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Mn 0.111254 0.175319 0.098769 0.200008 -0.04571 -0.09192
Pb -0.02957 -0.09002 0.038981 -0.20353 0.00734 -0.28478
Hg 0.523285 0.092791 0.240246 0.078096 0.452559 0.100797
Ag -0.34065 0.449608 -0.10931 -0.59444 0.225412 0.274457
As -0.35858 -0.20822 -0.54012 0.482749 0.404073 0.160407
Bi 0.049391 -0.06242 -0.0127 0.086386 0.10065 -0.63917
Co 0.102118 0.249645 -0.00204 0.26659 -0.10614 0.169393
Cu -0.01293 0.241607 0.005712 0.191297 -0.21898 0.261969
Mo 0.238381 -0.36631 -0.32173 -0.11118 -0.5711 0.249663
Sb -0.05997 -0.40262 -0.05997 -0.29392 0.216604 -0.10463
Zn 0.103972 0.168609 0.065282 0.060113 -0.06199 0.017885
Sn 0.3174 0.026456 -0.04921 -0.07332 0.045029 0.022328
w 0.091328 -0.22982 -0.02141 -0.28343 -0.03488 0.049833
Cd -0.32016 0.296456 -0.0471 0.052926 -0.35512 -0.40891
Eigenvalues 0.946587 0.803311 0.524316 0.278355 0.148614 0.100366

YEo e Oliwn) € 0 lod il 0392




S Bl guigo 4yl

BT o (5 I <O (19 Mg

Gpolio YU jle b bl ;o b Luils g9 ol [0F] wiS e
w5l 5 Ssomny (Olsertil (ST (e o) M|
ASTER (slaosls owyp /b 5 L00] wms oo oles
21y bt S5 e SU5T g5 slaggel AT e
Sl Sl Bl azgi b cnlple sl osls plis ailaie
Feim jpam 4 (g oo gl Al 5l e Gl b oy
55 o)l aibis 8 (535 g5 cnl GVl wedlp g5
Al aslg> oy dalal o 0ad oy LLS )

2 S Cwl el biplot jloged o K0 e dlue Lol
ol a5 13 (5 polic ax 15U Cou piin diged

6T pgo g Jol adlge 5l ool s 4 Sljlitel sy b
3,90 dilale a5 0ed o odalie iged 2 gl RPCA
Ol RPCA LT gl .05 so ol 25 90 4 anlllas
390 polie sla,b b aie Sljliel b sladiges a5 o000
o)l wied L) 5 3o S g5 om0 oolil
398 o0 0a8lie PCL (gl Ve IS5 50 () Jguz ;0 95290
S ypax adbie 0)f 50 Ghte )b L ladiges (nl &S
lolid gl oogime p obate adlaie ol il
s eizmen ol £ S 0 dalaie Sl o [0 0l
sl A1 e caipo Ll ailate (pl )3 (miw )99 (5o 2

Mo L3l a5 0,8 saslive (i o0 pgd adlge (o) k08
Olgaril pate jpam b ol (al g dtazr yy 0)ligo Sl
ailgi oo L)l cpl il oals ol jad jud iS5 5 audge
2L biplot Jloges 1o ladiges (sladdgs &glas saims ylis
sdalin |y pg g Jol adlge biplot Jloges e o @ JSi 4o
et ) polie (pm BLS T aled ) Jgao aSil 0925 Lo S
watian 53 Cal S 53 DIPLOL Jlogad sy el 00 )
Jol addse sla)l logas cnl jo a8 S8 bl cnl o
5IUT 0 eolitul 0,50 (sladiges Sliliel b bLS,I 4o pg 4
1oz Ve Loy agly 4 azgi b (romon g o0 odnline
ol Siran Ul WyLs a5 2 ol e 0,k ¢ b s
s Mo ol (glaz o VA agly g cuils ddlaie o |, Lolic
Ad paie 9wl shie (Ses oaipolil 50 g
Uit ol j0 el Caws 4y pgo 5 Jol adlge yolie @l
T adbaie ;5 1) plyaniil 5 Sty b jate ol pon
I Jole s 8 i 5o o (ol & e L 5 S
aibic ;0 Jligl Gilu Sl Jlexal jpa> 4 (orin 90
year Sl Wlg o ol cud i opl 4wl ails oL
il dilaie 1 M Jlog gl s jlo sl Jlazs!
S e Gl b blie iz s it IS

