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1-Introduction

Monitoring mine tailings is necessary to understanding and minimizing their impact on the environment. The
industry of mining inevitably has an impact on the environment of surrounding areas, especially the heavy metal
pollution. Moreover, the investigation of heavy metal pollution conditions around the mining area is the
prerequisite for implementing adequate measures of environmental protection and prevention. Currently, the
commonly used monitoring technology of heavy metal elements has higher accuracy. However, it is challenging
to meet the needs of a wide range of environmental pollution monitoring because of its large amount of human
resources and material resources. In this study, the Advanced Space-borne Thermal Emission and Reflection
Radiometer (ASTER) have been applied for detection the mine tailing of the Anguran Pb-Zn mining area using
false-color combination (R:1, G:6, B:3), principal component analysis (PCA), and band ratios [R3/2, G5/3,
B8/4]. The use of the first three PC and the evaluation of the eigenvector shows that the fifth and ninth
components with eigenvectors of 0.72 and 0.65 indicate the spectral behavior of carbonate and clay minerals in
bands 8 and 6. Results validated by the USGS library spectra, the Resampled USGS library.

2-Methodology

Cloud-free ASTER level L1T scene covering the Anguran Pb-Zn mining region acquired on August 28, 2007,
was used to enhance the tailing dam. Processing was performed using ENV15.3. First, the VNIR and SWIR data
merged for selecting a suitable region of interest (ROI) window. Then, the atmospheric correction of these
datasets involved the internal average relative reflectance (IARR) method. Image transformation techniques
involved, False Color Combination (FCC), Band Rationing (BD), and principal component analysis (PCA).

The idea behind this technique is to combine the multispectral information with the visible wavelength region to
make it visible to the human eye. Every object in nature has unique reflectance values at different wavelengths.
The colors that the human eye can see is the combination of the reflectance at red, green, and blue portions in
visible wavelength region (Gupta, 1991). In this study, bands 3, 6, and 1 were based on the absorption and
reflection properties of minerals and rocks to produce false color combinations (R: 1, G: 6, B: 3) to mine tailings
detection of the Anguran Pb-Zn mining area. The mine tailings appear in red.

Band rationing is a multispectral image processing method that includes the division of one spectral band by
another one. The division brings about the ratio of spectral reflectance measured in the one spectral band to the
spectral reflectance measured in another spectral band. Thus, the band ratio technique, based on highlighting the
spectral differences that are unique to the materials being mapped (Gupta, 2017). In this study, to detect ferric
iron oxides in goethite and limonite minerals, which amplified with dark pixels, the bands of 2 and 3 were used.
Pyrite and sphalerite minerals, a band ratio of 3/5, used the dark pixels about the detected areas of these
minerals that have little development, to detect ferrous iron oxides in the Jarosite. The band ratio 4/8 was used
to detect the carbonate minerals of calcite and dolomite that calcite and marble units detected with bright pixels
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and the mine tailings, with dark pixels. To detect the mine tailings in this study, the band ratio, which used as
the false-color combination (R3 /2, G5/ 3, B8/4), is shown in the image with blue pixels.
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Fig. 1. RGB color composite image of 3/2, 5/3 and 8/4 ratios.

The principal component analysis on VNIR and SWIR ASTER data for the enhancement of mine tailings was
applied. The eigenvalues show that PC1, PC,, and PCs contain the highest values (Table 1). The eigenvalue 0.72
in the fifth component is due to carbonate minerals that have absorption in the band of eight ASTER and the
eigenvalue 0.65 in the ninth component of absorption range because of clay minerals such as kaolinite, which
show spectral behavior in the band of six ASTER. The components of the false-color compound (R: PC1, G:
PCs, B: PC,) that in which the mine tailings highlighted with green in the image, were prepared to obtain more
and better information from the principal components.

Table 1. Eigenvector loadings of all bands used in principal component analysis (PCA).

