Yoy 1FeF lcnn 9 3wl FA 0Ll 34 0,90 ¢(60 3135 owlili ooy (w98 (gLoaudl

A 03900 (ouiial] § 399 3] iR )0 (Shol Al ge Judxi g 4 jxT Sy, Gl
Sloli gz F39 Jolw oz gy 3l oolaiwl b wllxo oyl 38 wuasy bl yuo )
W b Jbgl

f . e Y . Yt | (s Yo .
B G Solgd 9 bl pligs Tl s Sl Lo e
Ol el o collwl o131 olZitils «ille aly (yame 09,5 ¢ yame BLESST gl 2S's (gezeiils -
Ol el o callwl of3T oKzl clls alg (ydma 09,5 Jboluwl =Y 4 ¥
Olnl leral (leiol s oBiils (are cwdige 0uSiils «(BliiST 09,5 Lobiwl -F

* S.Dehghan @outlook.com :J g oicus g

$o )8 o g o LG JLVER R VY IVIYD iedl o

ol

Slaghy, Sl 5 (ow)p dtl s Sloade SLziST S0 (et 5 (S il bl plulid 5 (Gose Jomsly 55l
Slownns H15 3| dalllas 590 adlain Wbl oo Coenl Pl Sy, oS 5 BlissT Jleixl o pUL o 4 g3l Joe (ngi g @l

& el —gaiis 435S S0 (gl Sl SlaassT sl laise Jeld cneiolnl (seliine; sloos; )bl
oS 5 b sl SIS 2l (53508 (slmongs 35 1 55l pos —gatiies W35S ,55 55 (st (gl (ol a5 1313
il 2 0aS 1y S50 a1 Qa3 S i sead SLELLT Lan 5 (g9 slaamly 5 (SissiselsS 5 CuymosilS b eilS LI
oasdd Gl a9 S g, oleie 0 PCA (39, b g il soiomiw 51 (8L ,0 sloosls 5l solitwl b el 00,5 oloul 95
LAgZ 3 As Cu Al yole a5 0l asin oluoniis) loosls Juloo g a0 b camdish) (idu 40 0l ooliiw! ddlie gbo Sl 5o
30 Gl g Jomsliy slylo olic ol Sl die) jlade il do diz oo aiz Jobwe pou b Jlade 5 cuta UL (o=
Jsl adge 15 o evmlive coudvsss (5,955 LT o el Lals Jbogil amsls G lyls W floo ol ;0 45 akiud s3gaze oyl
ol aibise UL 606 b Gl Au yaie o1 5l e g wib oo Fe g W PLi Ce La Nb jolie sl 6,956 b o s
2395l Slellll sloal a3l g lain 4255 |y Sy e JT AV 030 15 Lo 4 ;555 olic sass 4z g5 L ,gi8d
Sliseed Ol cadlaio )5 (yolee 0925 4 azgi b g CEnd Dyge (Jshe (959 sz g, 5l esliiul b Slellbl 34l (oot 5

A atie dibaie yolae b sdel s 6Lm61u9ﬂ o, 0)

ooy s Jlgl sPCA (hg) )90 5l Giomins b Jmilty i 1 gauls slaejly

oy (Voo A L) Sges Ogmime ' 0dtsS i i
(D97 D90 0> £ S lp (s Joo S
alides glgl 1 0gzge slrosls g Slellsl 4y 5Ls
S 90 ﬁus wlice oo wais ﬁus LgLaJ.u ‘Sw)b
ld ey sladazs 5 adlllas 550 am b o 252 0
;_;Luo94a>5;_;LaM RSy CJ)MJASsLﬁu]A)Ja}:)A
(@5zs 259 P Sl g8 So (owlbidne;
e ol ey St 0)byo loadly sl

