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Abstract: In exploratory projects, the identification of geochemical anomalies in different areas may become
complicated under the influence of geological processes. To solve these ambiguities, different methods should be used for
a correct understanding of the available information. In this research, by expressing the concept of hierarchical clustering
to identify elements related to mineralization, singularity, and how to draw singularity maps in the form of multifractal
models and support vector machine method, the anomalous areas where there is a possibility of mineralization are seprated
from the context regions. At first, two elements, gold and copper, were identified as elements related to mineralization in
the created clusters using the hierarchical clustering method and Ward's method. To calculate the singularity index of these
two elements, the method based on the window and the power relation of grade area was used at each point. Finally, by
separating the singularity index values into two parts, training and testing, and with the help of the SVM method, the process
of classification and estimation of singularity index values was done to identify anomalous areas for unknown areas. A
case study has been carried out on the data of the porphyry copper deposit rich in Dali gold with an area of 900800 meters
located in the Urmia-Dokhtar magmatic belt. The data is related to surface soil samples in the target area. The results of
this method are consistent with the previous studies conducted in the region. The results of the hybrid method used in this
research show good agreement with previous studies. As a result, the use of these introduced hybrid methods can be a
suitable guide for the production of geochemical maps in unknown areas.
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INTRODUCTION

One of the important processes in exploration data analysis is the identification of geochemical anomalies
to determine promising areas for mineralization. In these studies, statistical and mathematical methods
(non-structural methods) are used to separate anomalies from each other. These methods include element
concentration frequency histogram analysis and univariate or multivariate statistical analysis [1]. These
methods have limitations such as the condition of following the normal distribution, removing some data as
out of line, not paying attention to the spatial distribution of the data, not paying attention to the geometric
shape of the anomalies, and also the difficulties of working with large data [2]. Therefore, to solve these
limitations, studies are focused on the use of classification methods to identify the relationship between
the elements related to mineralization and the separation of anomalies [3]. One of the major advantages
of fractal models compared to the statistical methods used in the separation of geochemical anomalies is
the consideration of the spatial location of the samples. Classification methods are the most important
part of the exploratory data modeling method. For this purpose, several machine learning methods have
been developed in recent decades, such as artificial neural networks, support vector machines, and random
forests [4]. In this research, using the hierarchical clustering method and placing elements in the created
clusters, the elements related to specific mineralization and other elements were removed from the modeling
process. By examining the singularity index and classifying the results with the support vector machine
method, anomalous areas were identified in the exploratory area of Dali.

METHODS

Based on exploratory studies carried out in the Dali region located in the Urmia-Dokhtar volcanic belt,
gold-rich porphyry copper mineralization has been evaluated. The studied region has an area of 900x800
meters, in which 149 topsoil samples were taken scattered under a 50x50-meter square grid.

Hierarchical Clustering

In the hierarchical clustering method, the connection algorithm is used in such a way that the variables
or samples with more similarity are connected using the aggregate method (connection from the bottom to
the top) or divisional method (connection from the top to the bottom) [5]. One of the important applications
of the hierarchical clustering method as a data-oriented approach is to determine the relationship of
geochemical elements related to mineralization. According to the identification of the element related to
mineralization, further analysis can be done on these known elements [3].

Singularity

Mineralization processes can be modeled as fractal or multi-fractal, depending on the order of enrichment
and dispersion of the concentration of geochemical elements. The singularity index is used to determine the
geochemical complexity related to the mineralization process in a multi-fractal field. This method is useful
in separating geochemical and geophysical anomalies from the background value. In general, the principle
of the singularity model is defined by power relations 1 and 2 [4]:

RA)XA@2) = p(A)=kAw2) 0
C(A)xA@z1) = C(A)=KA@21D) )
Where:

A is the area,

L(A): is the total amount of metal in the area A,

C(A): is the average concentration in the area A,

k: 1s the numerical constant,

a: is the singularity index.

In the condition that the singularity index is positive (0>2), the calculated average concentration
decreases with the decrease of the size of A, which shows the areas with background values. In the negative
singularity index (0<2), the calculated average concentration increases with the decrease of the size of A,
which indicates anomalous areas. As a result, calculating the values of the singularity index and preparing
the singularity map can create suitable spatial patterns for the exploration of unknown areas [6].
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Support Vector Machine

A support vector machine is a binary classifier that separates two classes using a linear boundary and
is related to the family of generalized linear classifications. This algorithm finds a hyperplane that can act
in a way that while being compatible with the training data, can separate the data sets from each other [7].
The application of this method in mineral potential mapping [8] and identification of alterations containing
mineralization has also been proven [9].

FINDINGS AND ARGUMENT

In this research, using Ward’s method, the Euclidean distance similarity matrix has been used for
connection according to relation 3.

dap = | D (Xia = Xin)? &)
i=1

Where:

d,, : is the distance of sample A from B

m : is the number of variables.

According to the tree diagram resulting from the hierarchical clustering for the regional data, the
elements are grouped into clusters. Based on this, the two elements of gold and copper are placed in one
cluster which indicates the relationship of these two elements with each other, which is related to the
mineralization of gold-rich porphyry copper type. According to the results of hierarchical clustering and the
concentration distribution of copper and gold elements in the desired range for calculating o values, several
points are considered. At the center of each point, there are five square areas with dimensions of 60%60 m,
120%120 m, 180x180 m, 240%240 m, and 300300 m which are created in the GIS environment. To model
using the support vector machine method, the singularity index values for the two elements of gold and
coppercalculated in the previous step for the region, have been divided into two parts of training and testing
data. LibSVM function and RBF kernel function have been used to model and to estimate singularity
values in other areas of the region. The Grid search method with a 5-fold validation method has been used
to determine the optimal values of model parameters (c and y). The optimal values of ¢ and y for the two
elements of gold and copper are presented in Table 1. Then, the classifier model was created on the training
data and evaluated by the test data. The results of the model evaluation can be seen in Table 2.

Table 1. Optimal parameters calculated by the Grid

search method Table 2. Model evaluation parameters according to

the test data

Element c v
AU 16 | 73E-04 Accuracy of tohe model RSME
Cu ) 1 03E-04 80.65% 0.44

To predict the singularity index in unknown areas, the desirability of the evaluation results of the models
was considered. The obtained results were drawn in the form of a singularity index map for two elements
of gold and copper. Then, according to the magnetic anomalies identified in the region, as well as existing
geological maps and the average concentration of Cu and Au in the soil, which are 0.1-0.5% and 0.3-2.9
g/t, respectively, the singularity distribution map was prepared using the SVM method, which shows a good
overlap between the anomalous areas resulting from the estimation by the SVM method and the magnetic
anomalies recorded in the area (Figure 1A and 1B).

