& B
’%‘/:&I)
SO 38955 9 Sl (e cwdigee 10U

& F50 dlw,

E 550 Al g

9 2 boaighy gosls il )8 soje> 3l soliswl b SLissT wus by asls (s
o 039> i b o)1 ol dulio

Lol y o Lol
by 0198 Lo juumw yi5o

P9, B0 pldllgl 5

WWAY 99 e






-y
’%Ca&l’
g_i.:).djﬁ) 9 SR st gs"’"d“‘e = TRLH K

Qd..a.,o dLm.»S‘ g5-’-*~€<-’~’ :03;

s ySs allu; lsie

9 2 boabgiy sWosls wils )8 (go39> 3l eoliswl b SLisST o b s s (s
ol 039> i b o) ol du lio

Losal, ol
2Ly (0198 Lo yuumw w50

9y B0l pldllgl 50

)9L~M Ql.a.w‘

S59)b sl Sy 35

GFSS Az 0 3ol Lz 5,8 Al

VWAF s 0 L] Lo g ol



3,0l olKisls
S35 9 S e (guige T OUSAID
Oydme BLaST _wdige t0g,S
P (> SBT (5550 b

5 2ladissy rools Luils )8 (goje> 5l oolatwl b SlacST was glojasls s 1ylgne Cxd

O 035> @l b o] @b awsli

Lgrfddjbu)/w)‘wu)l.fd)mb\}‘u.@‘}ﬁ)smmM‘sza.: ............................ é.i)t;)d

RUIEJC S 0 U U ax 0o by 3 b))l

S Gl Sibgr S b 198 Lo, w15

9, 5L peldllgl S




Al

WS o5 2558 8 0 oS i y3 0 s b &

1A o AT



Sl adS g Wog ol ol dien a5 ol o5 s0lgls Dles; 5l wils o o3 5leT jo

e 1) ;55 JloS wlosgy piliaitin 9 Ggie o)lg0n frazs oljgs jo a5

1y )55l g 555 LS s 90 plad o oy aill Slam; 5l Cppizean

.ra)‘o



dob wgxi

09,0l oliils S0 5u8055 5 i ¢(yire 0uSiild are BLAIST wadige Al (655D 0,50 (gemddls ol s il
"j s anslas 5 olerdssy sloools LuilS )8 (so39> 5l eolatuwl b JSlissT s sl asls " sy oot g8
55 o St Slogy S S 5 g3 L, 555 lasaly o " s sl oy 42553 ol oj5m b b
el 15595 5 Lol g oo 5l g sl 00y plosl Cili] bawgs Al ol o Sladss @
ol 00l sl oolaiwl 850 gz o 4y K0 i Sl gmli jlesluul o @
oaind Al > d ;o (gilotel b S jom £95 e <8l 0 6l (6,0 03 L 095 b o5 e Al o pyaie CJlae @
s
» L g «og,ali oS uils » sl bz 5uie Ylis g 0l oo 09,00 o8 zils 4y Glate Sl cpl (goine Boi alS @
Sy aolgs Ol 4 «Shahrood University
Aol bl 5l 7 i OV jo Wl ooy )bf)..;b Al ol s ael cws a4y j0 a5 ool 8l pled (soine 3gi> @
23,5 (oo ule,
Jomol s Laslss el sus ooliiosl (Ll slgzbl b ) 05 5790 51 a5 (65050 5 e Al ol plowl e adS 5 @
ol 0als Sole, NS
ol ol o0 03lial b azdly s yiss S8l s SAedl o555 4y 45 (65 Mg 4o elles, ol bl Uolpo 4l jo @

Sl 00U ch-) @Lm." d‘)l.'>l Jya‘ 9 .]a;‘ya ‘ 6)“351)

&6

gabiils (Lol

9 o 158l oy gl il glo anli py (LS g yorie YLAS) ol SVsame g 5l opl Goine g adS
Sladss jo saiie o584 Wb cdlas pl ol oo 09,0l oKy 4y laie (el o aisle Dl

g )55 by e ool

il ool jlre @0 )53 o 4l LL 0 S92 e il g Sledlsl 5l oslasul

Casl ails 0gzg el Ll cad LiST gle aseus slawl o Wb b amas ol e %




IdS>

Sy 53 Slnaim & Sorge i 0,58 o 31 ooliial U w5l e (plowncis slaosls
loosls o 45 ams e bt Al ol o 45,5 sl lidos aiiS Iy JU! elido -
285 Sl @al s ], (BlassT Sledlbl Wl oo ol = e g S 2 slooje 5o et
Odge = e Sl S Bl (rhan (olierdes) slaosls aiins pbicwws BB (B 0j9>
ol 55 8950 addllae lsie 4 ogemme wid (lgeriil 5 (1o (650800 O — (s i yil (5580
s g, 3l oolatwl b yuilS )3 059> 10 ceniigdy sloools Lol a8 5 )18 solaiul 0,90 s,
el e L 1) Gle B L s e polie by (ol laid 5018 Lo 550 Lol (slaadlse
5 Gl adlaie o) (S5 8 059> 0 ceniisd laools by, ol el 00,5 Slulil IS 059>
Sl 03,87 oz (293 4 yolie pla i) Gauddge 9 Wb e (S5l S polie g ools I3 adlse 9o
GRS by, o plgre 4 (FT-PCA) 4558 Joos 5 Lol sleadlse Lol oS 5 (b9, cnlple
Lol ;o 6, 5YL SUlgy 4y 99 ),JL,T Sl oy &3l candigl slrosls Jdouw o Shg slad aw
slrosls gudod b j0 o)l K6 059> A Cad couiss slrosls Ll g (g3l S Lolie
2B alize Gloel b bas o obiordisl) odammn lagsl o8 g S 2 059> )0 (aleondsd
Sl Sl (alulid g (Game 53 Joo (i Holate 4 &lad 5 )13 Ldod 090 (Sone
Slaals ol ous &l yolic (wilS 3 @595 Gl p (milS B ol oy, cBas 5o Ll g, g
)08 e Sl maw jo polie iS5 w9 (69, p Bl Glesl o Some plBS olerded)
ol Cuz S B0js> 50 Wil ju8 (g polis (il )8 Gl o ) a5 e oo (LS G
2 ol 9 Vb ol 3 o L3I ookl 926 4y (g, cnl el e 9 Ol (Sone 253
el )l Rl S ol B el o g, oS (o0 DL B3 Gas b (i (oloer gy mae 4l