Sy -
B sl oy 4 e 153 LS ozl
Al 5o ¥ shlo e lils 5 b S 51 galaBl (331 L 5S el
5 e byl o slubs il Ol Juls
&8ly 5o (BlasST adlaie Olasl .ail oo 0> s
ot il (amy Logas) Lisoogel adlaze Gl
SGo3 o ol lame g 0,50 5l cslil wlel 5 ol
5 b0y slaanlp o aloolSe 1 5 o)l
35S 50 D yg0 eliiomd cwlis (5L S (6l g LS

Silodae 3l (295 Olgiee |y anTyd cpl oles a5

!"Predictive Modeling



Yoy VPeF linco) g jualy (FA o 5loud 19 0590 (60 39315 (ol fpny (9 93 (gloASL

9y 7 kel laailse IUT g, ) eslinl L% geuld
L(SWIR § VNIR b o3game) sl szt slosls
b b o Sl S0 slaggy hel sla sl i85 i o
2 ol geianal e Jlogigl sl sla,lsls
5tded Dy (63 9 Ly 5) aisls o S 0l (5505 )b
ASTER 955l jizeiws slaools 5l oolazwl b pally (Y- -V
SNyt (sl 1) ol (Lol adlie el o 55
N pgilel dibie (>low o (Slicsy, o
099y 90 sl (Yo o)) Ken g ualls) ailos
il ly (( Seimad g 55 5 KL slag i
i e 5 gy g Gaxe slaluils
W55 5 s sla LS b sl ao s AV/E 5 Y/F
s Jlo) b plas mbs (bl Gl 1y oo
sools gy 5l e g gawl (YD o San
ol y (Gaxe Ll JS&I o BLI)| g0 500
Om 9 B Blate gy 05 A sl p onh wSLS
Jilty ol 4 g widgas oaliil 3LazST glacsan
S o) 83,5 a1, 655 0 Ol 5o e g Ub
Sl Gy 5 ohlSes g (el (Ve oV e
sl ogill 3ble plolid ln (Gig Jobo S5
5 omob) wis,S eolaiwl ol collore o W Blics]

(XYY ) San

9yg0 b (ol 9 (2Ll 3 CoaBeo -

axdlo
sdsb o @ldlar Slate )5 (gw)p 3590 4l
Sl Be g amBo Vg az 0 b bazyo b0 )0
Bb sl 48,5 18 a0 VF B aids ¥ 5 am o VY
Bl S 5 Slime ol J 4B 4t
odd &3ly 15 (S yeglS YPY alold o a5 conl aiss
4l o 8yl glaanig (owlibosy, [ 5l el
L o)l gohw 0250k (oo ysbar adlllae o )50
shls g W,laubl 5 s bdazigd ol los el asay
Slows pliw o §30 g Jlod )3 it o5 (gl
Soge 4 el Ol Slgw, (GlakesS (>lg)
o2 5l e Glaigs @y 5 oo ailas ;o HleaiSilbg e
SN A s Gaw 4 oyl allds aS wileww! wuay