CONCLUSIONS

In the singularity method, which is expressed in the form of fractal and multifractal models, the spatial
position of each sample is considered by presenting singularity maps. As a result, it can distinguish
anomalous communities from background values and detect pseudo and hidden anomalies more accurately.
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(A) (B)

Figure 1. Singularity distribution map (0>2) estimated by SVM method for Cu and Au elements. A: Overlap of gold
singularity and porphyry quartz diorite rock, andesite and magnetic anomaly range; B: Overlap of copper singularity

and porphyry quartz diorite rock, andesite and magnetic anomaly range

The SVM method, which is considered as one of the machine learning methods, is a useful tool for
identifying geochemical anomalies by classifying and estimating singularity index values. Finally, it can
be stated that the use of these combined methods can be a good guide for producing geochemical maps in
unknown areas. In this research, the grid search method has been used to determine the parameters of the
support vector machine model. It is suggested to investigate the use of meta-heuristic optimization methods
such as particle swarm and cuckoo search in future research.

REFERENCES

(1]

(2]

Bachmann, K., Menzel, P., Tolosana-Delgado, R., Schmidt, C., Hill, M., and Gutzmer, J. (2019). “Multivariate geochemical
classification of chromitite seams in the Bushveld Complex, South Africa”. Applied Geochemistry, 103: 106-117.

Zhao, Z., Qiao, K., Liu, Y., Chen, J., and Li, C. (2022). “Geochemical Data Mining by Integrated Multivariate Component
Data Analysis: The Heilongjiang Duobaoshan Area (China) Case Study”. Minerals, 12(8): 1035.

Yu, X., Xiao, F., Zhou, Y., Wang, Y., and Wang, K. (2019). “dpplication of hierarchical clustering, singularity mapping,
and Kohonen neural network to identify Ag-Au-Pb-Zn polymetallic mineralization associated geochemical anomaly in
Pangxidong district”. Journal of Geochemical, 203: 87-95.

Lin, N., Chen, Y., Liu, H., and Liu, H. (2021). “4 Comparative Study of Machine Learning Models with Hyperparameter
Optimization Algorithm for Mapping Mineral Prospectivity”. Minerals, 11(2): 159.

Han, J., Kamber, M., and Pei, J. (2012). “Data mining : concepts and techniques”. 3rd Edition, Morgan Kaufmann. DOI:
https://doi.org/10.1016/C2009-0-61819-5.

Cheng, Q. (2007). “Mapping singularities with stream sediment geochemical data for prediction of undiscovered mineral
deposits in Gejiu, Yunnan Province, China”. Ore Geology Reviews, 32(1-2): 314-324.

Mountrakis, G., Im, J., and Ogole, C. (2011). “Support vector machines in remote sensing: A review”. ISPRS Journal of
Photogrammetry and Remote Sensing, 66(3): 247-259.

Zuo, R., and Carranza, E. J. M. (2011). “Support vector machine: A tool for mapping mineral prospectivity”. Computers
& Geosciences, 37(12): 1967-1975.

Abbaszadeh, M., Hezarkhani, A., and Soltani Mohammadi, S. (2013). “An SVM-based machine learning method for the
separation of alteration zones in Sungun porphyry copper deposit”. Geochemistry, 73(4): 545-554.



YV-f\ P Ay o)Lo..i'J ‘M 0,99 AREAT Jl..» “53..\” (::Luo (e A s

Mineral

EResources
ngineering

IMAM KHOMEINI

INTERNATIONAL UNIVERSITY
VBT dmiao dEeY Ol € ol (pild 0590 S0 @lo  swigo 4 53
Vol. 8, No. 4, Winter 2023, pp. 31-41 Journal of Mineral Resources Engineering

(JMRE)

(sl po dadiw guisabgs b (wigy b (slionligl bl SUSL ¢ (o lwbls
by 1oy ublo g (ST

2 S92 (ol Kidigh T yhear (g ylail dumo il ) solgd L) Todlj plas azmale NS5 lecds

OLEE (LalS ol8ils yann (srdiges 09,5 (5 2SS (geeiils )
OLaE (LAl olRiils yane (pwdiges 05,5 Lobiul =Y
39,0l gLl ol8ails S5 5dg5) g S (yre (guadige 0aSiils ¢ Losils -F
35,0LE 09,0l o8l S dgs) g S (ydre (gwdige 0aSidls (Lobiul -F

Slerel (letal Sois oKy (ane pwiige caSiails Lotiul -0

VeeV/e0fe) iy LERAVER VA 4 ST
oS>

3

cmlbomoy AT il Cod Canl Sow il Gble ;0 (olerdish) o lual bl (BLasST gojsy 5o
o 50 09 colawl g2 g0 WleMbl I o I )0 (gl alizko g gy 5 Al Ololal cpl o (gl . 0isS o cols gl Sovuzn
By (ST Al w37 09705 9 (ST (5w ST L bl o puolis (3 Llich Cgar (o1 o aldis (giaaliogs poteio (gL b 3
Db o0 S die ) Gblo 310,10 3929 o 53 (3w S Jhoin! a5 Hlwial (> 1g bty HI0 2 crdblo b9 3 JUSTS Hgo slaJoo
b po olie Glgie 4 (o 9 Mb i 90 coul S| (glraligs 5 (34lg b9y 31 ool b g (ol po aludis (Guialigs hgy b Iyl Ho
Cobuo —)lae Slgi alaly 9 02y g (Sdne g 5l Al 2 )0 (paie 95 ol (ST (S LS Ao (gl inh (lwlid G5Le SB L
O g gdaaib wal 8 SVM (g S b g iulojl 9 (jgel sy 99 (KousT (a3 Ll polie S8 b culyd 5o ol oolasiul
laaigai 4 bgspo ool (59, 32 (5990 axlllae .edpdy plnil Joamo Bblis (sl Jlogil Bblie (o luleds cugr (KinS (a5 ol
Pl 550 —dnog)l (leSlo wiy oS 53 &dlg @ yo pio ArexAes Colins a4 (JIS (b 51 (S8 g d 98 oo HLulS 03500 55 S (b
ol 5l eoliiw! azmis §8 .amd o lis 1y (295 clillan LS Ollllao b pidvg iy ol 50 oo oolisiw! oS 5 (g9 3l ol au b .ol ool
05,5 B Ll 3blv )3 (2 luabigl) G- aldi adgi Cqar 5o (ol Glodly Wilgh (oo 00l (B y20 (oS 55 Lo,

PRWLICANT,

50 gl ( IS (6 0859y (o cyliing 10 2 (rble (ST (T po Al (aallgS

Alio o 4y sbcew!

gy b olowbgd sbally S5 g ‘sg.l.wu.«::" AT o o So)le ol ep (g e g lail o) by (olsB p ol el o A
TV-FV o F o,led o 0,98 ¢ Somo golin cwdipe 4 pitd " oyl 510 9 cpuiilo 9 (SaS ¢ ol po Al (goiualigs

