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Loss of volatiles or entire

t if ion
Vapour transport to hydrosphere Sysiom Irerptio

followed by Cu, Au, Ag, etc.
forming quartz—adularia system

Dilute fluids: meteoric water, seawate\ ) )
Magmatic ore fluid to porphyry:

\ 'a . H20, Cl, Na. K, H, Fe, Cu, H,S
/]

Non-magmatic
waters convect by
pluton heat

Vapour transport to lithocap followed by
Cu, Au, Ag, etc. forming quartz—alunite system

Dispersal of H,O, CI, Fe, Cu
as unfocused fluids exsolved from melt

/

Wall rock assimilation
adds: H»0O, SiO,, Na,
K, £ S, metals (Mo, W,
As, Sb, Pb, Zn, Se, Li,
Cs, Ba, Rb)

Warm saline
formation water

Density-stratified chamber undergoing

thermal convection
Possible leaching of

wall rocks to provide
Cl, Na, Fe, CO5 £ S,
Cu, Zn, Pb, Ag, As

Accumulation of immiscible
Fractional crystallization of magmatic sulfides and oxides
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causes increase in SiO», Na, K,

Fe/Mg, S, H.0, F, Cl, Magma recharge from mantle: =
incompatible trace elements provides heat, minor H>QO, F, m
(REE, U, Cu, Pb, Hg, etc) Cl, 8 and moderate Cu, Zn, Au + Ag
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Fractal Concentration-Area plot for Au data
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Fractal Concentration-Area plot for Na data
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Ce-La-Y -1
Fe-V-K-Ti-Ba-Mg-Au-Cu -2
P-Mo -3
Na-Pb-Co-Mn-Zn-Al-Ga -4
Cr-Ni-Li-B-Zr-As-Ca-Sr-S -5
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o 630, b g e Ly Jlsline 45 _slaog,S & 1, loesls ;adIS LT .6 )ls oYL Sialy oo L 09,5
Ll Wb loadss &ygo cnl o bl Joline olbog,S bl Gua 1 WS o e ol o
Ole] Al S L ladss Ll g 4 o)lse cam 50 5yl 5l S meme | baosls b
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Zn 28 —
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Cr =]
Mi 20 }
Li 15 —
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3 23 E—

yolie TS Jloges (1 -4) IS

76



51 S S oS S (sl piie sl S it 4 s, (5,555 el 5 4352
S e e 5 WS (oo (B Ml SlaygiSE Djso g oad guianes AT LS
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o polie RV oS Sl 3 o polie RV oS Sl 3
ely> ely>
39 ol ol ly so o 39 ol ol g So o

1 9.484 | 32.704 32.704 16 233 .802 96.127
2 5.574 | 19.220 51.924 17 212 731 96.858
3 3.975 | 13.708 65.632 18 .169 .582 97.440
4 1.946 | 6.711 72.343 19 150 519 97.959
5 1542 | 5.318 77.661 20 121 419 98.377
6 .982 3.387 81.048 21 09R 1 98 709
7 .801 2.764 83.811 Seree Plot

8 726 2.502 86.313

9 542 1.869 88.182
10 437 1.506 89.688
11 408 1.407 91.095
12 .356 1.227 92.323
13 319 1.100 93.423
14 | 285 981 94.404
15 .267 921 95.325

Eigenvalue

Caslodds dnle ez willy 4B g wibyly woys eSL e ohg polie 14 Jouo o

e S Sy 1 45 slaisS ams e i o] (sl ke b conlio |, o ygiSTs Cononl o3y polia
2lp oy el Sen g ogle laygs b jly peds o (SogS g L allls (SosS oy
oy 2bs) 4 45 Cenl olalele gl il bt an dlo ya 39 425,5 osol pge csla,5iSls
ool 03,91 274 Jgaz ;o o] gl a5 0gd oo als p PCA Slowle wlul 5,556 o 0 135 50
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o3 gl 5l )5S i slizl e 2 -4 50

Component
1 2 3 4 5
Li 0.868 0.025 0.332 -0.113 0.046
Ni 0.809 -0.244 0.396 0.141 -0.127
B 0.769 -0.384 0.194 -0.023| -0.018
Sr 0.764 -0.281 -0.26 -0.286 0.127
Co 0.759 0.242 -0.184 0.155 -0.171
Mn 0.75 0.153 0.259 0.296 -0.289
Al 0.689 0.523 -0.174 -0.13 0.043
As 0.651 -0.404 0.033 0.253 -0.114
Zr 0.625 -0.162 0.271 0.449 -0.104

Cr 0.619 -0.107 0.462 0.085 -0.201
Na 0.594 0.485 -0.503 0.092 0.038
Ca 0.575 -0.121 0.011 -0.637| -0.115

S 0.554 -0.276| -0.428 0.094 0.386
\ 0.061 0.857 -0.145 0.143 0.047
Ga 0.412 0.764 -0.158 | -0.046 0.03