3 Filho
¢ Los Menucos
" Porwal

Wlgs o0 a5 (olidiran) K03 (5)lse 9 o laie g Lo S
>l & sy Gl G shoans SRS Glee 4
ORRF 55— plas) Consl e ol ke Guan
Sy Slerd ) 5 (o598 (eulidiine) Slasuis
Wb (297 090 RS g9 e R3S Jold &5
el (ST sla Lo (ead 9 bl L
sle,lae 05g] Caws lp (Yoo A AR el
550 Slelbl oS 5y eglle dilaie Sy o 3LazS]
Sleogar g Jdae osle pBd 51 S5 cSls 4 LS
Sl gy >y Slelbl oS 5 oib oo jw o]
sy sz 3 ol gl oS5 5l sllan aslic
wloo o g Gloy 1ol el plojen ol alise
S5 08 3lge 51 (SO (VN0 e 5 (2e)
ol 4 dme sole Jpuilty (gloadids angs olellll
LS| e plovl gz il s bl lolis
4t sl e slaghs; Sl ojepel ablse (Jodis
oty IS sl o 855 o ooliil s oy 425
ool dsisgl \‘Lga.g)ﬁ.a 5 " gmmecsls §gme yils & jge
YV Gl g piyee) o (Voo A dpll8) ol oo
ddioy OS5 (i a5 0 )5 5 slat, onl S
Sl glagygs ams e St |y allie oyl Sl
Sl ol Uzl gy a5 b, ol bl oo
Jlie gl ) aasetio oSy 5l ond azslis glaolas ) o
WS (oo et |y (008 55l S slamal G b3
JEDRNUIE S NI R T
5 lboedssy s Jlsil b SHESE (sislsd e
5 S g slas, el s925 4 sl aS (o855
Aot oo |y 098 o0 0350t SOl Al slaciond
1990 B 129 clale ;5 (TNY obel)
490 5l Lo glrosls 5 )5 51 goasie sla b I5E
S sloazly ilalaz g b gl 5o s5lej)l
5 o0as gl S g 3 (1290 dolasz38) ol o 43l
PRISTEIS G- T S S B R N
Ol SeS LaS 5 cpl Al (Sdme dlge Bli=S]
e Slse b oS logug yolie 5 la SIS wiilys o
ot S8 el 1 45 0,5 ol Wl yan gt
5 Lsg,S OAAY wiatyy) 8,5 oo b SIS GLazsT o

2 Knowledge-driven
? Data-driven
4 hybrid



Yoy 1FeF lnco 9 3wl YA 0Ll VR 0,90 ¢(60 3135 ol cymo) (95 (gLrasSl

9 b KinSl o515 5 b 59,53 Do g o0y
S glaaly cloygais) ol ods 00553l lnalus
B Gl S 5 by Jlod Gioy 0 Sisgiedly
Ot 4y 29 s Jled i o b sl
oK (glagygais, wled 5l way |, ab Slelis)|
G oy 45 Jlad (o dB5 a5t derd 50 (355 50
oS 5 g Slels) LS Sl Lo
) o5 olels)l )5 ogi> des )3 G395 (0,8
Wi (VoY ooSan 5 collolliend) wibols S
o 08,91 VS 0 anlllas o )90 dllaie el

@loas Sl (Jrbogiz 5 ogix )0 Ngdoe S5
Pl e o5 Gl b (sl e i 5 oS
Gl Jod ailog, JIs>) b Jowe 51 pany o 5010 0925
sl LS J o ol b s 5l
gy s ohyai 5 Slyid b i, o 0 5
i) 5515 b S shasoly s il
B0 9 Ol Sliwgy oz )0 iled sl way 1) (oS
9 om0l Sy So O (Sliwg; g Sl ol 08
045 55 yei palle cash b sloaials b uadls
S sloaxly led o glaidn )3 eves 5k
o &y Bble pl )5 . 8gh oo 0nyd (ugil g alls,S

by sl il ((Bluine; slagys

Legend
Geo_unit, Describe
- El,c, Nummulitic limestone
- Em,s,|, Greenish grey nummulitic marl
|:| Js, Light grey quartz arenite
- KI, Brown thick-bedded orbitolina
- Km,sh, Grey to white marl
[:| Ksh,m,|, Yellow shale and marl
E PC-Cs, Dark to light grey
- Pl, White to milky thick- bedded
- PIQ, Unconsolidated conglomerate
|| Ra,Residual area