DOI: 10.30479/JMRE.2023.18033.1614

[@:G) OBy © ez Email: abbaszadeh@kashanu.ac.ir &L Sls sdgs 5 J st aM};*
(°))g5“‘~‘-"’>. stc‘ ‘_,;U.Q.” O oKislo )M:L:
™ VE¥ Ol b 0 3lodd cicidd 093



e Qo (guiigo 4 i

S Gl <ligh (6 xS Lail wzme ( QU ) (o198 Loy 031 wle domale ST ) Dlgds

5 0995 (wlbidinmey Gl I s o lal lulis
L1y sl sl conel s @) ol 51 (6 ekl 435,00 >
DVEAYT 55 Gudate slitspe; sloaials

Silwdse Ghyy GBS ek saRadlS slah,
(Silwdde by 5 e e JSis |, SlaasT glaosls
50 N oo s cialej] 5 L0l atws g0 a4 laesls
Db oo ale Jow S SlasT glaosls ‘5».‘::).9,61 EUIR)
Joe cislesl atws BlaasT slacols g Jow ol 5l G
Olges 2bi)l @mlE 0o clis g 50 09800 L3
Cudloy Bas e &S (Ablie 0 (b ln Je 2 ]
i gebite cpl sl [NVFAB] 5,5 sslaial ol ouis
sloased aile p 3 glaans o (pile 6 xT0b by,
Solai S g oleitdy Sy oedle (ogias oeac
DYAAY] Wloas ools drwgs

5l ek (unaligs g Sleslaial b Baiow cnl 5
b by jolie oad sbml sloasss ;o polie 6,58 5
@B sibedse wnl 5l pole plo s (anie g3le
9y b s ganaib g (SSS (el (o) b i

axlao (g, -¥
FCFIRINPRREIRRE,

S cwl gleog,d 0 Wosls ol 13 sanddes
O Saled W08y ad (ool sl Sl eg S e sl
ool o calls ¢ SSlas ades o g, slrosls
L babss opl bzl el J8los Solaie sloaigs oyg,0
asl Sl Hsle b ool @ld 5 gudaie wilgs co ooy S
(GAdi g Iyeaal col sas atags ool Jolo jo a8
Goidids a5 el Wosls 31 glacgemme o (g Ll 3L
3 analgs sl by, sl eslaul Lol s asloass
2 b Sjge w4 a5 cul Gnaz e jlisle iS4
Shslo 51 (L8 oMbl digS s aSol gy o4l 3529 Waosls
LYy ] asl acsls sg>g oo, b ba S
JLasl w85l (ol ek anatos g 5
L bdiges b bysie a5 cody opl 4 woad oo ool
Ol Sh L) (oaeas by, 5l osliinl b piiey calid
Jaie o2 a4 (b 4 YL 5l Jlai) cends b g YL &

1E0Y Olino) € 0 lowd it 099

doddo —)

BB o BT 5 gais ) Some sla,LslS 51 (s Lo
Ll sbogilo S5 ololis axcs (o wi)la ounliv
D ogs o Ggumme 3LusST slaculad Slaal 51 155 oyl
bl LazsT slaosls Julos 1wy sloasT 6 5l S
Gimagal blie s Ban b oliesd) slogs Lxial
Sligas, obowdsr; sbaosls ardlhas [¥] cudl g3l SIS
dse> CawdYl s Sy Byre Lo ‘_gld.asl)j
21y Sledbl il o baiges (ol 4z 0 .l 3]
Al ppl s Casd b clSin cursy ogas
3 eheiedy Glag)lbual olull uses S
QS_Q.A ‘).:) ] S )L..w.‘ ‘..\3)‘.) °)l).5) as G'LDML
Gl S 5l b a8 sl sliowiissy s lrial BT o
9 od uL?r-’ OMLMJﬁJ LgL(bA.sy A.L».we L o g;’da"")'.’.)
Sliged e yole 5l 256 OIS slags el L
slossy, 5l olbdlas cpl o Yeems Y] wsl anals
Sz @l (@lslend sbgis) o2k, 5 bl
Jolis o g, ol 0gd oo ool [ SuSy 3l o lials
S5 bl T e clale Jlsld al Seiann 5L
5 elecosgame a5 [F] cudl opseniz boopuine
@ bosls 31 golows Bis (Jlo g w5 5l cond by |3
pas ool Hlad xj95 4 dx g pac o, 3|z, s
LB slag)lebs 5o g o )lial (waia JS4 4 4z g
ol o a0 g gy ool 3L IVED Sl e slaosls
Slr anaib slaghy, 0p)l5 4 Slillhs dacgsgass
SSE 9 Gl L b pole ple b1 olulis
TAD ol oas Gglans o Jlogs]
3 JBS B awain (1S 9 09y b Sl slale o
Omespale 53 Ghay onl 5 Slel leo )5 il ple
oo )5 51 (o [y -l el oas l)) Gane cwdige g
o loniigds Lng‘éJLog.;—‘ Gl die) 4o i oad )l
@ Cand JBS B GlaJos sdee slacoie 511N el
LgLau’JLo}ﬂ LS}L“"-\-'.’ 4o eolawl 5,40 LS)LOT 6&&5)
lolid 1y (53 s 3 Shoe g cnl izmen [1Y]
sl bl shls @bl )3 (pledssy slas sl
e el ools sl oo ol Sl L s ciand

9 Ot Sl o990 oy, 5l S e S Canl SS @

Y



e Qo (guigo 4 5

wee (g0 A (S ADgS> S P9 L oloadgi] SBU LS 9 bl

a5l e cplplo dYAD 093 o ool olisegs
dwle cdale hwgie @>2) sl ot LSS a3l
polie b (2lg aS Wb oo ials A ojlasl als b ous
(O<2) i S asls j0 aeo o0 plid 1) aiw)
Sl A ol el L et acelre clile laugie
@ e el (gl bl saasylis a5 Wb e
Wlgi oo (KT AL a9 (S5 (el polie b
@ el oy BlassT gy sl olad slasSl

Iyaxsl o,50 sg=s

S5uS5 631 yreads Y Y—¥

leniigdy sloais sl oolatwl b ‘;..&: e gl
Libo).?d.; )‘l Ls“\.CMA l>auinss Qﬁ‘ S9) 2 dalaie g_i; 5

Sglice T yolie b asly 35,0 Ky 4 A@) coles
oy o Slp wediee S Wl STSTS ST ST D
Oyge 4 bl hwge Jade 1 als ojlasl b S5 2o e

R Al =)

A1 = CAM)i* o

S5 0 C(A(ri)),(i=1,2,3,...n) clile lwgie polie
olp b b 4 axg bog oud e 5 Log Log jloges
alaii o gl () (SuS5 (asls e B akyl, 5 oad ool

03gaza yuliyw 30 baoyoxty cnl C8 o b0 o drnlone
Iyva.xsl 30 )5 o0 duwlns ddlaio S 00 polie a5 e

