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1 Latent Variables
2 Mixing Matrix
3 Unmixing Square Matrix

Y#



33,5 L2l iy alose 55 wb W gjlalaz mjile 551 cows 4 5 ICA dllas J> sl Lules

399 o9 € Olime b sl e romiow gl (gl s (& (Kim and Kim, 2012)

00 eand Jlre (8550 o g alidin b g 4leS) (05 Al (@ 5 (IC) (255 slaadlse

ok Y-V s anal axaly K0Sy 5l ) solel Plial o yiies (29,5 sboadlse a5 S50

X AR ICA Jow S

—

o

S
Source Signals

>

— A ) -
. . X
Mrxing Mixed Signals
Matrix

>

w
Separation
Matrix

y
Estimated Signals

(Mohanaprasad et al., 2019) ICA Jos Ssleis )b -Y-Y S

79> Sadle (39 (owsS 1f Glime b PMELL] (e oiw Sz AlBie Lo (i (9SU

ez 5l awloads slgion

O Sy e lp TOleMbl wka Jgeme Jlae yelib cpl 2 blie Sledbl v

sleadlge PMlawl (p i ol so ol 50,5 JBlas b ass jo .l Solad slo pate

(Comon, 1994) .5 5" s, Saxs ) 29,5

JM | u‘).a.o groey) 5 6‘)" caliee LgLﬁuiaa) aQ A:LM" ‘S’Lo.sw)o ‘))31).3 :\CLS.)'LQJM)Q v
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1 Mutual Information
2 Information Theory
3 Dependence

4 Likelihood

5 Maximum Likelihood Estimation

6 Kurtosis
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1 Negentropy

2 Information Theory

3 Entropy

4 Approximations of Negentropy
5 FastICA

6 Fast Fixed-Point ICA

7 Infomax-Based Ica

8 Proabilistic ICA
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1 One-unit ICA
2 Learning Rule
3 Fixed-Point Iteration Scheme
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1 Conditional Entropy
2 Joint Entropy
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2 Super-Gaussian
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Principal Components

1 2 3 4 5
Cu 0.33 - -0.40 0.64 0.37

Mo 0.55 - -- 0.52 --
Resistivity -0.56 0.31 0.30 - 0.60

IP 0.67 0.20 0.43 - --

U counts 0.31 0.84 -- -- --

Th counts 0.37 0.79 -0.22 - -

K counts 0.35 0.57 -0.39 -0.30 --

Total Magnetics -0.46 0.47 0.57 0.20 --
Phyllic 0.75 -0.40 -- -0.30 0.41
Propylitic -0.75 0.40 -- 0.30 -0.41
Iron oxide 0.87 - 0.30 - -0.20
Hydroxyl 0.85 - 20 - -0.30

Percentage of variance 36.3 19.7 9.1 8.6 8.1
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Cawloads oolaiwl osls (g5lwos jid 5 goxins 0,90 adhaio o oS Jlw,So

Y1 = 0'46(KCOuntS) + 0'60(ThCOuTltS) + 0'53(UC0untS) -
0.34(Total Magnetic Intensity) (y-v)

5l ol @ls g Y=Y Jgox j0 JyuS adhie slacols (g9, p» PCA 5l ool Cuvsas og polie
IS 0 ol )5 Sle 5o slls slaosgame olulil gl S ogiol) g (cmablise slaools 5.4l
Lawloals ools ULM.O yY-Y

adlhis 9, » PCA ;| odwl Cewdds ‘_,’J..o‘ sloaalso o oy § Bas sl e ks)‘.f)b polie V-V Jou
(Ranjbar et al., 2001) (&l ool Bdo + /Y 5l 2eS sla,b) J a8

Variables PC1 PC2 PC3 PC4 PC5 PC6 PC7
CuR 0.37 -0.31 --- 056 --- --- -
cus - - 063 -030 044
MoR 0.48 ~- 030 041 030
MoS 063 -036 030 031
ZnR -0.67 - -030 -
PbR 0.30 034 - -~ 061 060
RbR -~ 030 -057 030 -0.30
SIR -0.76
Fe,OR 037 -0.45 — =041
AlLOR 0.81 — 033
Na2OR -0.83
K,OR 0.61 - -038 -
SIOR 0.85
CaOR -0.92
MgOR -0.85
MnOR -0.78
Resistivity® 043 051 041 -
IPG 0.76 -~ 030
MagneticA 034 056 023 - -~ 040
UA counts 053  0.66
Th” counts 0.60 0.57 --- --- --- --- --- G Ground survey.
KA counts 046 040 -032 041 - - --- P Diamond drill core.
Phyllic 0.86 - --- --- - - --- R Rock samples.
Propylitic -0.86 - --- --- - -~ 0.80 S Soil samples.
CuP 052 -044 038 0.37 - - --- A Airborne.