Geo_unit, Describe

[T Py, diabase

- Qal, Old alluvial terraces

- Qm, Clay flat(mainly clay and silt)
[ | an, oid alluvial terraces

- Qt2, Young alluvial terraces
[ atr1, old teravertin

l:] Qtr2, Young teravertin

- am, Amphibole schist

|:| gra, Anatectic granite

- grp, Tourmalin pegmatit granite

Fig. 1. Geological map of the studied area
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Fig. 2. The relationship between cell size and the number of cells
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Table 1. Status of eigenvalues of vector functions of factorial analysis method
Eigenvector Band 1 Band 2 Band 3 Band 4 Band 5 Band 6 Band 7
Band 1 0.999404 0.034466 0.000311 0.00102 0.000792 0.000008 0.001345
Band 2 0.034479 -0.999241 -0.016533 -0.003947 -0.004328 -0.000782 -0.0022
Band 3 0.000278 -0.016475 0.999782 -0.010292 0.000591 0.001706 -0.00699
Band 4 0.00088 0.004189 -0.010178 -0.999859 -0.008979 -0.000945 0.007105
Band 5 -0.000637 -0.004318 -0.000745 -0.009028 0.999912 -0.004956 -0.001914
Band 6 -0.000035 -0.000863 -0.001462 -0.000711 0.005021 0.999222 0.038661
Band 7 0.001278 0.002398 -0.007111 -0.006986 -0.001703 0.038638 -0.999126
Band 8 0.000375 0.002864 -0.00193 0.005234 0.005249 0.000561 0.01027

Band 9 0.000679 0.002188 0.000384 0.000643 0.00104 0.000023 -0.000749
Band 10 -0.000333 -0.001301 -0.000394 -0.000299 -0.000343 -0.000714 0.001687
Band 11 -0.00007 -0.000855 0.000977 0.000126 -0.003672 0.004976 -0.00552
Band 12 0.000319 0.00015 -0.000096 0.000486 0.002353 0.002921 0.00117
Band 13 -0.000006 0.000154 0.000033 -0.000379 -0.000002 -0.000122 0.001229
Band 14 0.000079 0.000143 -0.000075 -0.000031 0.00062 -0.000204 0.000397

Eigenvector Band 8 Band 9 Band 10 Band 11 Band 12 Band 13 Band 14

Band 1 -0.000498 -0.000756 0.000368 0.000131 -0.000325 -0.000001 -0.000085

Band 2 0.00289 0.002167 -0.001259 -0.000912 0.000141 -0.000149 0.000143

Band 3 0.002111 -0.000368 0.000409 -0.00099 0.000097 0.000026 0.000081

Band 4 0.005175 0.000667 -0.000319 0.000188 0.000479 0.000391 -0.000026
Band 5 -0.005218 -0.000963 0.000218 0.003652 -0.002312 -0.000004 -0.000623
Band 6 -0.000936 -0.000118 0.000776 -0.004731 -0.00297 -0.00007 0.000182
Band 7 0.010338 -0.000855 0.001866 -0.005514 0.001023 -0.001227 0.000409
Band 8 0.999835 0.001839 -0.001171 0.011705 -0.003855 0.000274 0.000768
Band 9 -0.001593 0.999721 0.005516 -0.022209 -0.003566 0.003288 -0.000854
Band 10 0.000812 -0.004876 0.99955 0.029255 -0.003663 0.00099 -0.000589
Band 11 -0.0117 0.02234 -0.029118 0.999222 -0.000828 -0.000387 0.000269
Band 12 0.003814 0.003573 0.003655 0.000901 0.999971 -0.00071 0.000059
Band 13 0.000261 0.003272 0.001013 -0.000421 -0.000726 -0.999993 -0.000851
Band 14 -0.000773 0.000846 0.000603 -0.000274 -0.000063 -0.000847 0.999998
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Table 2. Results of factor analysis based on the normalized values of the variables

Component Initial Eigenvalues Extraction Sun.1s of Squared Rotation Sum.s of Squared
Loadings Loadings
Total VZrbi aorfce Cuml(l%ative Total VZZ aorfce Cuml;zl)ative Total VZZ aorfce Cuml;zl)ative
1 8.855 30.534 30.534 8.855 30.534 30.534 7.741 26.692 26.692
2 3.661 12.623 43.157 3.661 12.623 43.157 3.725 12.847 39.539
3 2.176 7.505 50.662 2.176 7.505 50.662 2.12 7.309 46.848
4 1.671 5.761 56.424 1.671 5.761 56.424 1.76 6.07 52918
5 1.386 4.779 61.202 1.386 4.779 61.202 1.685 5.81 58.728
6 1.135 3.915 65.117 1.135 3915 65.117 1.44 4.965 63.693
7 1.019 3.515 68.633 1.019 3.515 68.633 1.433 4.94 68.633
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Table 3. Matrix resulting from factorial analysis