LogC(A(ri ))=Logk+(a-2)Log(ri) ™

Ol 13 3 bla Y-

slr b odsl 5 SVM) pleiay Jloy ondle 29,
Sl GLEVAAY L 0 Sols awg S asis
U9y ool 3 o eede ol dnwg b axsds UL Jsb
ol oas ooliiwl ganad; g g )T, (gaAWS o
b sl sl BLesST s g, cnl 3l esliad Ll ¥V
g o cpolee yo (6l ange blis Gl glp J by
LI VO COR PR YT I 4 4 ICH PUE I JCRP [
Gl slagyganl T Slolis o [YEXY] o3 la Lusls
Ivol calsas olsl 55 ol Sl
ot oyl Soymall g glal gy S by, ol
Ml 4565 md a5 0SS o Joe 2,8 (2l bl 2 g

Ty

PN CE Y SYN PR LR A f QRO
yolie BLI| Guasd e 00ls 5,505, Ko lore 4 (515
@bl & argl cwl Gl B L by ye olendsls
Sy 2 bl adsl Glgs oo 3le S L s e yate

IAL sls alowl ooty axsliss polic ol

R

iy g ol s 4 gl ) @il S8 slaakl B
Oype & @bty polie chile Suisly 5 Sab oo
S5 a5l 8 (sl JS 3 e b 5 JUS 3
Sl B e bgye oS oleedsl) Sz 09,5 aie slp
D go oolaiwl conl JUST,8 Sdge die) SO 0 (g3lw SIS
JES A Hge 5 JUS 2 5595 bl p (S5 (a3l Joe
SIYONE] s 2 he 1990 Jlo yo St bwgs s 8
olge rozi by g (gole e jlacil o ST ¢ pwlidscpny oS0y
Jbo lsie a5 098 co iy 5 oligS Sl - Sl sloosl yo
Sles 03k o 53 Vgoms (S5 (Jlo g oen 5lo S 5o
S ge Cael a5 was o 7y ewlidipm 0,90 5l obigS
o) e co SoeS L G Sils o olie gole,.e
eS8 5 elerdsls Gl )lmal Gl ys (s,
PP S Gy KU i LN [ E LI BN CO XYW COUS S K V-
IYVYF] 055 o i ¥ 5 ) Gl Loy aloaog 4

WA)xA®D = p(A)=kA@? )

C(A)XA@*D = C(A)=kA@*D 49!

RULEY

colue T A

A colis o 38 S lads : LWA)
A colis o cbale lhugie : CA)
ove el k

el (S5 s

K AL slo T3 )Y

worls e ol ol et sla S 5| S

o)L.\..l )f‘ 45 Ls..suo u.n.\a ‘w‘ uoL».M L u.o.......‘ L_S);u\.ul.u)...o.u
i 5 515 il g8 s 5l S i A colns
O AW uaM (_gl.éji” 45 ..\..Ssn UM k;)"a w‘

VE0F Oliwn) € o lod (il 0398



e Qo (guiigo 4 i

S Gl <ligh (6 xS Lail wzme ( QU ) (o198 Loy 031 wle domale ST ) Dlgds

3l BlaaST oo gass 4y g yiwd ofj aizis SliaST odgaoe
—olmds oslr &b 5L g (ol ~ ST (Lol esl> 3 )b
bl o LFF] el s ol (sl e 5 Bl
5 il S o JIs ailaie o 4135 & o SlasST lallas
S peS 53 a5 on3 )8 DI (8 S8 e £
ailate (om) JSB) ol o gBly 135 —ares,| SlSUg

Lf0] ols o Aeexaee
Slga, Jolio dihie oolidans gloaxly (n e

AR ‘5‘;.>Lum

Sliassl aes 5 Jlaassl glaasly (sl S8yl
L8] wloass JSes oSl al> o g5 b oS conl (4555
il ol b sl 05,5 40 b ablare laiis] asl
Srdysr Sgil 95 .05 o il 1) 0)l50 S A8 (6 52855
O9° & Spdym Cuypoils ewldSiw oS5 L
S5 (Y JS8) cel 00,5 398 035l olgns S

2 Sekagn 5 65 e Gite 5 Sl Jolds s ]
SN I R TSR R SRS S
onl el (252 5 536 e Glowald g y39) ST
9 Sy sla gl S dbowg 4 (o sla s p 50 0098
S )5S il 5 LoaS, b olyom 5 Cu ey S s =158
oatie oo Olalllae [FV] 095 o atiiie iliws
a1y LU i S s e g3l SIS 48 el ans L
Ol 509 S il (s b ym Syl slaasly b s
Ifol 3,ls K g0

| R ¥

i ecent Alluvium

|

i ‘ [ YoUNg trraces & gravel fan E= Bioclastic limestone
& L] Old trraces & gravel fan

H
& | Lasa] Sandstone.conglomera.tuft é Lower red congolomerate
1

HAREN Andesitic lava SE
é, JE ] Andesite lapilituff & brecceia £ |21 Dolomit,Orbitolin limestone

Diorite-Quantzdiorite dome ——

Marl & sandylimestone i1 |E=3 Dolomite

S Andesitic lava i3 Quartzitic sandstone
Ipper red congolomerate I

mphibol-pyroxen andesite i

Andesitic sills

Fault
R Village

(o g [FAl JIs HLusls cusdgo oo ool s (A ) JSi
[Fa] I Hluils' slansb oawlicisoymn 3 oud 00 lus duiidis

1E0Y Olino) € 0 lowd it 099

Sy Ak AL 352y aosls acgere mjy (SsSx
ok sladiges jleslinnl )3 Vb LUl g cnl (Ll
Olge 4 rizmen [YF] ol 5YL 2B 4 ans; 5 1S
Oy pote 5o sloalid ok (eile oS0l b, S
comail YV oleisy obual asas wwle
Same sla il 5l gl pani ¢ YAl oliacKin
o abaly 236 L SVM 0,5 o 15 solil 5,90 [Y4]
Pl 1) ganailo b 5 (i ol wilises glaosyy
If-1 REXYPN

oaSganail o &ly o ol lon oedle
w2 3l a5 e SO sleslatll LTy (WS g0 aS el 9090
peens b3 slaganaib edlgls 4 aiily 5 oS o lox
RIS ST RT3 v ROV L 3] RUW P
L)l e B asS Jos (5976 4 Wiy a5 Conl axin
Sleols acgorms (silwlas § SIS oUlgs ¢ gondss (slaosls
osls pl a5 5,50 5o [FFFY] sl amils 551, K0S,
labezaiz o bS5l plgiee il adls gob &l
SRBF L5 5lL 5 oslite 6Ll 5 glalazais ol o b
2,5 oolaiwl YV g £ 0 Loy,

K(Xi,Xj )=Xi TXj «5“"” )

K(xi,xj )=(gxi Txit1)d,g>0  slaboxr wir *

K(xi,xj )=exp(-glxi-x; 12),g>0 RBF )

daylg, cpl o aS

oalgily o ple: T

Ll Sl g

Glabozaiz a0 :d

ol gl g ol adlge s oasmoylis tX; 5 X
el oo oolatwl RBF (IS5l i () jo

axfllao 090 adlaio - Y
B Ve gaz o B oldlae Coxdae o I Ll
oy ) Jled oy aBB N0 a0 VF 5 (3,0 Jsb
oy 3 e ) el s By (555 ol 5
o Jlad gk o 3y 03 VXD sy
S8 ols 18 ST b el 3,8 s 7eskS £oclmds
il a lalivg, (0 Se05 oS g esly sy, (SR