Percentage of variance 48.3 9.8 6.2 4.9 4.2 4.0 3.8
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JSie nl Jo slp hoe gy S il iie pl 3l o Lol adlse sl o Ui
2 S Coel adgl lo ke dsn 4S5 058 o wge IS pl ol co bodls N5 5lws lailisl
@ ool (gjlwantun jloolaiwl b Gua ol 5.0 ICA 5 = (Bishop, 1996) wol ails Jd=s
S el T 0-V-F gy a4 Wl s

ools ¢ gz e b o Lod &G gl by, 502010 9925 baosls (g5Lws lastinl sl S 59, 90

Slalllas 1 Logos a5 Lo diges lsicdy awd oo 1,3 395 o Sl )15 aliwg 4y a5 slosl ,o 1,

Xi,min W"‘Suo)e ;‘ J)..L..: U"‘ 3o ewlodls 00)51 V\-¥ d.]a;‘) )O O)L) Q).:)lf‘sya.c&wdg‘]ayfo

1 Standardization
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oS o Vij o 1 Xij elgse g ol ol juise 50 Waosls aiiion g 4o polie cud 5 4y Ximax
Theodoridis and Koutroumbas, ) :cuils puales> 5,5 1,8 Yimax g Yimin G 05b ;0 a5 glassS o

(1999

(yi,max_yi,min) (xij_xi,min)

Yi = YVimin T -9

(i max—imin)
Aled sad sl osls & 595 ali )0 (6 i Jg oS oo wliio (o |y ools g o0gy s bows oyl
Slp Y-F dal, 51 a0 005 eolatwl lools s bl olgs 5l ool caw pgd g, 4o
(Theodoridis and Koutroumbas, 1999) .cuuloais solaiwl I pxie o polie (gl laili]
g = (Y-¥)
aalllas 350 digai N (55) » e o] Guile)ly (e O g pll jeie (Sl (s Wi ] 50 5
i S 5 o o 4 1y Lnodls il ly 5 (eSiln 5 009 (oo Jpes S 5 Al ol o

sty ool ool (g lus il (gl V-F alayl, 5| ol axlllas 4o

Loold 29395 40,5 Jloy -F-)-F
Rencher,) ol o PCA g, o ol o 2,8 i 5l (S 0 piasiz slaosls 595 o9 Jbo
Uas L ol o g 0090 Jloyipue 2595 b (oosls )...sl.a o A QT 5! 0wl Gy Lo 5 (2002
69,5 rodls #3565 PCA ool 5l L3 cosl o3¥ asxcs ,o (Reimann et al., 2002) o4 wnle>
238 009 Jbog s sl (Folite slapygasl 09d s Jloy mish 4 po3) S50 19 5 (o)

—9).:.3.& u9*°)T f;m 9 \L;Jy LsLaso)LoT )| oolarwl &y u‘ﬂ"gf" alos UT )‘ .o)lo 9> osls

1 Skewness
2 Kurtosis
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P-P jlogai ol S g o503 o) 97 s rar S0, b 5 T B el B9 S 5alsS (15051 S
2,5 o, Q-Q Jlogei b g

Ssz 2l @ig S 5 (Soz Ol oin OB Gl Gl baghs; npesls 51 (S
50 loges allss a5 wmo e lits Cutte Sox .l pitio SO gos95 ) pae e 563,90
FVob Canly G 3l mie G o 5o Alis a5 weo o lid s (Mo blie jo .5l
G Ol (SoptS pizmen Ayl 18 Kl Cnl) Cas 50 ools 5l lodes iSw g 009
aS 0,5 aseine lgi s (SaidS Gl Jleolaiul b Ko Ohledy oo o lid 1) a8 jlogad
Flyea b Sl 55589 Jloy @je 5l ki @je5 sloges