Component
1 2 3 4 5 6 7

Ce 0.94 0.197 -0.024 -0.05 0.069 -0.009 0.073

P 0.936 0.199 -0.007 -0.043 0.046 0.021 0.103
La 0.927 0.186 -0.043 -0.049 0.086 -0.014 0.1
Nb 0.926 0.196 -0.039 -0.043 0.089 -0.04 0.072
Li 0.925 0.172 -0.063 -0.024 0.098 -0.046 0.149
Mn 0.903 0.27 0.14 -0.054 -0.082 0.041 -0.159
w 0.809 0.162 -0.103 0.105 0.149 -0.162 0.115
Fe 0.786 0.301 0.246 -0.18 -0.148 0.107 -0.268
Ga -0.67 -0.055 0.119 0.082 -0.026 0.123
Yb -0.59 -0.079 0.443 0.16 0.296 0.005 0.097
Cr -0.491 0.033 -0.026 0.082 -0.161 0.118
Au 0.097 -0.049 -0.051 0.109 0.174 0.373

S 0.321 0.055 -0.023 0.154 -0.042 -0.188 0.298
v 0.108 0.483 -0.205 -0.129 0.043 -0.349
Co -0.213 0.287 -0.147 0.006 0.006 -0.213
Zn -0.271 0.579 -0.428 0.04 -0.292 0.209 -0.06
Sn -0.425 0.571 -0.06 0.092 0.293 0.016 0.139
Be -0.217 -0.483 -0.141 0.225 -0.199 -0.002
Y -0.498 0.023 -0.058 -0.151 -0.322 0.206
Sc -0.208 0.67 -0.01 -0.06 -0.103 0.159
Mo -0.328 -0.596 -0.151 -0.291 -0.087 -0.069
Ba 0.065 0.102 0.09 0.747 -0.055 -0.301 -0.112
As 0.117 -0.073 0.007 -0.312 -0.199
Pb -0.005 0.229 -0.191 -0.136 0.522 0.056
Cd 0.166 0.061 -0.079 -0.036 0.086 -0.307
Ni -0.016 0.354 -0.165 0.047 0.595 0.197 -0.097
Sr 0.078 0.206 0.329 0.187 -0.559 0.101 0.392
Ag 0.013 0.125 -0.163 0.004 -0.157 0.386 0.107
Cu -0.201 0.225 0.34 0.191 0.352 0.356 0.052
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Abstract

Modeling mineral potential and identifying promising areas is one of the most important stages of
preliminary exploration. Examining and understanding different and new modeling methods are
important because of increasing the probability of discovery and reducing risk. The studied area in terms
of structural divisions of the geological zones of Iran, includes parts of the volcanic belt and the
metallogenic state of Sanandaj-Sirjan. According to the subduction and closure of the Neotethys ocean
of the Sanandaj-Sirjan metamorphic belt due to the intrusion of mostly acidic calc-alkaline intrusive
masses with the composition of mostly granite to granodiorite and quartz monzonite in older
sedimentary and sometimes volcanic units, scattered mineralizations in this has created a zone. By using
the data received from the Aster sensor, PCA method was used as an efficient and optimal method to
detect the changes in the area. In the geochemistry, by analyzing the geochemical data, it was determined
that Au, Cu, AS and Ag elements with a skewness above eight and a maximum value equal to several
tens to several hundred times the global background value of these elements have a relative
mineralization potential in this range. Among them, gold has an anomalous community. In the
geochemical factor analysis, it was observed that in the first component, the highest factor load is for
the elements Nb, La, Ce, Li, P, W, Fe, and then the Au element has a high factor load. This factor alone
justifies about 25% of the total variability due to the multiplicity of the mentioned elements. After the
preparation of remote sensing and geochemistry information layers, information integration was done
using the new cellular weighting method and due to the presence of mines in areas with an overlap of
51%, the anomalies obtained with the mines of the region were identified.