2



e Qo (guigo 4 5

wee (g0 A (S ADgS> S P9 L oloadgi] SBU LS 9 bl

L ) _f
axfllo 890 adlico jo (51 g0 aluds (guiualgs —)-F

aaly @ axgi bwyly (hgy 65,5 a b Ghagh cnl )0
o 03litl _oialdl aAlols Canlis o 5l 51 Ll (g1, A

]

m
dpp = Z(Xm - Xip)? W
i=1
Y
B jlA 6se alsle:d,
Lol o yusie olowy :m
oo gl 5l Jol> 0)lgi )3 Jlages 4 axgi b
dliss 10 yole (¥ JS) adhic gloools gl ool
yaie 93 0,5 oo alaxMo a4 joblen loald guisaiws
L3yl oamslas 5 a3 )s 13 aligs S ;5 e oMb
€5 5l Gilw Gl b bLI)l jo a5 8608, b jate 90 0l
ol 5l Jols @l el el S 1 (8 (50850 e
Doy Ao g e paie 93 55, p el aslsl o)

Rescaled Distance Cluster Combine

a 14
30

w
o
5

u 10]
o 18]

28

n

Z om0 = OB <F O
~

12

a
Ia 18]
P 22
28
13
18

&

IR

n

K

M

T

Sc

Ba 5
Fe 11
Vo7
P
Ca

s 25
Co

Wn o 17
u 15
W 20
B 4
cr k]
As

3

aladw (guiuddgs gy 3l Juol> oylgis o Hloged 1V S
‘;b dalo ‘5Lbo.>|.> ©9y » G.J‘).o

Yo

a0
L
g, g
N

P R, P
0 100 200 400
Meters

1:5000

‘s”é adlaio ouul ‘5095) LS"“’L"“’U"'“) Pt g L)

S Cow (SB) (o diges VT Glas 550 adlais (o
9 o ;’;..i}‘.))..» o..\.:S‘).; Sygo b e Bexe =R FLOW
loaiges cdale g pSoslail g 5 IUT (gl oolanwl 5,50 (i,
Lol 0340 ICP-MS

sl @ arg b gpdim OOb o sl o
4\.'4:..»‘9 Q R o).’l.ﬂ Cound culaj.uo Sow K9y UW‘]‘J—‘
Sy (95 )3 a5 axF) g 4 etSe gead
s dibhie (o ams e lis |y pwbliae YU sla Jlegi!
Sl y 0wl 438 )5 plol pndoline clils 5 Sldes b
(o095 ()l g aSl b el aSLl i puboline
JBae .l oads 48,5 a3 10 (63l o b g Gulaie S
Mo 5 s pogeas 4 yolie e (e BLI )| 0,5 Ty )8
hb cwlahis o 0 cwblss Cools e s S o
s Sl ygais Ay ax g L aS el (glaigS 4 clls y aSl
Sl 00 u;)-b.')\) J...‘!ﬁ); VY oloss u}.u.u‘).Ji (_gl.mé\JLﬁﬁ
S oo yia) ot (il G W8 lagysy po den Jelsd
YO a4 Jolgd 5 ST yme aSed (ol oogh 4 (ol S35 L
Slowseas plol jlas o o adhais o ool adly, jialS s
Jrows il ) cwblise gloosls yends )0 Joped g1y oY
S99 ad 4y Jaws 1wl ploul bl ool oolaiwl Cdad o
bl a8 0l 0ol YU s ceablioe Jbegl b sleesss
L1015 )ls S slatiges ;oMb g o Sais b b 295
ol @l liel ly bl glo Jlegil anis
D o oolaiwl uaghs

VE0F Oliwn) € o lod (il 0398



e Qo (guiigo 4 i

S Gl <ligh (6 xS Lail wzme ( QU ) (o198 Loy 031 wle domale ST ) Dlgds

0 8 )0 (ST polie e 5 il sl 0B
J3dle s ;o LIBSVM(C-SVC) sondils g, ;5 ddlate
poolie cpos gl ol oolatwl RBF LS7 &b L weka
Sbss b Gridsearch s, 5 (7 5©) Joe slo el asee
99 LS‘)"Y 9C Ay )JQLQ.A A eolarw! 5-fold W)LH.C‘
J..\.n B sC/-w‘ PR du‘)‘ \ Jab\} B U 9 )Uo yais
sy 42 g ol 550l slaosls (59) » oaisS ganail
3 Jowe 2Ll sl Jeols mls ol o)l UinleyT slaosls

g o0 cdalin ¥ Jau

Gridsearch (5igy b ool duawlo diugy b yolyls 1) Jau

yais c ¥
Au 16 1.73E-04
Cu 2 1.03E-04

Shalosl gbesls 4 azgi b Jus (23l b ykelyly Y Jour

A 207 Ailoauds (agdiuds w4y a5 (60150
RN YA ailoas (gamadds ol 4y a5 (50,50
-0V Ll Ll

Xy e ol 5L

g Uas Slas o (5Kl H3

fy et o oo glas

APAYI o e sl i

slr ol 5l dedue byl @l pog wslas 4 4z b

a aslial Jpgma shlia 3 (S5 oals iy
Mo i o5 gl SiST Ll aids LB o alols gl
QLB 4 azgi b o ey o5 AHO S o e g
S 0 Au s Cu clale Lvwgio Jlade dilhie pwlid yuo
S olaati s .ol 0.3-2.9 g/t 5 0.1-0.5% o 5
O<Y) S5 polio cymr onilio Sliigeod o 5 il 5
s Au bl slaosgaze s SVM g, & pesss 1 ol
Sleds (g 50 uizmen il oud sslive (S ;0 Cu
2o, leal SVM g, 4 (oSS (e polis aitlare
(Pl cpl alds Sldlas jo a5 el ool plis |
sogaze o (s lal Sily blie ol Yletsl .lonis
P33 Olger 1) (Al onl e po asies [l 050
oo e sblite (gla Jlogi] 4 dz g5 L 0,5 aalllas

1E0Y Olino) € 0 lowd it 099

axdllao 8 )90 adlaio )3 (SOuST (5,10 paiads -V-F

5 Sl ahide gonaldss )l Jol> @l 4 axg b
Sl S 090 o3gazme oMb g e polie il gy
a9 ooad as, s i o alhdl cpais O polie dwlxe
i A bl b S8 gmpe o3g0me gy bl jo 55 e
po YEoxYTe s VA A e VY ex Ve (o Poxfe
el 00l Sbu| GIS Lse jo o VeoxVe g

Mo 5 e yolie clile (5 She Jlaie @oye 2 sl
< gAY Gla S o Log- Log jloged S5 50 5 dmlxe
ool Gl polie loged o ol 4 az gl b ol g i
ool o dlono Llis

180 -
160 4 o
1.40 g
wd et

...... é

q100{ L.t

= (el (I - o y = 0.1789x + 0.6304

%oso- et 2= 0.9748
060 1
0.40
0.20 4
0.00

178 2.08 226 238 248
o 2y adis o3l

250 + .