Bandl | Band2 |Band3 | Band4 | Band5 | Band6 | Band7 | Band8 | Band9
PC1 0.36 0.42 0.31 0.32 0.27 0.29 0.33 0.36 0.3
PC2 -0.62 -0.5 0.037 0.37 0.21 0.27 0.19 0.2 0.1
PC3 -0.006 | 0.01 -0.67 -0.41 0.066 0.15 0.13 0.2 0.52
PC4 -0.34 0.08 0.6 -0.42 -0.25 -0.059 | -0.07 -0.01 0.5
PC5 0.13 -0.25 0.04 -0.05 -0.26 -0.51 0.17 0.72 -0.11
PC6 -0.57 0.68 -0.18 0.046 -0.079 | -0.16 0.19 0.12 -0.26
PC7 -0.009 | -0.05 0.18 -0.6 0.28 0.42 0.1 0.22 -0.51
PC8 0.098 -0.12 0.007 -0.04 -0.048 | 0.14 0.77 -0.033 | -0.071
PC9 0.014 0.06 -0.08 0.15 -0.65 0.56 -0.38 0.27 -0.077

Results and discussion

In this study, the mine tailings detection of the Anguran Pb-Zn mining area using false-color combination (R: 1,
G: 6, B: 3), principal component analysis (PCA), and band ratios [R3/2, G5/3, B8/4], which had an acceptable
result for the mine tailings enhancement. The spectrum of calcite, quartz, kaolinite, sphalerite, galena, pyrite
minerals was present in the spectral range of 0.4-2.5 um in the USGS spectral library and showed the spectral
behavior of these minerals. The spectral range of mine tailings minerals from resampled spectra to 9 bands
ASTER. Near-infrared (NIR), mid-infrared (MIR), and shortwave infrared (SWIR) electromagnetic windows in
remote sensing are very useful in geological analysis. The mine tailings of minerals have spectral characteristics
in the range of 0.82, 2.22, 2.27, 2.26, and 2.33 um. To detect the mine tailings in this study, the band ratio, used
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as a false-color combination (R3 / 2, G5 / 3, B8/4), is shown in the image with blue pixels. As shown in the
image spectral curve, bands 4, 3 and 6 ASTER have absorption due to the presence of iron oxides, clay, and
carbonate minerals, and 2, 5 and 8 bands of the ASTER are reflection peak. Therefore, the band ratios of 3 /2
and 5 /3 seen in the image as dark and band ratio 8/4 were visible bright in the image due to the high absorption
of the band 4 and the reflection of the band 8 (Fig. 1).
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Fig.1. Z-Profile image.
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Conclusion

To detect mine tailings of the Anguran Pb-Zn mining area using false-color combination (R: 1, G: 6, B: 3),
principal component analysis (PCA), and band ratios were used [R3/2, G5/3, B8/4]. The use of the first three
PC and the evaluation of the eigenvector shows that the fifth and ninth components with eigenvectors of 0.72
and 0.65 indicate the spectral behavior of carbonate and clay minerals in bands 8 and 6 image processing
validated by the USGS library spectra, the resampled USGS library spectra and Z-Profile images.
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WY



\ O)Loa:} AR O)ﬁcb A4 )Ler)

o

Wyl 6O )1 owlid e S gt ao

il boly,S atls ey See VA YYD YO s bl
sl gl cwl gl sz A Wb o wly S b S esls i
cde @ (Cudl 5 cugh jgecise wugSume i $lS) oy gl T
cle 4y ey See VAV 5 VYV logse Jsb jo Al-OH ke 052
@lo,ld) a9 ,Sea YYD 5 Y7 (slagse Jsb o MG-OH Lsle 02
ST g il £ il o S ol Lasls Cis 4 Wl ol ab
2 (ESF 5 cilen) ol aST Gla SIS ol ol V sl 4 bgiye
5 St ool aszg Lo 4 yeg o AV 5 yiag,See + .0 5l 52eS 0350
wyle iz glales Of o 4 egSie VA 5 VF engaze o
Fe- Jole 0929 Judo & 50 209,500 V,FY oogue 0 Cld pien
92 Gloww shls Lo S Frwg s s0gamme;s loasdlgn ailb o OH
Slows 386 a5 el la SIS alex 5l 5515 (Gupt, 1991) s
Sl cnlply ol (Gl Ermg 2 g So35 g (S 0090ome ;0 (b
JS8) 098 oo colainl 5 i SWIR 5 NIR ssgams 5 Sl slubis