Keywords: Potential map, Remote sensing, PCA method and Geochemical anomalies

Introduction

Exploration surveys of mineral reserves,
especially for finding economically valuable
concentrations of minerals and metals, are
performed in four major stages: Site selection,
target identification, source assessment, and
reserve  determination. Choosing  an
exploration area means selecting a promising
(generally vast) area. This choice is made
based on the knowledge of the reserve and its
environment near the ground surface in places
where geological and structural processes
favor mineralization. All these processes can
be regarded as a sort of predictive modeling.
Accordingly, information integration increases
trust in exploration data, thereby reducing the

huge costs involved in exploration activities.
One of the applications of information
integration is preparing mineral potential maps
to identify high-potential areas for conducting
detailed exploration operations.Nowadays,
various methods are used to prepare mineral
potential maps. These techniques are generally
developed in three ways: knowledge-driven,
data-driven, and hybrid. Porwal et al.
implementing the two methods of the weight of
evidence and logistic regression for finding the
potential of mineral deposits, validated the
results through 71.4 and 81.6% compliance
with the considered deposits, respectively.
Asadi Harooni et al. used the hybrid data
method of the relationship between mineral
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deposit shapes and known indices to optimize
the fuzzy logic method and determine
exploration targets. Finally, they prepared the
gold and copper potential map in central Iran.
Payamani et al. used the innovative method of
Cellar Weight Base Association to identify
potential areas for gold exploration in
Mabhallat, Iran.

Geographical and geological location of the
studied area

The study area is located in the geographical
coordinates of 50° 00" to 50° 30'E and 33° 30’
to 34° 00" N. The map is named because of the
Mabhallat City in the northeast quarter of the
map, located 362 km from Tehran.

Research method

Factor analysis

Factor analysis is a multivariate method to
explain the correlation pattern in an observable
random vector with fewer unobservable
(hidden) random variables called factors (data
reduction). One of the applications of factor
analysis in exploration is drawing factor maps.
Identifying the number of principal factors in
factor analysis is a challenging task. In this
regard, many techniques currently used to
determine the number of principal factors are
not practically effective. Using the Scree chart,
followed by the trial and error test with the
number of different factors and checking their
results, is the best method to determine the best
number of factors. Certainly, in many cases,
the low number of principal factors show better
results.

Principal component analysis (PCA) of RS
data
The PCA method is probably the oldest and
best-known method in multivariate analysis.
This method aims to reduce the dimensions of
the dataset while preserving the information
contained in them.
The numerical values of the image of the
principal component are calculated using the
numerical values in the original photos and the
eigenvector components as Eq. (1):

n

P = ) ayDN() (1)
i=1
Where Pk is the numerical value of the desired
pixel for the k-th principal component, DN (i)
shows the numerical value in the i-th band for
the desired pixel, aik is the value of the load

element obtained from the eigenvector of the k-
th component in the i-th band.
Data integration
data integration aims to combine the data
obtained from the previous sections. In this
process, the previous maps are divided into
cells and assigned values according to the
potential area placed in each cell. The values
are given such that the final value is between 1
and 10. The cell size depends on the number of
cells and the average potential placed in the
cell. The smaller the size of the network, the
higher the number of cells. In this respect, the
number of cells increases exponentially for
network sizes less than 1500 m. Due to the
large amount of information, the number of
cells makes calculations difficult. In addition,
the dimensions of the cells should be such that
the number of single-potential cells is minimal.
In addition, the dimensions of the cells should
be such that the number of single-potential
cells is minimal. After value assignment to
each cell, if each small area of the potential is
a, the total area of the potentials in each cell is
A, and the dimensions of each rectangular cell
are m and n, the value of each cell K is obtained
using Eq. (2):
V aeA=>K=22 x10 )

mxXxn
To implement Eq. (2), first, we obtain
information about the area of the potential from
the ArcMap software.

