrometer Spectral Range

The dramaticallyincreasedsignal to noise ratio in the D spectrometerof.the 1995data permits an
unambiguous discriminationbetweencalciteand chlorite. Both minerals have strong absorptionfeatures near 2.35
micrometers, and past AVIRISstudieshave had difficultyseparatingthese two similar minerals. In the 1995 data,
a secondaryfeature, an absorptionpresent in chlorite spectraat 2.26 micrometers,is clearlyvisible. With these
high fidelity data, the spatial distributionsof chloriteand calcitewere independentlymapped. The calcite occurs
mainty in a vein system,important for mineral explorationin the area. Webelievethat subpixel-widthcalcite
veins have been detectedand will field checkthese results in February.

The distributionsof three typesof hydroxyl-bearingminerals (kaolinite,alunite and muscovite)were
mapped. Furthermore, excellentexamplesof mixed pixels werediscovered. Evidencefor the accurate unraveling
of these mixed pixels is found in the seatterplotsof the partial unmixing results, colorcompositeimage~ of the
apparent abundanceimagesand the spectralsignaturesof the mixedpixels. The high quality of the 1995data
permits both visual and numericalassessmentof the spectralmixing on a pixel-by-pixelbasis. Field studies
planned for Februa~ will investigateareas of relativepurity as well as highly mixed areas, for validation of the
remotely sensed results.

Within the muscoviteresults, significantspectra shifiing of the main 2.2 micrometerspectral feature is
apparent, Pixels dominatedby muscovitewereidentifkd and examinedfor spectralfeature shifting. The position
of the muscoviteabsorptionfeaturewas determinedby a nordinearfitting procedureon each of the muscovite-
dominated spectra. The spectralposition of the feature ranges from 2.190 to 2.210. The spatial position of the
shifted speetra showsa coherentpattern. Initial studiesof previouslyecdlectedfield samples indicate a correlation
of band position with cation chemistryof the phyllosilieates. Further field and laboratorystudies are planned to
confkrn the chemistrycontrolsand to understandthe geologicalsignificance.

4. CONCLUSIONS

The improvementsmade to the AVIRISinstrument havedramaticallyincreasedits capabilities as a tool
for quantitative surfacecompositionmapping. The high qualityof the data demandsnew and innovative data
reduction and analysis techniques. Subtlesurfacechemistryeffectsare noweasilymapped. Subpixel targets are
detected and identified, Complexspectrallymixedpixels are recognizedand unraveled, The investment in
improvement of the instrument capabilitieshas resultedin a dramaticand measurableadvancementin the ability
of AVI.RISto perform quantitativesurfacecomposition,chemist~ and mineralogystudies. The incremental
improvement in the D spectrometerappearsto have crossedsomethreshold of data qualityfor mineral mapping
uses, opening a wide range of previouslyinfeasibleapplications,
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