Syisn 48,5 5 0T g Jho o 4 Jlay MalS @8 S (FantS 5 Koz ke S5 50
55 o509 Jloy owypm lp el g0 cpl 3l ole se 4 ,o (Alghofaily and Ding, 2019)
Iy SowiS 9 Moz oYU g Sl dgu> alire pdioms jshate pl 40,5 colawl pxie S
BV 5 Moz sl -V B Y omovgamme gloo cnl 5ailes,S” (8yme lagassr o2 Jlos o951 sy
Sl 5y geie 4y I (West et al., 1996; Kim, 2013; Hong et al., 2020) So.iS sl -V
S oS Gllaeyad o V5l i (Sox 3lhaeyed Gl b alarjs S Gl e cui S al @
ISR | PCE G LS

ool Lles V-F Jgax jo addllas (1l 1o oolainl 5,90 oleondish) sl prio  SaniS 5 So> lode

5l

1 Shapiro-Wilk Test
2 Kolmogorov—-Smirnov Test
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o8 has 5l ae g B eolaiul 5550 (olerdigh) o yiite (SondS 9 (Sgz polie V=Y Joux
Cr Ni Cu As Sh Co \Y Sr Hg w B Mo Au
Skewness 5.38 265 341 18.08 1232 369 358 324 998 1343 286 321 9.24
Kurtosis 36.37 8.56 20.93 458.74 223.42 1951 17.61 15.69 125.64 228.88 13.47 15.89 131.58

In(Cr) In(Ni) In(Cu) In(As) In(Sb) In(Co) In(V) In(Sr) In(Hg) In(W) In(B) In(Mo) In(Au)
Skewness 0.19 051 097 184 157 108 098 068 196 176 066 061 1.16
Kurtosis 081 0.27 211 794 597 321 236 210 720 1184 093 171 3.88

Glagog, 5l (Saiz-Saiz 19505 Q-Q Jloges (ruizmon g laosls Slgl 3 ol S gt pun; (izeen
(Jloy MalS @558 o pl S g logas Al g Wosls @555 (3352 Jlo i (o2 Sl Jgome 5y
Bl ool Jloys mjei eases (Lis wlgh oo plF g IS aze S jo ol dsSS5 5 o)l
Gibbons and ) wibice s, @is 90 amlie @lp )loged chg, Q-Q jloged (izees
L s 0t Jleys a5 K |, dalie 0,50 slogs ) o5 51 > (Chakraborti, 2014
alie oads duglie @398 99 ST (hg, cnl 50 ez (T L) pgs s 09 Jboy Olss oS
b abal) o se 519085 walys 18y =x bs (g5, Lo,a5 Q-Q Jloges (59, bl il
Y= bt Ll s ool g ot ce ,,5 ol Lo Sy g5 Loy o fogas blis carly ansls
&9 bl F G0 ) bt a4 Jloged (nl 0 euds e § bl ax ja ool O )leds 04 walyss

Sy anlss 505 oy 4 sl sl 3
530 stloandghy slo it 3 m Q-Q Joges ol F-F IS5 5 1,8 ol S5t (HIT-F S
3l ol stnn & ] asein UK ol 5 45 joboled s o ol |, dalllae ol 4 oslitd

b oo S5 Sl ot 4 3T Q-Q Lloges 45 5 0,08 Cals gl > 4 la o

1 Quantile-Quantile Plot
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Expected Normal Value

Expected Normal Value

Expected Normal Value

Normal Q-Q Plot of In (Au)
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oz 5l casload sleiiny goanie slaghs; (Jloy @ig @ siie o sloosls @5 s sl
oSU ks g ' amile o pes aty acule i) (oot )8 has 4 ol e B, ol