Fe -0.237 0.716 0.01 0.396 -0.134
Ti -0.337 0.714 0.34 -0.254| -0.286
K 0.186 0.712 0.377 -0.201 0.039
Mg 0.414 0.676 0.217 -0.451| -0.141
Zn 0.552 0.57 -0.06 0.229 -0.093
Pb 0.498 0.149 -0.487 0.391 0.322
Cu -0.837 0.312 0.192 -0.021| -0.091
Au -0.89 0.181 0.07 0.093 -0.102
Ce -0.044| -0.201 0.869 0.126 0.255
La -0.063| -0.213 0.856 0.035 0.289
Y 0.101 0.358 0.678 0.048 0.407
P -0.255 0.292 0.282 0.476 -0.155

Mo -0.406 0.368 -0.128 0.13 0.619
Ba 0.508 0.435 0.26 -0.206 0.434
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JlosiT slosizas a5 3 -4 gz

Number Value Number Value Number Value
22 7.141428 83 3.162278 68 2
11 6.63325 107 3.162278 102 2
40 6 110 3.162278 138 2
84 6 29 3 148 2
53 5.656854 41 3 32 1.732051
16 5.291503 74 3 33 1.732051
124 5.291503 75 3 47 1.732051
114 5.196152 1 2.828427 62 1.732051
87 4,795832 6 2.828427 67 1.732051
133 4,795832 42 2.828427 71 1.732051
35 4.690416 64 2.828427 93 1.732051
106 4.690416 81 2.828427 99 1.732051
70 4582576 121 2.828427 104 1.732051
117 4582576 134 2.828427 109 1.732051
65 4,123106 63 2.645751 123 1.732051
76 4,123106 140 2.236068 129 1.732051
24 4 143 2.236068 139 1.732051
111 4 144 2.236068 145 1.732051
30 3.316625 147 2.236068
56 3.162278 7 2

o5 145 o leis d5g05 g Jlog] 903 (0 yioge 22 0,leds diged 998 oo oadlie Jgu 5l a5 jshailen

G35 w4 oS adlge aigei D8 S Jlogil (sladised slasi 5 0ilco Jlogil diged

yolic lp a5 3793549 sl o> o,e 3438801 LLslas Jsb L 22 o)leis gl
a2 oo Lid X125 o> 4o Jlegsl polis Y 9 Mo La Cu Au

yaie glp a5 3793700 LLéla> o, 4438852 LLslas Jsb L 40 o las ages
2 oo ylis X138 o ,0 Jlegs] polie Au

yaie slp a5 3793900 _Léla> o,e 3438800 LLslas Jsb L84 o)las aiges

Ao o olid 1) Jlogl 3435 a> 3 Jlegil olie Cu
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yolic slp a5 3793549 Ll o,e 438899 Lélax> Job L11 o)less aiges -4
s oo lid X128 v o Jlegil polis Ti g Mg K Cr Ba

polie glp a5 3793597 LLsl x> o,e 439050 Lslas Jsb L 16 o,less 45905 =5
s oo lid |y X128 o> o Jlegil polie Zn g Mg Ga Al

yaie glp a8 3793751 _Léla> o,e 3439150 Ll Jsb L 53 o las 4905 -6

B2 e plas | X138 o> 4o ‘_gLoyTﬁoL'éA Ca
i o ol 355 5l a8 Codgl b pla Jlesil oo ladiges 4.k,
dad Julox g 4 35 O-4

5JUT 5o .(Greenacre M.J., 2007) ol oo Wosls Judos g apm5 (81,5 by, SO hkas 5JL]

SG 50 9 05 0 8 eer e plTLe o 0 RaSe L lediged 5 b pnie (Jlojes alail) (e
Sgus oo 00ld yinlad by pxile 4y Cund 00l Cudilo py (slddigad CoxBan (6,555 i Slaises oSws
ol 1) (o) Logyg 5 (503) Sl (o el (i (SIS Jloged ol (Abdi H., 2007¢)
3y 05 (Jlegil polie 5 2V polie &5) Jlogil B pne (slodigas b Jlogl ite 45 (5)5b am o0
S0 Glpoad Jloy polis ol jo a8 Qa2 oo Hlid 1) eyl slaaylys 4-4 o> AS oo o 4l
o Az S0 Dyzo Wl sy Jelod g i g Sl 00pd 5 bl polie (0ol pae
b9, 3 90,5 Jel sgzge lo Jlogil 5 aigas 5 T 00 S o5 (g sk Lo piin g Ladiga lojan
5 baigas e Luly, 5o a5 ailie uyile 99 50s] Candy Bom 1005 eoliul i U

Lo ygins (699 4 59 oy 9 il 99 (nl S 5 b Coled po 5 wled Gl | Lo jestie (s iy (5500
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Sk ok |y sraie Slnis &5 pladises o] Clite 5 o8 4 o b jite Coabya (Lo yyiSd)
03,5 o i led ateice

(w‘ W ):yLo)J )‘J.M ;9}:40 NS) La:uj.m; 9 )hhd Egoo 9 4...]5‘ 61.9:06‘& 4 ‘4J5J.>
st d s e i