Discussion and results

Information integration is a method to
optimally combine the results obtained from
several techniques simultaneously to reduce
time and error. Using several sources of
information and data affects experts’ decisions
in the specialized field. Besides, using different
sources of information for a single result
enhances decision-making reliability. Today,
methods of mineral exploration are constantly
progressing, and data size is growing because
of the introduction of new technologies.
Therefore, information integration is needed to
enhance trust in exploratory data. For this
purpose, intelligent information integration can
be realized using information from various
maps, satellite images, and geochemical data.

Satellite data processing

One of the layers used in this article for satellite
data integration is the ASTER sensor. The
satellite data were downloaded from the



"o VPeF linco) g jualy (FA o 5loud 19 0590 (60 39315 (ol fpny (9 93 (gloASL

website of the USA Geological Survey
(USGS). After downloading the images, it is
necessary to pre-process the satellite data. The
data used in this study were ASTER data
collected in 2001, level 1, which were
subjected to geometric corrections in UTM
zone 39 with a WGS- 84 elevation base. The
reason for using the data from 2001 is the lack
of mine exploration data in the area at that time
and the lack of ground surface change in the
layer. The more the satellite images are
upgraded to higher spectral resolution, the
more they are affected by atmospheric effects;
hence, atmospheric correction of images is
mandatory. In this research, spectral effects
were projected using the internal average
relative reflectance (IARR) method.

Principal component analysis (PCA) of RS
data

The PCA technique was applied to map rocks
and minerals containing iron oxide and
hydroxides related to sulfide metal masses
using satellite data. The final images are
obtained from the PCA method in which band
7 has the highest reflection and band 6 has high
absorption, i.e. PC7 meets these conditions.
According to Table 1 and examining the
eigenvalues matrix of the propylitic zone,
based on the conditions for PC selection and
the largest difference between bands 6 and 7,
PC7 is chosen as the appropriate PC. Although
the highest difference is related to PC7, its
signs are opposite. Therefore, we transreverse
the obtained image.

Analysis of geochemical data for the study
area

Geochemical exploration using the waterway
sampling technique is among the common
methods in mineral exploration on a regional
and semi-detailed scale. According to Table 2
the first component can explain about 30% of
the total variability. This value drops to about
12% for the second component. In the third
component, this value declines to about 7%.
This reduction trend continues up to the
seventh factor, which explains 5% of the
variability. Such a variability explanation, in
which 7 components are needed to explain less

than three-quarters of the variability, suggests
that the genesis correlations between the
elements in this region are not significant and
the elements are not strongly and logically
related to each other.

Data integration

the data are assigned corresponding values
using Excel and Access software packages.
Afterward, the values are combined according
to the value given to each geochemical layer
and RS. The operation used in this article is the
SUM of values, which provided acceptable
results.

Conclusion

In remote sensing, the PCA method is detected
as an efficient and optimal method for
identifying regional alterations according to
the conditions of the region.

In the statistical studies of the geochemical
data of Au, Cu, AS, and Ag elements, the
results show a skewness above 8 and a
maximum value equivalent to several tens to
several hundred times the global value of these
elements. Therefore, they have a relative
mineralization potential in this range. Here, Au
shows a significant anomaly.

In the geochemical factor analysis, it was
observed that in the first component, the
highest factor load is for the La, Ce, Li, P, W,
Fe, Nb, and Au, in the order of their
appearance. Considering the high number of
elements, this factor alone can explain about
25% of the total variability. The iron ore
element in this factor is probably related to the
possible mineralization of these elements in the
above unit. Nevertheless, since it is associated
with many rock-forming elements in the first
factor, its potential is reduced, and the
mineralization will probably be weak and
scattered.

The results of integrating the geochemical
information layer and remote sensing in the
study area revealed that all our data in this
article are related to 2002- 2005, when none of
the mines used in this method have been
explored. However, the anomalies overlap
with the existing mines up to 51%.