2,5 o)Ll ¥ WSS
S osS Jlas sl el Jloy SY 4 o3 aboowiish sloosls au)sr Yaone aSiT 4y az g3 L
Romic and ) s e eolaiwl T o )50 oS Las.o.c WJoy 4 bl a5 o g laools Sg>
&35 00,5 Jby slp s adllas cpl o a5 o (Romic 2003; Oliver and Webster, 2014
P o V-F Kl el a3 1,8 ol 5,50 (g5luJon 5o g dnlore wilaiisls Jloy e mo 598
s oo s ey )& Lo o ;AU 5 Cr B sle i Q-Q Lloges 5 Sloly8 ol S et oo F
Jboy > a0 5 K0T &0 by e (0l Q-Q loges § pl,5 giad ol Lasuine a5 j5blea
J8 5 oolainl 0590 (oliondishs (s pxiio plod SoiS 9 No> polas yioren il G5
Jos 5o polie plaS conl (astin .Casloads ools Lis V-F Joao o oo, Lo jlow

iload S35 o 4 Jla b 5 wilazs 18 Jlo s @58 sl S 0590 3L 50 Lol 850

Loold (g 3lw 35 podio —F-1-F

Al e 00 sanlie slaools Yoy ® 0,858 eie dCA (5318 s (58 y5p0 9 2y sl
slS jekaie 4 daosly o Sahw ol e 4 5lo i ol (Hyvarinen and Oja, 2000)

5| Bua (Kothandaraman et al., 2020) 55,5 oo plsl o] (s5lwooles § ICA i 65l Souzmn

1 Johnson Transformation

2 Box-Cox Transformation

3 Logarithmic Transformation
4 Natural Logarithm

5 Centering
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555 05 b IS il il o i Siln b (5o 4 X sl oy s laosls (9,558 e
(Mohanaprasad et al., 2019) :5 , & oo & y50 ¥-F alal) 5l oolainl b g Slaslin oy 5l Sl
X=x-E{x} (*-%)
Calodds 35 peite pSilee Joo a5 Canl gauaz Yo & g Slaslie o p Sl E{x} o] jo a5
3 7o Jee sbaddie (Xl claalin Jlop (0,535 yete 4 jo a5 Sl 4z Wb
LSz ails anulre L adlye ol (:S0lee a5 095 oas Sl g9.090 (nl (Jg 005 o0 Sho

(Hyvdrinen and Oja, 2000) :cuils guplss> YY-Y alal) 4 azg
E{s} = A'E{x} (f-9)
b S g o a4 il oo DS g ilo A 55 Jitns cloailie uSileo E{s} o] o o5
Mohanaprasad et ) ass oo )3 b cou |, L] g jle bosls (55l ot aSST a4 a5
ATTE{x} ;0,5 a8lol L o(S) (39,5 sloadlie g LIS o 5l 0,915 5l o olg5 oo (@l., 2019

555 dsmlina |y ol (:Sils b 25 5 sloailse

Wools (g jlwaniuw —0-V-F
Moy el i cpl o il oo besls Y gilwasin dCA b, ;0 aube (B3l s Koo
039 Aol a0y loadlie a5 e oo Jiod W X o G A Jgea (X) Olaslis
Slp oo,S w5l Ko & leas (Hyvérinen and Oja, 2000) wib oxly ol LT wiblg 4
ples & gylel JUSw 3lo s au ke Gudo 090 o eoliiwloads 35 ek sloesls T8 S dtucenls
o pbe g axly Wb diwaenl slaosls il jly oo Bk 5l aiie diwaeal « Jaiwe glo LK

by lg3 oo 4z ,o (Kothandaraman et al., 2020) aib ¥ Slea LT Luil S

1 Whitening

2 Uncorrelate

3 Statistical Signal Processing Theory
4 Identity Matrix
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E{xx"} =1 0-%)
sl loie 45555 (SVD) "5 00 slolode a)yos Jio  alide sla g, 5l eolatul b 0,5 duduw
Kothandaraman et ) 545 o plosl (PEVD) ¥ gl dlazaix o9 (sl ,lode 4325 o (EVD) Yo
(Hyvérinen and Oja, 2000) :0,1 oo Cwsas
1
% = ED 2E"x ¢-%)
5 Col X Slaslie b lsS wple ohg sl el gl E o1 0 a8
1 it . .
L olgsse 1, D72 jlaie #-F alaly 1o .01 059 polie 51 Ts ks s 5o D = diag(d,,...,d,)
1 1 1

Oezed 0S ale D2 = diag(d; 2,...,d, 2) Ojsoa ool adlie 4 adlie Sllas SO
asles oo o A Los L owple a |y bYWl o gle (giliaitn a5 0,5 a5 Wb
(Hyvarinen and Oja, 2000) :oils puplss #-F 4 YY-V slaalka,