-4 -2 0 2
| | | |
3 1
N Ag
s 51 4
FA2\ -~
-— X
o‘ - '-\\ \\
- 18 480 N\ 11
% 17 NN L, Hg
2 o g
S o 7 45 21 - o
_‘_i’ 4 =
~ L (LT
8 O. — As,/’// 26
40 v v - N
o al 35 sb Mo
S - 39 4%
33 28
™ 29 =
=1 37

0.0 0.1 0.2

PC1 (clr-robust)

£9% 9 Jal adlgo biplot ,lsg0i A JSi

Voo Oliwo) € 0 lowd il 0590

\Y



e @lo (ouigo 4 50

e § (FTmI290 993 4 4BgIk 4>l (53 pobe S g (53ke LT

xe 05033 o Gorl AT dlle 0525 b eolge (S o e
Slillae sl sl Sme dnlllne ol gl Lol o0 g2
o3 0y izl a5 |z sl dnde s allaie )5 (o
willlae o) i o g sl SV gl ] Gblie 4o
S e e s Slalllas (gl 1, o sty 5blio
ool L oads oluliss slayanl I Gllail puien
a3 oo Rl 1) 05038 352y Jlotol (beertisd
ksl slael s slp ailaie )3 (w50 Sllllas
s plo! ailaie it SIS oy sl LT 5l oolizd
MF s, 5l ooli b olgsil sliel Sl amlona 5l e
o9l Wgd 5 gy ol 4 oz 9,509, Sl aalllas o0l 5o
4 by pe sla G5 (FasSly abdi ot 5 gan M sl p
B! bl 3 45 s, ool e0,F oalital oy slase!
Olee 4 XRD (gladiges jl oolawl b ddlaie owlis SIS
238 SFge ok 4 Cudly WS e Jee JpuS L
gl &5 g5k 4 S a1 adlas )50 adlate
oolitul Koo la by, 4 Camd 00l (G WS edguxe
Lol cnl g ol 25505 sl oS Cur oud
s ials SlesST Sl o Lol s 455 & azg

Jlozm dilaie ol ol by ctanl @b iy 5T 5 S5
ol g 0l Vb aidlaw Jbo g ol G5l B slp 6 i

Ly 90 @bl Jlael olondsh) gw)p @l w5y

e g ks ¥

tlortiss 9 (90 Slalllas 5l (8l Ol aslllas

5o 6}ng,-;lf Jl..o...>| 6|)|.> 9 Sxuwwo d.'al.m O 6‘)—.’
sleosls 5l oolaiwl b asdlas opl jo sl a5l adlaio
ashio ;o Jeize g5lo S g4 L Laadwlf'di ol bl
LS 5o panl T s 55mn 5 033 ol €5 5
S5 L L Lol wigSyl lazs] oS [05-0A] 5 )l sg>s
QPS Ls axJlas w‘ ) ! o‘).aﬁ G’m l) ks?bl.w)so
'.Q.J dL».b)‘ 9 Ls]l.o..}‘ o).:_>.> L: Ja.».a)c duuwlﬂi ‘S»Lwl.uw
Coshad 900 olondssy lrosls cw, 5l ol @l:.a L
Pl pan Bl s as | > 050 ced a0, 53 042
3 g Ogd sad JuSid @Wl).ﬂ Ao 48 Lo (e