(&)
245 4 cee?
s o a

S | ———
.

9254 et S

% T L y = 0.0409x + 2.2361
e e R*=0.979
225
220 4
215

178 208 226 238 248
oy @l o3l
(@)
(A polie (gl alais S 50 0 yoiy o)lail —cdale Hlog0s:F o
Cu (o gAu

andllao 8590 adlaino yo ylasily 10 9 iibo & )5 -Y-F
2 e 9 M yate g gl (SSS el polas
Sleosls jidu g0 4 i diwbre dilaie 4lp S d> e
038 VOA ggamme I ol ool puads iulosl g B390]
oald lgie a4y Bolal Djgo a4 ool ws o Ve (LSS
as S L o higel oold leie a4 dwye Ar g Liolesl

™



e Qo (guigo 4 5

wee (g0 A (S ADgS> S P9 L oloadgi] SBU LS 9 bl

438600 438800

3794200
3794200

Tty

3794000
3794000

3793800

3793800

3793600
3793600

438600 439200

Legend D — 200 oo
s Au_o(Anomal)

Au (0.3_2.9 g/t) in Soil
>>>>> Elevation Contour (d-")

438600 438800 439000 439200

3794200
4
g
T
3794200

T dog,

3794000
T
3794000

-~ 224

3793800
5y
~~.222
T
3793800

3793600
v
3793600

438600 438800 439000

Legend ba——
Cu_a(Anomal)
Cu (0.1_0.5%) in Soil

----- Elevation Contour (%’)

gy b ool 00) (redd (0SY) oSS xojg8 Al iF Sl

9 M (KouSS Sligmed (Wl Au g Cu paic gly SVM

00gux0 g (yud (ST (L guod (& 0(0.3-2.9g/t) Mb 05 guxo
(0.1-0.5%) o

g oo odalin (§5ud )0 Cuym0 5l 5 ol slaKn
O ygo ddlaie o a5 (L8 Slalllas b b, cpl 51 Jol> s
b @LM.;};) sldle ool aie OYle 5 peden

A4

438600 438300 439000 439200

s =
& k]
21 S
e 2
z H
21 B
H H
Z z
1 s
= =
s 2
g L2
4 2
3 S

438600 438800 439000 439200
— I Met

LEgEI’Id 0 30 100 200 300

Au 1:5,000

[ Buckground

[:] Anomaly (bﬁ-”)

438600 438300 439000 439200

"&..I"ﬂn
3793200

7930
3794M00

3793800
3793800

3793600
3793600

438600 138300 439000 439200
= — Mt
Legen T 200 300
Cu 1:5,000

[ Buckground
7] Anomaly (‘7’)

P9y oobwl poud 00 (s (ST & g8 Al b S
Cu (¢ g Au(A! pole sl SVM

O<Y) pyolie o 5 Al - SS glaacss o adlaie o
sl gl § SVM o) a4 cpess 51 Jol> Jlegi!
el ool ooly ol 25> ligad ¢ cmabline
5 (V) (SiSs (osd polie o (omlie Sligeen

VE0F Oliwn) € o lod (il 0398



e Qo (guiigo 4 i

S Gl <ligh (6 xS Lail wzme ( QU ) (o198 Loy 031 wle domale ST ) Dlgds

loasly g polie ol b e publize glo Jlogil ¢ e
C_'LJ ol o0l ‘;).v.a )L.....»IS U"‘ lJ -Lb-']@ ‘5“-’L'-“-’Q""‘°)
00,5 wlil Gioghy (nl )0 a5 S5 gy el 5l Jel

a3 oo olis 1) pe5 cillae (LS Slalllas b cul

G S Az -0

LS slp pe sob 4 (o5l abids (gunadS o,
390 adhaie 1o (g3lw SIS oams JSis polie culin bLS )
Olgi oo b po yolic Ll b aseas (0.0l 0 )1 dsllas
Lyt polis ooy il g ol plonl ool sl 1) laJolos
S5 slo s B 13 o5 (Sa5 g, 9 0,5 o
(eSS gleana wl)l bl oals o JUS 3 dge
A 50 dgdee BT a3 dged o olad Cosdge
polae 3l el asles S Sl (g i <ds L
Sl 1y slen g QI slas, bl askis g diw;
SLessT Sledbl L= o ailgs o by, (pl &5 ol
Sy famme die) )3 Guizmed g (e d S (S 595
Olllas 5 SBLLEST jo 098 oo Slpiinn all ails 0,18
9y Crl Vb Cobas Jodo @ 15 w058 ool (gla>l
oS oz ol I e Slallas jo cpals> SIS 50
39 S92 g90 zelsz 0,08 1,8 s eogaome (o ladd 5 il
Dg oo Sl las ISl j0 a5 08 0 SIS ) Ao
Sleiiy oy oetle laghs, 5l (o &8 SVM (o,
S5 s polie (pedd g goadl b oledd
slaig, ol 5l eolaul 0,5 Lo lsi oo coled jo .l
slears o dg Cyo 0 awlin Glesal) Wlgh oo oS 5
20,5 asliol gble o olendsss

O Sl ) D Gexiaa ) 5l g ool 0o
el oals oolarwl laciiy o p eile Jow sbe el )l
sloig, 5l eolawl ST Glidss o0 s4b o olpiin
2 ggmins g Ol)d ‘nl_'>o)'| aile g 08 (o slwaige
D55 B e 0,50 3
&zl -7
PP el A Fe) e g o csolede cp sblad D]

ik 4ol )0 G o il GBSl

SE S SOl diedigh gy 3 eoliiwl b yloyS ol
XYA-2Y o o) o)lads &Y 050 ¢ Gome il cwdigee 45,45

1E0Y Olino) € 0 lowd it 099

438600 438800 439000 439200

s e
2 3
S r£
g X g
b 7 5
s/
S
& e
H 2
g g
H &3
z 2
& g
s s
H H
= 83
Z g
B E
= i =3
g H
2 g
24 83
: -
\ el b r . ]
438600 438800 439000 439200 8
. ] Meter [

Legend 0 50 100 200 300

:5,
] Andesite — Au_u(Anomal) 1:5,000

Quartz Diorite Porphyry === Elevation Contour
Tonalit ()

A Magnetite

438600 1438800 439000 439200
g 7 — - - - s
£ ; g
B e
m -

.