1 ~
%X = ED 2E"As = As -9
el )b slass g luasin 45 S gt oo cenl dalaie (A) o LIS g ile aSST s 4> g5 b
ol s yilo ypolic dlaws .asled oo yoolo 1) ICA dllus g ools rals 1) Wigdh 00 (ymedd by a5
o= ple S sl sl slaw 1 ceus 950 Ll dslee o ile SO piosle Lo 4 .cwl n(n—1)/2
o9y 9 0ges J= [ ICA S 51 card (65lusdin a5 S (g5 o (pl plis ol o o 1) Jgere

(Hyvarinen and Oja, 2000) wil o ICA Soxy oS lp o8 jlew

1 Singular Value Decomposition

2 Eigen Value Decomposition

3 Polynomial Eigen Value Decomposition
4 Diagonal Matrix
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gt o ICA by, oilomlone E5Siie LalS el (6 jlmimins 45T 0929 b w5 oLl aubs Lol o
& aze S abl asly ply 5o (e S gleadlie uibly 5dse el Glojen O jsoas Jg
w2lg3s 352y Jis slaadlie sl (uilly ol gy a5 cool 0T (553 (nl ogllae (i

(Yang and Cheng, 2015a) .c.sls

oo Jwily g5lwJoo -Y-F
Sloedls (3315 e 5 Soslaez 0575 5 soleitan slas; 5ys8 Jgol (B (5w g o Juab o
ouds ol geosls (59, » ICA § PCA g3l Jow slyzl ogon idn cpl jo 0l )2 (59959

25 (50 58 o 990

PCA 9y 41 (Fore Jomiliy 5w oo -1-T-F
IBM SPSS l38ls 3 PCA g, 3l ool b asdllas 0,90 ddlain Sose il (g3loJow jglaied
5 oy oS 5l e coolaiwl 0550 slaosls plad jalaie pl 4 el az8 8 IS 4, Statistics 22
23,8 Jedo o,Lil 390 13800 5 38 5 0ad (550Tmen EXCEI L G 5o L5 3,50 Slabls i
SzsS a4 S5l Gl )y bl p 1) (25,5 Gloadlie SIS & je0a PCA g, a5 ol o
sosls Jlwo flgreas) oI5 S8 L s e laosls Ko &8,k 5l (Davis, 2002) wlei oo (gisas,
ailaie jo 3l oad culls  slaosls ST by 5l (SareS iou ((aleertiss slags bl 4y bg: o
35> 2l b s e sbeosls cul (Sew o e 4y (Carranza, 2008) wws o JoSid |,
9> radlie oy 3T Bl amil 10 05,55 )1 3 PCA jlsanl cavods >g,5 sladadlie oyl
Fogh yomie ddlate ;0 99290 Sla2l5 S 5l (B 4 bgpe DML (58, (ol Sl (e
)5 a5 53 (63959 Sla e Sl b Solue (79,5 slaadle slasi woad plowl adlllae ;5 o5, ()
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oy sl ylop .l o patin |y 29,5 sloadlie s oS5 0 adgl pate 1o (59 Jgoa (ol

adllas 090 adlais )5 Sose

olods

ool yLis Y=F Jgaz ;0 oads sl (g5l Jow 5 eowl cowsay

Jily s3loJoe cg> PCA o535 slajlo o -V-F Jgux

Variable PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 PC9 PC10 PC11 PC12 PC13 PC14 PC15 PC16 PC17 PC18
As -0.63 0.54 0.07 0.14 0.25 -0.17 -0.01 -0.08 0.01 -0.01 0.20 0.24 -0.01 -0.11 0.25 -0.07 -0.02 0.00

Au -0.15 0.28 0.09 042 -0.35 0.47 -0.43 -0.28 0.27 0.18 0.07 0.01 0.01 0.03 -0.02 0.01 0.00 0.00

B -0.53 -0.20 -0.11 0.47 0.06 0.39 -0.02 0.35 -0.20 -0.04 -0.11 0.26 -0.16 0.13 0.00 0.02 0.05 0.00

Co 0.81 0.16 0.36 0.22 0.10 0.20 0.04 0.08 -0.13 -0.03 0.07 0.02 0.02 0.00 -0.03 -0.08 -0.21 -0.09