£9° 9 J5| 4.5.]5.» A_:|)La.o| u)b \'J&w

Y8+ Ol € oyl ‘Mb)jé



S Bl guigo 4yl

BT o (5 I <O (19 Mg

Olsie 4 odls Gan WS sogusme Al Ho 0,5 (S
55 2 S Wlgi oo (B U5 )0 ) 055 Cend) iyl
s Gl oS Ges 0 Jbgial @ileslS Al gy
I 399 B e gl Sl S5l ST cnl S5 Bee
sl slagls JeSas sles 9515 5 ol (5505l ¥
Yoo B0 o o ols ol LSis glos a5 sms oo oyl
99 4 Wlgi co Jbo i g piman [08] ol 8 5 iles a0
B S Jols g8 93 cnl 5l plaS 12 098 el (Lol 45
il gl sloggel T

5 b o isps Slale | o Yl auilss g5 -
[FaEA] ol ous 0 00nST ouilgms oloosss

B 4 SooEpH L Glale 5l a8 ol sy g4 -
Lalie g gl 5 ooy oo b a5 il _als
IVeT coil oot adgs caslons

S Sz Jpame Sl sl lapysel ]
(VY lewsl HSO, ol> sloslne abowy 40 diee;
Slale alewsy & HCL 580, @l Vb apdlgw g5 50
s st 9 sto4 4 Soz 9 0dd Ll a4 S
Sbime L aw L o5 Gas [0 gl Slule ol 0gd o0
S5, gl T sl 4 STy al ST wims e 23Sy
e (Sl 5 55mlid ol g p (CaSo0 ZuiJBlS) als
ol 5o g oad hSid CeiSamsl g Coll] G 0050
sbotes IVTT sslosl o Sitilassn gl ] JeSis o
Sloygm T o el Sgd oo oddlie VYV Sy 4
S Jo 00l jea bl wdlew Jl gl slelils
gzl clasin 5l cuidl 5 coidgls sl JIS
gl j3 5 wies Vb wdlsw Jloggl glo)luils
Se 0SB e nl jpam Webise by ok asdlee b
Slale o5 azdl o il Sy Vb weilgms Jloyi gl lusls
bogo sl 5l alols b ogoriy bz 50 ol
&S wiwy o PH 4 5w STy by oS
L0a] 59500 conSansl 5 il syl crse GliT ol
2l ol osnlie Bl addllae 5,50 dilaie o g, oy
Gl 5o 8 sl ggoge (nl oanmsplis (g8 (o)
ool 3Rl Gy a4 ol caiS 4 gl adki.
03guze 2,6 Jlods 0 F JSi 0 aS il oje Byl 9oy
5 gl 5 Cardgils o S sl aseiie aslllae 3,0
OlPl 0y 35 5 35 50 )0 CoiSamsl 5 Celil 5050 (nl )8
il e SElS TS Wilgi o el ol st aseie

Voo Oliwo) € 0 lowd il 0590

Ato Sl Sen wewl (g 2l Glp Bus sdgue
Gl sleodgas (SuSly S0 slagty, yo il
) Jlscugsl osgazme Gl oes &5 Cel (69785 4 00D
@l @ axg bjsld wsd 5 by, jo Js 05 bl
aahhio Glee Caand )0 oogase S F S 0 cald 4l
3 i) b s SLbl s Sewl Gl sle SIS T o a8
B FaSy (e By ooty el b JuF b
2 S eled 4 lp wedee 2Ll bty
pll (pliordisl oy ailaie )3 (ilu S g5 ogax
S et Jaisl Gl S5 Ols, pobie 5 0
Lol el Bl 5 (o 90 sl gus 1 plonil ol anlllae
EF S S 50 lerdisls ULl osal Cons 4 s
aihis I XRD (glaosls 5925 g 009 Jix! g3lo S
o S odd pasin el slasl oo wnl o 58
()90 Sl oy n Sl 005 Wly nde (v e
gl g el Gla gl (Susly sble s o
2y b bl Gl jpax wd e coSenl 5 Sl
o nlis b g5l 0gd o aul XRD (slaosls o
dibate ;o atbyiy S50 5 S5 lagy gl AT el
oals lud & IS jo codyll g cuadgls STy el
ol ot 4 Cglly 5U cailaie XRD (slacols jo .l oo
dcgazme b bLi)l o a5 SIS cpl 0gd co onys Cuidgils
o Slagle alanly &y el azd i 5T gl 2T
Sy [08] T o 3525 4 YU asilgws slaaigs o YL Leo
sbe Na© ails Lo 4 dibie jo cuillg st SIS
Caigll il (nipee )l 5 oo codgll SIS e KT
a5 goanie ladlas yo Na-K s> Ll [0 ] ol
o oxd plxl Yo adlsw Jl gl slaylils s, 5
el a5 wms o s b aw,p [V -FO] ol sns
a8l o 3T Vb iy ladame 45 5 YU slos 4o Na
o ad i 5T el T saims lis cusells 56 90 ]
el Y iy Jlo 5 ol sl LS
Sl 03 31 Jedo gl 35 SIS sl kS iz
Tl boews Sl s Gismle oSl Jbojsne
wor @i PPl Wle e @ G slasis, L
aghio opl 0 a5 WS o asin 35 ASTER gleosls
@ pY el ool Gl YU wdlew Jleggl 5l SIS
s Siglls il 5 Syl el b &5 col el
w2 3l Ll ol e ik 5UT L oS [PY] il pa @