S
= D i
H 2
] (5 &
Z o
7 g
4 §l: .
z A
Z ‘ 1=
£ CorE
5 g
=3 I -
z e
2 2
& g
? -

f
438600 438800 439000 439200
_— 1Meters 9 |V

Legend U s - 000100 300 ‘r
] Andesite Cu_a(Anomal) - 1A
[~ Quarts Dioritc Porphyey =~ Flevation Contour
[ 1 tonalit (U)
¥/ Magnetite g

ooy b ok 035 oandd (SY) KusS qujf S Y SR

S 9 Mb S5 Slirguod (Wl AU g Cu paic gl SVM

comabliao Jlogil o3gusme g a3l o5 pud)ey a9 ,lsS

(Sbyg Cuygd,leS K g e (Ku Slbgrer (o
b lso ‘slloy.i 00940 g w).\JT

YA



e Qo (guigo 4 5

wee (g0 A (S ADgS> S P9 L oloadgi] SBU LS 9 bl

anomalies in the Esfordi phosphate mine, Central Iran”.
Geochemistry: Exploration, Environment, Analysis,
21(2): geochem2020-035.

[12] Jozani Kohan, G. (2006). “Fractal’s cutie-environment
Method for Separation geochemical anomalies from the
background”. In: 10th Society for Geological of Iran
Congress, Tehran: University of Tarbiat Modares.

‘;:9) Oﬁ)U" AYAY (X ‘d‘)l.iml P t‘_g»‘ “p ‘“""U)ﬁf'" [\\‘]
L lxal (g jlwlus g i S Sl — Hle JUS 48
addllo) glan] pl Clhgw ) (o beowigh] Loaddi jo dow
e RIS regd [ ((9aly duw Vilesss Ay 169590
.Ql).ej' (o

[14] Ghannadpour, S. S., and Hezarkhani, A. (2022). “4
new method for determining geochemical anomalies:
U-N and U-A fractal models”. International Journal of
Mining and Geo-Engineering, 56(2): 181-190.

ATAF ] goeme o gl (sl e oo lblb oz (Ll 5 (Vo]

Slal o ol 510 uilo 9 jaled LT by 0,18

@i " Sl b (gl yLuils ehob i Jow o
SO-OY o FVF o )lad )+ 6,50 «fyme swskides

[16] Nathwani, C. L., Wilkinson, J. J., Fry, G., Armstrong,
R. N., Smith, D. J., and Ihlenfeld, C. (2022). “Machine
learning for geochemical exploration: classifying
metallogenic fertility in arc magmas and insights into
porphyry copper deposit formation”. Mineralium
Deposita, 57: 1143-1166.

[17] Zaremotlagh, S., and Hezarkhani, A. (2017). “The use
of decision tree induction and artificial neural networks
for recognizing the geochemical distribution patterns of
LREE in the Choghart deposit, Central Iran”. Journal of
African Earth Sciences, 128: 37-46.

[18] Lin, N., Chen, Y., Liu, H., and Liu, H. (2021). “4
Comparative Study of Machine Learning Models with
Hyperparameter Optimization Algorithm for Mapping
Mineral Prospectivity”. Minerals, 11(2): 159.

— b ey (g9l 010" YA g elniyadllyd gz olnes [V4]
oEzils axly alKails sloz ol Ll iyl g pudlin

O oS sl sirio

[20] Yang, J., Grunsky, E., and Cheng, Q. (2019). “4
novel hierarchical clustering analysis method based
on Kullback-Leibler divergence and application on
dalaimiao geochemical exploration data”. Computers
and Geosciences, 123: 10-19.

[21] Zaki, M. J., and Meira Jr, W. (2014). “Data Mining
and Analysis: Fundamental Concepts and Algorithms”.
Cambridge: Cambridge University Press. DOI: https://
doi.org/10.1017/CB09780511810114.

[22] Hame, T., Sirro, L., Kilpi, J., Seitsonen, L., Andersson,

4

[2] Afzal, P., Farhadi, S., Boveiri Konari, M., Shamseddin
Meigooni, M., and Daneshvar Saein, L. (2022).
“Geochemical Anomaly Detection in the Irankuh
District Using Hybrid Machine Learning Technique and
Fractal Modeling”. Geopersia, 12(1): 191-199.

[3] Ghavami riabi, R. (2007). “Geochemical Exploration of
base metal massive sulphide deposits in the eastern part
of Namaqua Province and environmental South Africa”.
Ph.D Thesis, Pretoria University.

[4] Cloutier, V., Lefebvre, R., Therrien, R., and Savard,
M. M. (2008). “Multivariate statistical analysis of
geochemical data as indicative of the hydrogeochemical
evolution of groundwater in a sedimentary rock aquifer
system”. Journal of Hydrology, 353(3): 294-313.

[5] Bachmann, K., Menzel, P., Tolosana-Delgado,
R., Schmidt, C., Hill, M., and Gutzmer, J. (2019).
“Multivariate geochemical classification of chromitite
seams in the Bushveld Complex, South Africa”. Applied
Geochemistry, 103: 106-117.

[6] Rusk, B. G., Reed, M. H., and Dilles, J. H. (2008).
“Fluid Inclusion Evidence for Magmatic-Hydrothermal
Fluid Evolution in the Porphyry Copper-Molybdenum
Deposit at Butte, Montana”. Economic Geology, 103:
307-334.

[71 Zhao, Z., Qiao, K., Liu, Y., Chen, J., and Li, C. (2022).
“Geochemical Data Mining by Integrated Multivariate
Component  Data  Analysis:  The  Heilongjiang
Duobaoshan Area (China) Case Study”. Minerals,
12(8):1035.

[8] Yu,X.,Xiao,F., Zhou, Y., Wang, Y., and Wang, K. (2019).
“Application of hierarchical clustering, singularity
mapping, and Kohonen neural network to identify
Ag-Au-Pb-Zn polymetallic mineralization associated
geochemical anomaly in Pangxidong district”. Journal
of Geochemical Exploration, 203: 87-95.

[9] Afzal, P., Fadakar Alghalandis, Y., Moarefvand, P.,
Rashidnejad Omran, N., and Asadi Haroni, H. (2012).
“Application of power-spectrum-volume fractal method
for detecting hypogene, supergene enrichment, leached
and barren zomes in Kahang Cu porphyry deposit,
Central Iran”. Journal of Geochemical Exploration,
112: 131-138.

[10] Xiang, Z., Gu, X., Wang, E., Wang, X., Zhang, Y., and
Wang, Y. (2019). “Delineation of deep prospecting
targets by combining factor and fractal analysis in the
Kekeshala skarn Cu deposit, NW China”. Journal of
Geochemical Exploration, 198: 71-81.

[11] Shamseddin Meigooni, M., Lotfi, M., Afzal, P,
Nezafati, N., and Kargar Razi, M. (2021). “Application
of multivariate geostatistical simulation and fractal
analysis for detection of rare-earth element geochemical

VE0F Oliwn) € o lod (il 0398



e Qo (guiigo 4 i

SIIB Gl Tlhgd (8 x> Silasl e ( by ‘50155 Lo 0l whe doudo Sy Olgd

[33] Zuo, R., and Carranza, E. J. M. (2011). “Support vector
machine: A tool for mapping mineral prospectivity”.
Computers & Geosciences, 37(12): 1967-1975.