Cr 0.75 0.03 0.35 0.06 0.46 0.01 0.04 -0.03 0.06 0.19 0.05 0.01 0.05 0.11 0.06 0.09 0.19 -0.07

Cu 0.23 048 0.52 -0.23 -0.38 0.09 -0.20 0.28 -0.07 -0.21 -0.14 0.04 0.10 -0.19 0.03 0.05 0.10 -0.02

Hg 0.05 0.43 -0.17 0.55 0.18 -0.31 -0.02 0.38 0.42 -0.10 -0.07 -0.11 -0.03 0.02 -0.04 0.01 -0.03 0.00

Mo -0.68 0.02 0.14 -0.18 0.16 0.37 0.11 0.30 -0.02 0.20 0.25 -0.30 -0.09 -0.13 -0.01 0.01 0.01 0.00

Ni 0.77 -0.02 0.06 0.43 0.21 0.21 0.14 0.06 -0.08 0.14 -0.05 0.04 0.22 -0.09 0.02 0.02 -0.02 0.12

Sb -0.63 0.55 0.11 0.01 0.34 -0.07 0.00 -0.14 -0.10 -0.05 0.09 0.14 0.08 -0.03 -0.30 0.08 0.01 0.00

Sr -0.62 -0.18 0.16 -0.50 -0.07 0.11 0.15 0.21 0.24 0.10 -0.01 0.15 0.31 0.15 0.02 -0.02 -0.06 -0.01

\% 0.32 031 0.72 -0.39 0.06 -0.07 -0.15 0.06 0.02 -0.04 0.09 0.00 -0.20 0.21 0.00 -0.02 -0.03 0.09

w -0.62 0.47 -0.01 0.07 0.29 0.17 -0.10 -0.14 -0.18 -0.14 -0.25 -0.29 0.14 0.14 0.10 -0.04 -0.01 0.00

PF -0.24 0.09 0.47 0.27 -0.21 0.21 0.66 -0.22 0.16 -0.20 -0.03 -0.02 -0.08 0.00 0.01 0.03 0.03 0.00
ETM+3/1BR 0.38 0.30 -0.50 -0.50 0.21 0.33 0.02 -0.04 0.13 -0.09 -0.07 0.06 -0.10 -0.02 0.07 0.23 -0.09 0.00
ETM+5/7BR 0.54 0.37 -0.45 -0.35 0.15 0.34 0.10 0.00 0.11 -0.10 0.01 0.06 -0.03 -0.02 -0.07 -0.26 0.10 0.01
Intrusive Rocks 0.00 0.73 -0.09 -0.10 -0.27 -0.17 0.24 0.03 -0.10 0.46 -0.24 0.03 -0.10 0.01 -0.01 -0.02 -0.02 -0.01
Ophiolitic Rocks 0.32 0.49 -0.47 0.14 -0.42 -0.04 0.13 0.10 -0.18 -0.09 0.33 -0.06 0.12 0.17 0.03 0.06 0.03 0.00

oy osls il ly 5l Lopgms (oull 2 1) (29,5 slaadlse PCA ul

o)Ll a5 s ylan

S8 50 eizren s o0 LA | Laosls IS uil)lg )0 (29,5 adlie 5o e YT g ailes o

sy a3 bosls JS' il )ly o 4dlie 12 mo 9 (29,5 Soadlie e (Wil )ly oo Jlages O-F

\ V¥

awlodds sauiS



o ools JS' byl 51 (o295 sloadlie g -T-F Jgo>

Component Total % of Variance Cumulative %
PC1 4.90 27.23 27.23
PC2 251 13.95 41.18
PC3 2.05 11.39 52.57
PC4 1.92 10.67 63.23
PC5 1.23 6.82 70.05
PC6 1.08 5.99 76.04
PC7 0.83 4.59 80.63
PC8 0.67 371 84.34
PC9 0.53 2.92 87.26
PC10 0.50 2.77 90.04
PC11 0.40 2.25 92.28
PC12 0.38 211 94.39
PC13 0.30 1.66 96.05
PC14 0.22 121 97.26
PC15 0.18 1.01 98.27
PC16 0.16 0.88 99.16
PC17 0.12 0.66 99.81
PC18 0.03 0.19 100.00
pC14; 218 PCIS:HI8 /A e e
PCL3; 299 T pCis; 034 90.00
PCI2 379 . 3000
PCI1; 405 N3
PC10; .499 2 7000
PCY; 526 g 60.00
PC8; .68 S
=
g 4000
E)
=
© 2000
10.00
0.00
CLLLLELLLLTTITTETSS S
Components