¢



P Bl guigo & 5

o § (T80 593 4 43g0b 40 (36 yolie by JogiT (gilusleT

Low sulfidatin High sulfidatin
STEAM-HEATED OVERPRINT
i smectit
smeett kaolinit - alunit Kaolinit -
lunit
lite / smectit Kkaolinit + smectite
2 illite / smectite
illite + smectite illite / smectite
illite + adularia
propylitic propylitic illite

(8] s g 9 YU g Jbopi ) sLrdanzmo yo b SIS SusSTyy ) S

Sl S eI 4 Loy GG jpam (minsys
(5olass ol yass polic 391 0,5 paxe |y YU ddlgs Jlo g o
el oamlie BB Y Jsaz ,0 Jloyig,en (sla,Lls ;|

aalais 6‘).' asJllas U”‘ B OMT Cawd G‘L..t Ml&a
0,3 Gyl o ddlaie wix (gl Dezge wled L adsll
bacs> 5y 5l swyp )90 adhaie a5 aao 0 lis Wb
3,53 BB Gl lils 5l sl Slecels sble cpl b
£ ol ‘S’ww M‘ JL")"(S" 85_\ )‘ )Lwolf U"‘ o; O)L.u‘
O g Sl JLudlS oS g 00l 5o Dglate ol
slasls

N TSR

5 @adlaw Gl S8 Glls o)L seas, JSis F
oS o>

S m2> 50 St g5 o ile Gab (B O

Q}““")"J—‘ 4.1......45 L =9 objm )L.M.:lf U"‘ )\)
‘) sSJ)Lt G‘“‘J"’“" us) s_i: &S Cewl oo o.\...w}s &J))]
aibaie o [VF] col oas LSas cusdgls 35,168 5 ol
Slrgiee slocles 51 2l slag gl T 55 adgll
SI5,T g S5,T lagyguml T ales o1 51 ailoanlics b3
JB gl 5 candgls SIS jeam b aS col b iy
ashie g,8 g S0y S QB:?-““)"‘J] Sl Lol
09) 9& u.s‘ w‘ o..\.&l.m.n JJ[B sw.«.l.u.u 05) 9& u.u )\) 9