[34] Abedi, M., Norouzi, G. H., and Bahroudi, A. (2012).

“Support vector machine for multi-classification of

mineral prospectivity areas”’. Computers & Geosciences.
46: 272-283.

[35] Abbaszadeh, M., Hezarkhani, A., and Soltani
Mohammadi, S. (2013). “An SVM-based machine
learning method for the separation of alteration zones
in Sungun porphyry copper deposit”. Chemie der Erde —
Geochemistry, 73(4): 545-554.

[36] Mantero, P., Moser, G., and Serpico, S. B. (2005).
“Partially  supervised  classification of remote
sensing images using SVM-based probability density
estimation”. IEEE Trans. on Geoscience and Remote
Sensing, 43(3): 559-570.

[37] Ge, W., Cheng, Q., Tang, Y., Jing, L., and Gao, C. (2018).
“Lithological Classification Using Sentinel-2A Data in
the Shibanjing Ophiolite Complex in Inner Mongolia,
China”. Remote Sensing, 10(4): 638.

[38] Chen, Y., and Wu, W. (2017). “Mapping mineral
prospectivity using an extreme learning machine
regression”. Ore Geology Reviews, 80: 200-213.

[39] Shabankareh, M., and Hezarkhani, A. (2017).
“Application of support vector machines for copper
potential mapping in Kerman region, Iran”. Journal of
African Earth Sciences, 128: 116-126.

[40] Wang, Z., Zuo, R., and Dong, Y. (2020). “Mapping
Himalayan leucogranites using a hybrid method
of metric learning and support vector machine”.
Computers and Geosciences, 138: 104455.

[41] Srivastava, D., and Bhambhu, L. (2010). “Data
classification using support vector machine”. Journal of
Theoretical and Applied Information Technology, 12(1):
1-7.

B9y dmalic” YA L (Sl e (sdeme ieale [FY]

Sly Juol JiSlas g glasly oy orile gui 4l

e aalilad "asS cod il e )55 sty S
FA-FY o Y o,les O F 0,05 el ) owlid

[43] Mountrakis, G., Im, J., and Ogole, C. (2011). “Support
vector machines in remote sensing: A review”. ISPRS
journal of photogrammetry and remote sensing, 63(3):
247-259.

& Ao o Slalllae” YA e o Slaske o w0 oSl ol [FF]

S35 0 bl 5o (IS (b rg Mo - e HlilS 92

o)leds F )95 oyl axly wilie 5 (o) (g5 (sole dolilab
A8 oY

1E0Y Olino) € 0 lowd it 099

K., and Melkas, T. (2020). “4 Hierarchical Clustering
Method for Land Cover Change Detection and
Identification”. Remote Sensing, 12(11): 1751.

[23] Han, J., Kamber, M., and Pei, J. (2012). “Data Mining:
Concepts and Techniques”. 3rd Edition, Morgan
Kaufmann. DOI:  https://doi.org/10.1016/C2009-0-
61819-5.

[24] Liu, Y., Zhou, K., and Cheng, Q. (2017). “A new method
for geochemical anomaly separation based on the
distribution patterns of singularity indices”. Computers
& Geosciences, 105: 139-147.

[25] Zhang, Y., Liu, S., Zhang, L., and Zhou, Y., Liang, J.,
Lu, J., Hu, X., Liu, L., Chen, L., Zhang, J., Xu, C., and
Dong, X. (2022). “Application of Singularity Theory to
the Distribution of Heavy Metals in Surface Sediments
of the Zhongsha Islands”. Journal of Marine Science
and Engineering, 10(11): 1697.

[26] Cheng, Q. (2007). “Mapping singularities with
stream sediment geochemical data for prediction
of undiscovered mineral deposits in Gejiu, Yunnan
Province, China”. Ore Geology Reviews, 32(1-2): 314-
324.

[27] Li, C., Liu, B., Guo, K., and Binbin, L. (2021).
“Regional Geochemical Anomaly Identification Based
on Multiple-Point Geostatistical Simulation and Local
Singularity Analysis- A Case Study in Mila Mountain
Region, Southern Tibet”. Minerals, 11(10): 1037.

[28] Mandelbrot, B. (1974). “Intermittent turbulence in
self-similar cascades: divergence of high moments and
dimension of the carrier”. Journal of Fluid Mechanics,
62:331-358.

KYP{C AN} SRUNF S (W FCIRN RPN RN ERPpSe Feg | L

&2 AHP 5 LE- (551 «(SD) (g ,¥ 6w (a5 Lt s g

S aibin (Olwis )9 50 535 9 w2l ewily

AR o)Lo..fa A¥ 0399 ¢yo) 'a5l: soJ.C dolilad "ul{,bo‘ —)-13{0
Ya-4f o

[30] Yu, H., and Kim, S. (2012). “SVM Tutorial —
Classification, Regression and Ranking . In: Rozenberg,
G., Bick, T., Kok, J. N. (Eds.), Handbook of Natural
Computing. Springer, Berlin, Heidelberg.

[31] Xiong,Y.,and Zuo, R. (2020). “Recognizing multivariate
geochemical anomalies for mineral exploration by
combining deep learning and one-class support vector
machinel ”. Computers & Geosciences, 140: 104484,

[32] Jiakang, L., Castagna, J., Dong-an, L., and Bian,
X. (2004). “Reservoir prediction via SVM pattern
recognition”. SEG Technical Program Expanded
Abstracts, 425-428.



e Qo (guigo 4 5

wee (g0 A (S ADgS> S P9 L oloadgi] SBU LS 9 bl

[49] Emami, M. (1991). “Explanatory text of the Qom,
Geological Quadrangle Map, scale 1:250,000".
Geological Survey of Iran.

L YAV 1 oo LLLD o g lo ol o ol lo[0+]

‘5).5.5)5% Mo - o W..\.ﬂ odguzxo 4O Gsl.w.a.ﬂ sWwools

UGy b sl gz (o38 Gluw 3 eoliiwl b (IS
OIS Ol R! e (switer (WA (e

!'singularity Index

£

[45] Asadi Haroni, H. (2008). “First Stage Drilling Report
on Dalli Porphyry Cu-Au Prospect, Central Province of
Iran”. Technical Report.

[46] Shahabpour, J. (2007). “Island-arc affinity of the Central
Iranian Volcani”. Journal of Asian Earth Sciences, 30(5-
6): 652-665.

[47] Saremi, F. (2014). “Hydrothermal alteration mapping
using combination of the ASTER data and spectroscopic
minerals in the Dalli porphyry Cu-Au deposit, Delijan,
Markazi province”. M.Sc. Thesis, Shahid Chamran
University, Ahvaz.

[48] Stocklin, J., and Setudinia, A. (1972). “Location map of

the Dalli deposit, scale 1:100,000”. Geological Survey
of Iran.

VE0F Oliwn) € o lod (il 0398