32 Gl S Glasis) e 5 Gl sl Jlogl lolis cuz XU janseias b, g ools Ga3ly



5 Sl SISl o pled oad (Byme gy el (ST Glas i 5l esliinl g Gee
3ol il ol oo e (thaw condissy srosls sl oslawl L) easSTy 9 QIS (g5lw SIS
S ams oo GLad 1) Q3 (95 G S92 g gece aid ddlate slwosls (69) p (ol B alpS b,
loosls uliie - e 055> wa3 oo HLis Bains ol .Cenl 0o Al 5 ba g i Lawgs zulis ol
sadlse 59y ol sloadlie Jodo (g abl oo (sate SLEST Sleb] (6l 55 (oloanisss
bl g w22l Sy g oad plonl e WS Soge o 5l e g0 )0 o) Sl
099y 3l oLl b poge s el 28,5 5 o 0,50 Ll @l 5 0uds (Byme Srge il o
SleMb] .l ool Cawdds olarisgs slaoslsy ulie - Ko 059> (59, » ol sloadlge |l
I, Soge bas 5 41,58 bos bt laled 5 lazily asle SlaxST slas,la> 51 sanlcassa

5 R 05> 3 Smeluibye yob & il oo e tisty slaosls wad e (LaS G (nl gl

555 1R Jelod 9,90 uliiie - (S 0392

: goulS Slols

Slaools il )8 059> (g 90 498 o (g 90 A S0 oS ‘GLol sleadlse oo

Sles 3l S mbide - S 0595 o gonlioS]



dWle) 5 Z s WYl

Application of Fourier and wavelet approaches for identification of
geochemical anomalies, Journal of African Earth Science, 106, 2015, 118—
128

Comparison of mineralization pattern of geochemical data in spatial and
position - scale domain wusing new DWT- PCA approach
Journal of the Geological Society of India, accepted, 2015.

Identification of mineralization features and deep geochemical anomalies
using a new FT-PCA approach, Journal of Geopersia 4 (2), 2014, 101-110

Prediction of mineral deposit model and identification of mineralization
trend in the depth using frequency domain of surface geochemical data in
Dalli Cu-Au porphyry deposit, Journal of Mining & Environment,
accepted, 2015.
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Abstract

The geochemical data can be transferred to other domains such as frequency and position
— scale domains using Fourier transform (FT) and wavelet transform (WT). The
investigations made in this thesis show that the analysis of geochemical data in frequency
and position-scale domains can provide new exploratory information that may not be
revealed in the spatial domain (SD). The surface geochemical data in Zafarghand Cu—Mo
porphyry, Dalli Cu-Au porphyry and Shand Mahmood Sb mineralization areas, as case
studies, have been used in this thesis. The geochemical data in frequency domain (FD)
have been analyzed using principal component analysis (PCA). This analysis has
identified the mineralizing elements much better than the results of SD. This method has
classified the FD of geochemical data in two components and has separated the
mineralization elements of Au, Cu and Mo from other elements properly. Therefore the
combined approach of FT — PCA has been presented as a new dimension reduction
method in analysis of geochemical data. The Fourier analysis has higher ability for
identification of mineralization elements and analysis of geochemical data than SD.

In this research, the FD of surface geochemical data has been analyzed to decompose the
complex geochemical patterns related to different depths of mineral deposit. In order to
prediction of mineral deposit model and identification of variations of mineralization and
their trend in the depth, the frequency coefficients method (FCM) has been presented
based on frequency distribution of elements. The geochemical halos of mineral deposits
at different depths impress on frequency distribution of elements in the surface. This
investigation demonstrates that FCM is a powerful technique for identification of deep
and blind mineral deposits in FD of geochemical data. This new approach has desirably

demonstrated the relationship between high and low frequencies



in surface geochemical distribution map and depth of deposit. FCM is a valuable data
processing tool and pattern recognition technique to identify the promising anomalies and
to determine the mineralization trends in depth without exploration drilling. The
introduced technique makes possible the distinction between blind mineralization and
zone of dispersed ore mineralization using surface geochemical data. The results of FCM
show that there is a zone of dispersed ore mineralization in Shand Mahmood area that are
confirmed by the results of drilled borehole. This research demonstrates that the position-
scale domain of geochemical data has also important exploratory information. PCA has
been performed on approximate and details components in two levels of Haar discrete
WT and a new index has been presented based on wavelet coefficients and their results
have been interpreted. Significant results have been obtained using PCA on position —
scale domain of geochemical data. Information obtained from the exploration drillings
such as trenches and boreholes confirm the results of FT and WT. The results of this
research show that the geochemical data can successfully be analyzed in frequency and
position — scale domains.

Keywords:

Principal component analysis, Two dimensional discrete wavelet transform, Two
dimensional Fourier transform, Frequency domain geochemical data, position — scale

domain, blind mineralization
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