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1.0 INTRODUCTION

'Illeaucoess ofimagingspectmmetry inmineralogic mapping ofnatlxaltemins
(e.g., ~ad.,l~)~tittitinol~ -tititiw~ti
envhlmen@ impact of human activities in certain insmnces. specifically, this ptpcz
dc9cribesauinw@@on “ into* use of data from the Airbomeg:k&Meyh Imaging
Spectrometer (AVIRIS) for mapping the_ of, and awash
~ C-m OfMiIings from a major silver and base metal mining district.

‘nleareaundcrinvewi@on isthe Coeur d’Akne rivervalley in northcm Idaho.

_~~g@~~~~~~~~ofK e~oM~W~~$I*~
the lS80’& In the Kellogg-Smeltile Flats ~ west of Kellogg, mine tailings wcxe
piled 81wgai& the South Fork of the Coeur d’lllene River. Until the mnstmch “onof
-~~til~mwhof-w-~wem~~yhm--
Fork ~W~+mdtiemmti~wWAS-*til%3@. .
mmdatxm efforts am currdy underway. Recent studies (e.g.. -witz ~ ~.. 1~)
hw~m~uhtibwd~mmvadhh~~d
Lake Corm d’- into which the river flows, arc highly enriched in Ag, Q Pb, =,
Cd, Hg,~and Sb. ‘Ihesetmzmetals havebecomeaggregated inironti&td
oxyhydroxkk minemds andkw minedoids. Refkctamx _ of -rich ~~
materMaamshownin Figurel. Alsoshownin Figure larespectraofhanatite and
-. mmmtititilmg-mm (ml~)oftiw--fiw
band of the iron-rich sediment samples cembined with the lack of features cmthe *O
chmgetrans&rabao@on edgeidcates thatthefexric oxi&and/efoxyh- rnti
sediments is poorly crysmlline to amorphous in character. Similar features are seen in
-Y ~ basaltic weql products (e.g., palagonites).

The problem of mapping and analyzing the downriver occurrencesOfironrkh
_ k the h d’hne (CDA) River Valley using remotely sensed data is
complicatdby thcfbllvc@atien cover prcsentinthearca. Becauaeexpoaures ofxock
andsoilwcre _thedatapmcmsing techniques usedinthis study wcm3semahiveto
a mtmials at Subpixel scales. ‘lleOmethods used included spectral mixture
analysis (Adams et al., 1993) and a
and Harsttayi, 1994).

commmed energy minimization technique (Farrand

2.0 DATA

The CDA River Valley is currently under inves@tion by the Spokane field
office of the USGS (C. Smi* pers. comm.). In a cooperative endeavor between the
USGS, tlw EPA ml the Naval Research IAom@y’s HYDICE (Hypeqwtd Dig@
Imagay Collection Experiment) Project Office an AVIRIS fight was deduled over the
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CDA RivcJ Valley. Data was collected on May 24,1993 at 21:40 UTC. Incomplete
coverage of the target am led to a reflight on September 17 at 19:40 U’lC An earlkr
lMPCZ(F-~ Harsanyi, W94b) presented a preliminary examimuia of two acenea
fkom the May collection. ‘he curreat paper considers three scenes fmm the September
collectimi that cover an area extending down rivex ffom approximately Smeltewille to
KiUarney Lnke (see Figure 2).

‘f’h X&Ztame Ofmph collected in the f~ld W~ measumd inthelahatmy.

A subset of the samples wem measured at Brown University’s RELAB. The majority of
thesampleswae measumdan the USGS Reston Beckman (UV5240).

~A~Stiw~d@ tia~tiyti~ftid~ti
aformatwith DNcqualtoapparent surface refkcrme. Thecanversion fknnmdiancew
~w~~-~fi~~~tidtieA~M(~tiA,
1993) radiative tmnsferbased approach. First rhedatawereconvested toappamntsurface
rdlectancc through ?he use of ATRBM which effectively removed ahnosplmic variability.
This was followed by the application of a modified flat field (MIT) method (F-
1992) applied to the ATREM correcteddata which acted to remove instrumental noise that
is retained in the ATREM ccmection.

3.0 ANALYSIS

‘IIMAVIRIS mdiance data were initially examined with sp@ral mixture
analysis. An iterative approach utilizing several runs and successive examimion of the
resulting RMS exror images (Adams et al., 1993) suggested four endmembers shade,
vegetation, an agricultural soil, and an iron oxide or oxyhydroxide rich soil. As was
discussed above, the iron-rich soil is the most likely candidate forbearing heavy metals
leached tiwn the mine tailings. In the fraction image for this endmembr, other mataiala
besides the fcrruginous soil (for instance, the pavement on 1-90) appeared bright on the
fkaction image.

In~wcti*mti***,a~dy&ve~tih

algorithm that has already shown good success in detecting distributed Subpixel target

Ina@ia4theconstrainedenergyminimhh “on (cEM) technique (Fan’and q m

M94b),waaa ppliedtothedarn. Thekeytothe CEMtechnique istodetmmne a vector
opc@x, w composd of weights (wl...w~ that suppresses the unknown and mkaired
background speclra while enhancing the target spectrum d. Thesummed pixel ma’gy can
betepresmtedby aacalarvalueyj. ‘Ihe CEMoperator isde!inedby twocot@aints.
The fmt Constmint for any given pixel, is to minimize the energy summed across fhe
wavelength range (e.g., minimize yi). The second ccmstraint is that when applied to the
~~ SpCCtNm,yi = 1, e.g., WTd=l.

~ was tqqiied to subsections of the three AVIRIS SCCnCS.‘l%etarget
spectrum for input to the CEM routine was derived from the data itself. Three pixels
most like the BH-3 sample spectrum shown in Figure 1 were identifkd. The mdiance
mdtixswmti flwtitiati~tiet iw~ti
to 188 bands to exclude several of the shortest and longest wavelength bands,
spectromotcx overlap regions and atmospheric water absorption at 1.4 and 1.9pm.
-~~~maw~ddtiaqm~~~timti~
routine. As might be expected, the resulting CEM component images showed that h
iron-rich timents am concentrated primarily along the CDA River. Them were also
known concentrations of tailings in a dump west of Smelterville. Weaker responses are
returned from some fields in the CDA River Valley.

~~Mmtiidmtiti 159pheh bti~~tit~tih
theirOn+ich aedimenIaat CataldoFlats. Tkepixelswe rethenextractedfr omfhe
ATREM+MFF cmected data cube and transformed via a principal mmponenta analysis
(PCA). The FCA was applied in two parts. 88 VNIR channels were analyzed sepamtely
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from45swIRchannek Thia Wasdonebecauseiron bearing mintmda-yhve
f~bti_~ckym=@~ykvef~ktiS_. By
S_ti@~ti*tig i*_@l~ofti*W*&~
to a managdk number of endmemba’s (e.g., 3 to 4). For puqoses of brevity only the
VNIRanalyaiswill bedimssed hem.

4.0 CONCLUSIONS

- rcsuks providemcouragunentthat imaging Spectmmete?datacanbeuaed
effectively both to Irackthe aped of fluvially distributed mine tailings ad to pwide
insight into changes in their mineralogic character. An enabling algorithm that aids
significantly in this process is the constrained energy minimization technique which, in
this inatmce, povided a unique identification of the f-ginous sediments associated with
mine waste Coofamination.
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