Bz addse po uibjls Oliee g (Cnl)) (29,5 laadlie (uib)ly (read o) lages -O-F ISCo

Z9 ailie 2 50 e 93 b Sy (59 9> 3l G 099 YL PCA ol o Jlia| slallas 5l (S5
Mol i 3 y50 29,5 ailhe 45 98 o iacl aul & i (Yang and Cheng, 2015b) wily
i &ly e Gl 4 PCA 3y, gl (sl 4l a5 wdly it 50 b S abale o
oy (- US) ool all LT 2oy slaadlie VNN e paezd Sgte Jlgel 5550
Sy3ln 5o Glaled 4 spar D500 PC a0 1) o it plad o (35 5log0d (nl - Cunslosys S

500 50 aliBee sla paiio paew 31 PC aiz 350wl aseine £-F IS0 Jloged 40 a5 jebjlen
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Ol se (shie 9 S (59 L) PC 2 10 50 sl e ool ogdle o loged ol asdllas L

Dged oz 1y sl Sl lie g S50 sl puaie olaws

plsl ENVIES.L j158ls 5 5l oolaiwl b dCA o9y 4y dslllas 0,90 ddlain Jose Joily gilo o
ArcMap 10.3 158l 5 Jawgs laml «p3Y sla josls oo 51 e (699,9 (sbrosls jelaie cpl a0l
95 95 4 Sile e @l duglie (Sl aSST gz @ pizean 0D (65 SoAlE 4 o
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Variable IC1 I1C2 IC3 IC4 IC5 IC6 IC7 IC8 1IC9 IC10 IC11 IC12 IC13 IC14 IC15 IC16 IC17 IC18
As -0.17 -0.21 0.24 -0.35 -0.08 0.03 0.07 -0.32 -0.56 0.06 0.11 0.03 -0.37 0.36 -0.06 0.09 -0.17 -0.07
Au -0.23 0.25 0.18 -0.16 -0.12 0.21 -0.17 0.04 -0.57 -0.23 0.01 -0.02 0.17 -0.46 0.03 0.18 -0.28 0.02
B 0.25 0.03 0.20 -0.15 0.11 0.16 -0.02 0.00 -0.02 -0.03 0.07 -0.15 0.06 -0.02 -0.05 0.03 -0.90 0.01
Co 0.09 0.31 -0.81 0.02 0.00 0.12 -0.10 0.13 -0.01 0.02 -0.14 -0.17 0.13 -0.07 0.31 -0.01 0.16 -0.08
Cr 0.16 -0.09 -0.79 -0.03 0.21 -0.01 -0.05 0.34 -0.02 0.18 -0.05 -0.18 0.07 -0.12 0.12 -0.07 0.24 -0.03
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Hg -0.31 0.16 -0.03 -0.28 0.22 0.50 -0.09 0.34 -0.05 -0.06 -0.18 -0.30 -0.45 -0.01 -0.11 -0.07 0.09 -0.16
Mo 0.09 -0.20 0.19 0.09 -0.23 -0.17 -0.05 -0.19 -0.18 -0.09 0.54 -0.08 -0.01 0.02 -0.29 -0.23 -0.50 -0.25
Ni 0.18 043 -0.71 -0.02 0.24 0.10 0.01 0.28 -0.01 0.07 -0.11 -0.23 0.13 -0.09 0.11 0.01 0.15 -0.08
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PF -0.18 0.04 0.05 0.02 -0.35 0.23 -0.10 -0.12 -0.10 0.51 0.39 -0.07 0.08 -0.14 0.12 0.44 -0.22 -0.25
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\% 360.0077 69 4.01 % 359.7600
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Ophiolitic Rocks 0 0.00 %
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aibate lojlgale ygai g AU-AN-3 Jlogil oogome ;0 0ol Coils p sladiges Cuxdae =)+ -0 JSi