ABL ddlate (3575 Coow 40 993 s 50 Jlo g 00 SYLw
5 ol wile Gy e slaslS LS5y oL &5
5 il ile YU aidges (glo SIS LSt 51 g i
Joe oaima Lis Wilgi oo pizmed 9590l el S
ol Al ol 45 il ailaie ol Gy e Slule ga,>
il g (6l LslS” GBI s coiSal g ol sla IS as
Lol samlice JB o900 ol £ ISKS 50 aisd ool YL
dasiv gla S5 (5 alS oS 09l oo cdmline S pl o
Sl sl Wl sl Jlo 5 o) JLlS slo gl 3]
J ol olaial jo el 009y (00,8 = B Slacel b g adlais
g5 gl Slasle ;53U L 0y 50 Coidgils 5 cusgll IS
o 3 P SO ARLIPURESC RN L SNW] BPRLION 1Y B PN Y P W
Slodel 9959 1 1S (Gl 5,08 b Slasle
seosls (g5, » @lerds) G, n Orizes
Loy yolie LUl cammsples aibie olerdy)
5 el e 0 YU wden Jbg ol gile g @
w55 bl p plgen | )lidls (oulidine; slaom)
S5 55 5 ol K S S LS of o jolic
Conl San ol yer yolie 51 B 05 ganaies Ll
sy st 4 T 51 olgie bl anils BLass] Lol Gus
kol adge LT aloul b VY] 5,5 oliul Lo Lusls ()
390 00wl Cawd 4 slaadlge wilate sloosls g, » polie
hlo a5 pg3 5 Jol slaadlge (wyp b i8S )13 (o) p
aFie s ;505 slaadlse Gl ;0 059 ol G iien
Gl S bl laenisl g Syl Mo olie a5 0y 5
by Gladiges &5 b atie Grizes W)l SuSS L
Sy &5 W)l I3 (e plea jo pole nl b

YEo e Oliwn) € 0 lod il 0392



S @l guigo 4 45 AT del (6 0 Kb (S99 Mg
(V] oy g y0ud (sl s Luils’ 1 golans of o polic :¥ Jgur
Fractionated granitoid-associated deposits
Tin-tungsten deposits: Mt Bischoff, Renison, Ardlethan. Sn-W=As-Cu-Zn (O-S-F-B)
Tungsten-molybdenum deposits: Wolfram Camp. W-Mo=+Cu-Pb-Zn-Bi-As
Pegmatite and complex veins: Greenbushes, Wodgina Sn-Ta-Nb-Li, Be-Li-Cs-
& p - » wodgmna. Rb+U-Th REE (Si)
Porphyry-associated deposits
Copper-gold stockworks and veins: Cadia-Ridgeway, ) i M Te. )
Northparkes, Cu-AutAg B11< )Mo Te-Re(S
Copper Hill.
Copper-molybdenum deposits: Dogwood. Mo-Cu (S)
Breccia pipe deposits: Kidston, Mt Leyshon. AutCu-Ag+Mo-Pb-Zn (S)
Epithermal gold-silver deposits:
High sulphidation type: Peak Hill, Gidginbung. Ag-Au-As-Sb-Te (S-Si)
Sy D Ag-Au-As-Sb-Mn-Ba+Hg-Te-
Low sulphidation type: Pajingo. Se (S-Si-C02)
Iron oxide copper gold deposits
Olympic Dam, Ernest Henry. Cu-U-Au-Ag-REE (S-F)
Tennant Creek. Cu-Au-Bi
Hydrothermal - -
epigenetic Syn-deformational hydrothermal and replacement deposits

Metamorphic copper deposits: Mount Isa, Nifty.
Metasediment-hosted polymetallic deposits: Elura,

CSA, Peak, New Cobar, Hera, Tritton.

Replacement deposits possibly magmatically related:
Osborne.

Cu-Co-AstPb-Zn (S-Si)
Pb-Zn-Ag+Cu-Sb (S)
Cu-AutBi-As-Pb-Zn (S)

Cu-Au-Ag-Bi-Co-Hg-Mo-Se-
Sn-Te-W (S-F)+Zn-Pb

Orogenic gold deposits

Archaean greenstone-hosted deposits: Eastern Goldfields,
WA (e.g., Golden Mile, Mt Charlotte, Bronzewing, Junction,
Kanowna Belle, Bounty);

Sediment-hosted reef deposits: Telfer.

Slate-hosted quartz-vein deposits: Central Victoria, Hill End.

Granitoid-associated deposits: Charters Towers, Timbarra.

Au-Ag-As-W-Sb-Te+Cu-Pb-
Mo (CO2-S+K-B)

Au-Cu-Pb-Zn-Bi-Mo-W-Co-
Ni (S-CO2)
Au-As-Sb+Ag (CO2-S)

Au-Ag-Zn-Pb-Cu-Bi (CO2-S)

Carbonate-hosted stratabound lead-zinc deposits

Mississippi Valley-type: Lennard Shelf.