«(F 9 Y L§L°

(FCC) wilS 55 S
pyal dilge dw digd e ool (yLis RGB &) Juw 0 a5 g p5las
Sy gile o)ly (g g wyls adlge S adsl S5y e sl aS o ls da2g
) e g Nedio S5 b b Ao 59, gl 4w (nl ishioe
e g 5 conli 5ty DI 5 gl 51 S o oyl sl
peal bl atily g el alis cad colaiwl slaail pl Feiwen 5 0als
Gupta, ) cosls salgs YU pds CoblB 5 00y oS 5 g3 alol>
Srosgaze ;0 pgai cawlio slaail ools 3 L 3g, ool 40 (1991
Ayl 55 olgs ) 4 peko S 3y50 Slse 2l g e 5o
Foshhae (Blse ootz i by 2, 4 b anloe wy Jobo
Gosls Vg £ Y Glawil i cpl (o 05d Zlmil dols jeas
ol gl b ws 5 LS CbsL 5 i Sluogas ulul 5 2l
albl slasw s5e;,b Hekae 4 (R L, G2 6, B: 3) Lils Ny oS
73 Sy 4 gaxe glaalbl (5loj)l onl jo ol eslaul o650l (ose

(FUSE) al sy

ARIA

SLRT-T3)

a5 L1T zbaw 5l SWIR 5 VNIR (laosls aws Tzl aalllae oyl 5o
S sstaie & anlie ul j5 85 5 gl 0,50 550 10 S
Ol real SlodeSy (seey JBlie oS lee oty mls
ewdid gmoeal VYO e 818000 sleasa ) oolanul b osls aws
ol b ciali slaools &jgo a4 LIT (slaools arws a5 x5 oo
g al b slobils n slp bosls (pl astol 51 L8 auil co oniomiw jo
Wgd o e Uk 4 Wl w6 )13 eolinal 3500 b pgad
a5 Cwl 09250 (59> sl Ial;p'l Slp oasie 6&)}5“&:/,3 g s,
dga g Ol Cunsg dlats 5l gds Sledbl pols piline o] 5l coliiwl
@ olpes Jie plgre @ cwl opd 5 )l ppgal Oloy 5 Cux sl
5,5 o,lsl MODTRAN
ol s eolizal (IARR) A3l s bawgie (bl Sl
g 6095 aimo ly (Sl i S dile Lasgi (gl IS
2 sl 6ol QUi gy Ja g b lsie 4 b cnl (285
o0 Sewdty oSy e il @ axye il i alngty paal JuSoy
(Kruse, 1988; Modaberi et al., 2017) 4,1
a2 & bl )0 jshien 5 s Of L 22l e 5 o8 LS
(Kruse, 1988) ol $5e ail aslss o9z (dun) (ol 6 5ol
5 PSS by S S aed @ble olp Gy ) QLS
(Tangestani et al., 2008) cul oo L3l o) 5o

b Gl b ,L3,
NIR « cews VIS uib o o Sogll 5l b slo e Slilug
Slope sl ibs )l Jds & SWIR asb jo 6l S slo S .l S
Feg,50e VU YNY YNVE VY YIXO YOO jo odo Glopw oS5 g
Sdoge 50 s b b alie e e VA 0 Gl wil e oo LS

=S 5 s el by 5l B alie e S VIV jo Gl 5 O glo



N

. N
z'l!fldl/’.wja?l)
.

Vooyled Ve 0,90 A9 L Wyl )8 (owled (e

Spectral Library Plots
v T : T T v

2

goethit

Sotormi
galena
hemati
illite1

jarosit

muscovi
pyrite
qu artz
sphaler

|

Value (Offset for clarity)

1 L n L 1 n L 1 1 L I " 1 L L " 1
1.5

Wavelength
USGS alulss” ;1 albl sl sla Sl ginbs osgame -Y S

Fig. 2. The spectral range of tailings minerals from the USGS library.