3,90 ol 2l gy 4 Mo yate gl 5 'ICP-MS g, 0 Mo 53l yolie (sl baaigas ol
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Cwloads ool OL.....»
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Sample No.  Ka-Sh-03 ~ Ka-Sh-04 Ka-Sh-05 Ka-Sh-06 Ka-Sh-07  Ka-Sh-08 E.T”
X 625306 623598 624720 619950 616713 614347
Y 3977268 3976486 3976257 3977500 3978892 3978980
Au (ppb) 28.63 49.48 64.57 25.29 12.14 6.86 10
Ag (ppm) 9.03 2.12 1.41 1.82 1.89 1.91 7
As (ppm) 3.10 99.75 2.01 9.72 0.93 17.94 700
Cu (ppm) 263.54 46.64 19.96 42.10 620.51 88.88 700
Pb (ppm) 75.98 15.71 2.96 22.36 19.12 9.62 700
Sb (ppm) 5.69 2.52 31.72 1.2 2.94 1.81 400
W (ppm) 3.12 1.13 0.95 1.19 211 1.58 100
Zn (ppm) 325.69 117.42 21.63 2211 40.47 111.80 700

* Enrichment Mineralization Threshold

1 Inductively Coupled Plasma Mass Spectrometry
2 Fire Assay
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IS gaiaiil Juo o Lol adilg oS CiS g o S Dygedr (Jy ame oo plis 1 diged o
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1 True Positive

2 False Negative
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Abstract

The high dependence of knowledge-driven mineral potential modeling methods on expert
knowledge and experience makes the results often erroneous and not unique.
Conventional knowledge-driven methods usually use expert knowledge and experience
in different stages of modeling, including the preparation of conceptual model,
determination of important variables, weighting to various classes of evidence maps or
information layers, etc. This problem, along with other factors such as the need to
determine the type of mineralization sought before modeling, makes it difficult to use

these methods in mineral exploration.

In this study, principal component analysis (PCA) and independent component analysis
(ICA) are introduced as two knowledge-driven methods with the least reliance on expert
knowledge and experience to model mineral potential. These methods due to the
multivariate structure, low volume of calculations, and lack of need for basic information
are primarily consistent with the nature of mineral resource exploration studies and the
data used in them. Also, due to the lack of need to determine the type of mineralization
sought before modeling, obtaining various results from the implementation of a single
modeling process and reducing the impact of expert judgment in the implementation of

modeling, have shown positive efficiency in mineral potential modeling.

In the present study, in order to develop these methods, after making the necessary
preprocessing, the data were entered directly into PCA and ICA process. Then, according
to the load values of the variables in the table of PCA eigenvectors and ICA unmixing
matrix and examining the positive and negative correlation of variables in these tables,
each of the output components has been interpreted. In order to implement this process,
an area of 4800 square kilometers in the south of Neishabour, northeast of Iran has been
used. High-quality data such as the results of geochemical stream sediment, geological

information, structural fracture patterns, and remote sensing data are available in this area.

After modeling, two different types of mineralization including podiform chromite
deposits and epithermal gold-antimony deposits were identified in this area. Then, the
accuracy of the results obtained from the two methods was evaluated using the position
of the known mineral prospects in the region and the method of receiver operating
characteristic curve. The obtained results were also compared with the results of
univariate and multivariate geochemical studies and the results of mineral potential
modeling by the fuzzy logic method. In addition, the effect of outlier values correction

on ICA and PCA modeling results was also studied.

The results of this study showed that PCA and ICA modeling were relatively successful
and identical in identifying promising areas of podiform chromite deposits and epithermal
gold-antimony deposits in the study area. The ICA method has yielded more accurate
results due to more rigorous theoretical principles and the use of higher-order statistics.
However, the area of anomalies introduced by it was smaller and more incomplete than
the PCA method. In general, it can be said that ICA is more accurate in identifying
promising areas for mineralization, and in contrast, PCA has introduced more
comprehensive anomalies, despite the small error in identifying promising areas for

mineralization.
Also, the introduced methods have been successful in using less expert judgment and
have used expert knowledge and experience only in the stage of interpreting the results.

In addition, the two methods used without prior information from the study area, have
succeeded in identifying both types of mineralization in the area. These two cases can be
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effective steps towards easier and more effective use of knowledge-driven methods of
mineral potential modeling in exploratory studies.

Keywords: Mineral potential modeling, Principal component analysis, Independent
component analysis, Podiform chromite deposits, Epithermal gold deposits, Receiver
operating characteristic curve.
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