Pb-Zn-FetAg-Cu
(S-hydrocarbons)

Unconformity-related uranium deposits

Alligator River, Coronation Hill.

U-Au-Cu-Co-Ni-Ag+Zn-Sn-
Pb-Bi, Pt-Pd (Mg)
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Abstract: Northwestern part of Iran is one of the important metal bearing zones and the Balugaya
region which is one of the interesting parts of this area, was selected as the study area. In this research the
endmembers were extracted from ASTER dataset and then were compared with spectral library to find
matching reference minerals for them. Subsequently, the abundances of endmembers were exracted using
the matched filtering technique. Then, the classification and distribution maps of minerals were extracted by
implementing the floating threshold as a novel technique on endmembers abundance maps. The mineralogical
data of the study area are also involved in the floating threshold method. This method classifies areas with
high abundance values of endmembers that probabily have high potential for mineralization. The results
delineated argillic and advanced argillic alterations at the midwest of the study area. By performing of robust
principal component analysis (RPCA) on ICP-MS geochemical data, correlation of gold concentrations
with that of antimony and arsenic was detected in the remote sensing derived alteration area. Finally, it is
concluded that a possible high sulfidation epithermal mineralization system has developed in the study area.

Keywords: Remote sensing, Geochemistry, Floating threshold, RPCA, Hydrothermal alterations.

INTRODUCTION

Of the 12 active gold mines in Iran, 4 are located in the north-western part. A number of exploratory
works have been carried out in this region by the ministry of industry, mine and trade during the past decades
and the Baluqgaya region has been one of the target areas. Some geochemical and remote sensing studies
have been done in this region [1-4]. Indicative minerals of the alteration systems have unique spectral
features which makes them identifiable by remote sensing techniques [5]. Numerous researchers have
implemented multispectral remote sensing data for identification of alterations (especially hydrothermal
alteration) in recent years [6-8] and different methods are used for classification of the remote sensing
data (e. g. artificial neural network, support vector machine, Spectral angle mapper, etc.). In this research
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a classification procedure namely “floating threshold” was used which employs the surficial mineralogical
information beside the extracted abundance maps for classification of the data set. The results obtained
from remote sensing data analysis must be geochemically consistent with the study area [9]. One of the
efficient techniques for detection of the geochemical anomalies and determining the relationship between
trace elements is principal component analysis [10], the robust version of which is resistant to the outlier
data.

This research aims to evaluate the potential of the Balugaya region for possible mineralization using
ASTER data as well as geochemical ground truth data.

METHODS

Floating threshold

The floating threshold method was developed in this research for efficiently classifying the ASTER data
set. The pixel purity index method was implemented for extraction of the endmembers and the abundances
of the endmembers were calculated using matched filtering method. The extracted endmembers were com-
pared with reference spectra and alunite, kaolinite, smectite and illite were selected as matching minerals
with endmembers. The extracted endmembers are present inside the pixels of the data set with varying fre-
quency values. In a simple approach, the data set is classified in a way that each pixel is assigned to an end-
member having maximum frequency inside it. This method classifies all of the data set pixels. Application
of a method which classifies only the important pixels can be helpful in exploratory studies and in this re-
gard, the floating threshold method was implemented. In this method, first the mean and standard deviation
of the estimated abundance values for each endmember are calculated. In the next phase, different threshold
values from X + S to X + 35 with the step size of 0.25 are considered for classification of the data set. For a
given threshold value, a pixel is classified only if the maximum abundance value of an endmember inside it,
is higher than the specified threshold value and otherwise, it remains unclassified. The larger the threshold
value, the lower the number of classified pixels. In this research the XRD data of the study area were used
as control points for classification procedure so that the maximum threshold values which lead the adequate
percentage of XRD samples to be fallen inside the classified areas, were selected as optimal thresholds.