Mumber  N5:Au M5:AL MS:As . . NSZn NS:Er I
" 1 2.98545 4.5442 5.12126 . . 544668 448447 143.2111
2 20232 439148  4.EBOSO . . 419639 466053 1326374
3 4.3183 3.18228 3.41849 . . 274859 310318 9901791
lodig.at
148 155484  4.61B1 5.66557 . . 457584 557582 1406845
w145 3.00563 641978 475804 . . 437464  5.34509 1322348
C; 4B6.7384 7158602 673.7B95 . . 7125327 ©BBE.2525

e ile ol 3l sl o polis gsaze (IX]) ailoo 149%29 Luy il Sy a5 laools L sile

S oS 5 Sl 9500 Gl Sl gt 8 ggeme rizen 5 [T L oS wes e g)lop oS

dlie ' dio 38l a5 0 W il opl (44 Jgax) sgi o ools ylid [€] L aS ams o (5,500

(e 29) s e S M &5 8,5 i 5 Sy ess |y sy (ol 5 o byl bl
Lol oo (4905 149) wigas olami n

[=X,+ Xy +ot X, 1-4

Cj =X + X5+ + X 2-4

gl oo iy yas g bule; Sy damoxm b [Clon x 0 sw b [R] ka8 uple 9o Jl>

[R]=diag(r,,,...,1,) 3-4
[C]=diag(c,,c,.....C,) -4
1- MATLAB
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o 5§ wuiy & ol (ol jhd g5, yolis &5 an )k8 slomile [Cls [R] cnlple
Gy yal ) Syso & [W] sl J= .(Hongjin et al., 1995; Hongjin et al., 2007) aiib e

=

08,5 oo
W]=[R] ¥ [x][cT" 5-4
e 9 Mo )0 %Q‘aﬁ' & omsle polie J5 Yol a8 col gme ol —% Oy B9 akuly o
Pl ol oy 5l aS 64 by s [H] Gmile 0,3V 5 95 g0 dmslone (o ile ogSae
[0 n domlme Wl oo Cawds W s 5lo o W
[H]=wW] [w] 6-4
dsloms 13T 6355 Lol 5 o3 spobio ol 29X29 Ly slo oSy o [H] o ile dlone 51 ms
Sl SO U jao o polie ol il o P<M aian oS .A.;TGA Cewdy oy Hlade P S 0
gl oo ol Koo jlaie 28 g o0us 5 i wib o L sae a5 ohg Jladie (gl g Wgd oo
O<A =..SA4 <A <4
5 o5y nolie ol 3 G Wgdoe drulre 325 [ |eoig Jlade o b Bl ohg slals
S oo Wy ) ol 99 oy slajlo
[Alppy =diag(4, 4,,...,4,) 7-4
(8], ~[[a )2, ]
g 9xilb oo SWIGEs 05y polie o] (Lol Jlad (55) polic a5 cunl (g5la8 oy jle G [A] ] j0 o5
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Fractal Concentration-Area plot for K data
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Fractal Concentration-Area plot for Ti data
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Fractal Concentration-Area plot for Zn data
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Fractal Concentration-Area plot for Ce data
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Fractal Concentration-Area plot for Cr data
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Abstract

This research is focused on the North-Dalli Cu-Au mineralized area, located in
200Km of SW of Tehran, in central proviene of Iran. In the current research, 165
soil samples were analyzed for 29 elements (Au, Ag, Al, As, B, Ba, Be, Bi, Ca, Cd,
Ce, Co, Cr, Cu, Fe, Ga, Ge, Hg, K, La, Li, Mg, Mn, Mo, Na, Nb, Ni, P, Pb, Rb, S,
Sbh, Sc, Se, Sn, Sr, Ta, Te, Th, Ti, TI, U, V, W, Y, Zn, Zr). A collection of 435 rock
samples from exploration treanchs were used to evaluate the geochemical dispersion

haloes.

Different exploration geochemistry methods were used to identify the high
potential areas in the study area. Correspondence analysis, Fractal geometry, U-
spatial statistical method, trend surface analysis, cluster and factor analysis (PCA)
were some of the corresponding method, were used in this research. Anomal
elements and samples (Cu, Au) were recognized by using correspondence analysis.
The anomaly area for the soil samples were identified by using fractal geometry and
U-spatial statistic method for Cu (>1600ppm) and Au (>500ppb). Cluster and factor
analysis were applied to identify the related elements to the Cu-Au anomaly areas,
which are include of Fe, Ti, K, Mg, Ba, V, Ga, Pb,Zn.

According to the results from rock samples, Cu-Au anomaly areas were related to
porphyry quartz diorite and dioritic volcanic rocks in NE-SW mineralized zone. A
porphyritic Cu mineralization enriched of Au were clarified in the study area. Based
on the previous and current research geophysical investigation, exploration drilling

and Trenches were clarified the high potential areas and geochemical exploration

ratios B2xK were used to recognized the mineralized area in follow up exploration.
CaxZn

Keywords: anomaly, threshold, fractal geometry, U special statistic, trend surface,

correspondence analysis.
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