Spectral Library Plots
+ T T T r

K T|muscovi
pyrite

- quartz
sphaler

Value {Offset for clarity)
|
> 1

= ' — * e ! ' :
Wavelength

el 3L A 4y 00y Resampled glacils 5l albl slaow sla SIS ids o3game Y S
Fig. 3. The spectral range of tailings minerals from the resampled spectra to 9 ASTER bands.

(R:1,G:6,B:3) L35 Sy oS 5 pgeai -F Ui
Fig. 4. False color combination image (R: 1, G: 6, B: 3).

SNy S gl Sy el Al it Sl igh (S S (PCA) Lol aidgo Juloxs
N ) oS5 0 a8 cul il lg 5l an Guib)ls cpl 098 oo cdnlive asbe g cwl sanb slanil ans 5l Sledsl glls Lol adlse psas (o

S| i Sldiz 5 25800 Sl (Jsome b slasil i)l L g 092 Jolod Wil oo i 5 ol STz gl Glyie 4 (oo ol
L SleFog (Ko slaaaly aiile (oulids (e Glie slaony b AL () S5 S S sl ol e pgal 4w e oSl

\Rld



\ O)Lou:) AR 0)50 A4 )LQ..D

N

A9yl (50)-1}5 ¢5-L-“ ) ,:l;fldr/’,wja;;b

dwle sl ol 3T [0 099 Sledbl (6 )lagSg Lt rad dmosls
ot G ile by ul)lsS bl Sl ol (Lol (slaadlie
L ol (ul ois slajlon g oy polie e 5 oS5 1) Lail s
—osls (6,5 o3l amly a4y atinly (il oS Ayl s a4 asS e alxe
omrbe 5l cwd g il Gl bl el oledbl 5 cunl s
.(Holland, 2008) 555 eslizwl ( Kivon

S5k Erms s (G sloail 5 p ol slaadlys Ll 2 612
a5 ams oo olis Wb A 4 bae slajloy ohg ol cwym g il
Jodo ooy addae j0 < IYY Slopohg Hlade () Jeaz) il eols (gl 04>
'lels S99 J.Jé LY L5|~.\> 0dgdzo W MJ}A B )».l <170 )lo); 0).!9 )‘..\.D.a
ol sg 3l £ il jo e (8, A cul coadgls Jre o) slo
.J.bou;o
oS w5 ags (R1 PCL, G: PC3, BIPC2) L35 K, Sy

(OUSE) wiads 55k peal 10 juw S5, b bl sboas

bl sleadlss 51 (Short and Trembanis, 2004) aas o (il
Sl g abgi sleadlie SSE ienl rg S sloall 0y cux
shls clél b sz slal ez 0gd oo oolaiwl ool slal
797 sl Wl Cux (Lol slaadlie sl anibioe (oYL (Sion
BNz 12 dges oyge il b ISl ol o oolaiu] dinenls
4355 4y laools g 09 oo pll sl Godais Waosls uSKilko Ll Toe a8
A e LB ) g5 jlade atidn laools (uly a5 anb e i3,z
ol b slasl ) e S 5 ol sbaadlse 5 Jol> slanly
olasi 4y lgoe a5 canl S8 4 p3Y ol ce aienl o5 wis
ol adlge (sl 39 aruloe (29,5 Lol adlie i539)9 b slauil
oS Glie 4 pg3 adlie 5wl oe Wmosle Bl 5l aeys o i il
A1 s ol ol ailhe 0 5T B 20IS & 5, ol ook
S5 s 3l sls Wb ol L) Canl g0l ddg syl Lol ailhe
abbos ol b slacols o adg 843y ] esee Jdo 45wl e
bl & Sl |y (e (K5 Dl () oS 5 pglal (Lol slaadlse
Wil deal bosls 1) wiS o ol ek (S, oSy
dcgoxe ol rals PCA 5 eolaiwl Lol Baa (Richards,1999)

il glas (EigeNVectors) Lol sloailss 5l Jol> golis -\ Jga
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Bandl Band2 Band3 Band4 Band5 Band6 Band7 Band8 Band9
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PC7 -0.009 -0.05 0.18 -0.6 0.28 0.42 0.1 0.22 -0.51
PCs8 0.098 -0.12 0.007 -0.04 -0.048 0.14 0.77 -0.033 -0.071
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