Robust principal component analysis

Principal component analysis is an efficient tool to project the high- dimensional data to the lower
dimensional space. This method finds the principal components of the data set based on the variance and
covariance matrices [11]. Due to the compositional nature of geochemical data and the effect of outlier data
on classical PCA, application of the robust principal component analysis (RPCA) is more advantageous. The
RPCA method uses minimum covariance determinant (MCD) instead of classical covariance matrix [11].
Different logratio transformation methods have been developed for transformation of the compositional
data from the simplex into the multidimensional real space including additive-logratio (alr) described
by equation 1, centered-logratio (cIr) described by equation 2, and isometric logratio (ilr) described by
equation 3 [12].

alr) =y =In--,  (i=12,..,D—1) (1)
Xp

X1

D )
Vili=1%i

cr(x)=y;=In (i=12,..,D0-1) 2)

. D-i i .
ilr(x) = y; = /D_l.jl In D_iJH:_—ij . (i=12..,D—-1) 3)
j=1i

FINDINGS AND ARGUMENT

By implementation of the floating threshold method on abundance maps of the endmembers, the
classified map of the study area was extracted (Figure 1).
Inthis research, the RPCA analysis was performed by using of R software. The compositional geochemical
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data were first transformed by ilr, and then the clr transformation was implemented on obtained loadings.
since the extracted eigenvalues of two first PCs, are at acceptable level (PC1= 0.94 & PC2= 0.80), they
can be used for representing the variations in the study area. As can be seen in table 1, PCI1 indicates the
correlation between Au, As, Ag, and Cd as well as PC2 indicates the correlation of Au, As, Mo, Sb, and
W. In the Figure 2, the scores obtained for each sample by PC1 and PC2, are plotted. As can be seen in
this figure, samples with the more negative loadings are located in the western part of the study area which
corresponds to the identified alteration area in the middle part of the Figure 1.
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Figure 1. Classification map of the study area using
floating threshold method along with the XRD sample
locations, Faults, lithological units, and silicified areas Figure 2. Plotted scores of samples for PC1 and PC2

Table 1. Loadings of the RPCA components

RPCA LOADINGS

Comp.1 Comp.2 Comp.3 Comp.4 Comp.5 Comp.6

Au -0.41527 -0.34108 0.714606 0.141652 -0.05773 0.222677
Mn 0.111254 0.175319 0.098769 0.200008 -0.04571 -0.09192
Pb -0.02957 -0.09002 0.038981 -0.20353 0.00734 -0.28478
Hg 0.523285 0.092791 0.240246 0.078096 0.452559 0.100797
Ag -0.34065 0.449608 -0.10931 -0.59444 0.225412 0.274457
As -0.35858 -0.20822 -0.54012 0.482749 0.404073 0.160407
Bi 0.049391 -0.06242 -0.0127 0.086386 0.10065 -0.63917
Co 0.102118 0.249645 -0.00204 0.26659 -0.10614 0.169393
Cu -0.01293 0.241607 0.005712 0.191297 -0.21898 0.261969
Mo 0.238381 -0.36631 -0.32173 -0.11118 -0.5711 0.249663
Sb -0.05997 -0.40262 -0.05997 -0.29392 0.216604 -0.10463
Zn 0.103972 0.168609 0.065282 0.060113 -0.06199 0.017885
Sn 0.3174 0.026456 -0.04921 -0.07332 0.045029 0.022328
\ 0.091328 -0.22982 -0.02141 -0.28343 -0.03488 0.049833
Cd -0.32016 0.296456 -0.0471 0.052926 -0.35512 -0.40891
Eigenvalues 0.946587 0.803311 0.524316 0.278355 0.148614 0.100366
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CONCLUSIONS

The results of RPCA indicate the association of the Au with As and Sb in the study area and the Argillic
and advanced argillic alterations were identified by ASTER data processing. Therefore, the epithermal gold
mineralization is probable in this area. The hollow quartz is also seen in the study area which can be another
evidence for possible high-sulfide epiothermal mineralization. The high sulfide epithermal mineralization
may has been developed in the study area as a result of hydrothermal fluid emerging from faults with east-
west direction.
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