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Fig. 1. A: The general location of Zafarghand district in the central part of Urumieh-Dokhtar Magmatic Arc (UDMA),
and B:The portion of simplifiedgeologic maps of Ardestan and Shahrab with 1:100.000-scale.(Modified after Radfar,
1998 and Bahroudi, 2000).Location of Zafarghand copper district and distribution of mineral deposits and indexes
areshownon the map (please see text for more explanation of unites).
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Fig. 2. Simplified geologic map of Zafarghand district (Modified after ANJC, 2011). Location of copper mineralization

and rock geochemical samples are shown on the map.

s Dler U oS0l i 5l aST Sl sh s o 11 3
L s b S e (ool a5 BN b jlwclls sy o
(C- ¥ USCa) dlodds oy il 505 0is § glaai &
S g 031 3y S 53 Ao ys g 35 I pie
O R T T RPN ISP NG PRINAC o]

S 05 L bl s 8 adilgme 5> S
(Y JS8) 3005 ay elaw 53 (S 587 s 23055 Sose
Wl G (sl o et U (b LaeSn ol 3L
5 et T CIUSIT Hlactls 551587 Joli 0T (glay ghccii o
i 5 Ay S5 kst i L S ) S


www.SID.ir

Ya4 wepd 2550 SVl Sldllas g (S 58 0rms o pliordiime (Lo o) 2

OYA5 JL) ¥ ojles A ul>

(G K)ol )8 Gl IS5 e T 5187

Sl S g Sl

£ T S S gl e Sla i e s L
o aibate 3 (g5, LS GladnT 3L byl ys Sl $s
ooz s ¢S5 s cdel s Gl s cpl ol glulis
03 Ol ) oyt e ol bl O je (slacKim 5 (5355
uil_wjf: 03 gdmen (g s 4..'2}?).5 Y Jg.l) 3 gh g0
0355 (S35 53 Syl jl O paist; Ly Sy
S5 glaos g (S35 55 Sk Gle 83 5 Cuy 0SS
SLaassT SLadn 155 6 bos a5l 5 Suoms
3o S Aol Ul salie o ol g0y 5 mmls
35dmn D s 8 55T ke (sl Sl Bs oSl
22 i Sl B3 (F YK ol ot T o Sl
(AT JS8) 3yls o S SLailS S 05 udos (lacKiw
b ao Ol sl o ailate Sl anns el )3 C IS
Sty

SlaazaSy L 5 3doun sl Opeisty b Sy L s
AT Slaurls iz 5 B¥ ) S (o 5 4 58
(FY ) s i o pade i La DS 5 50 ol bl s
G155 e o 4 56 Sl SIS 42 samn b oSS S £
Wl 4l 8 e SanSh 5 ne 55 03 Sy 5 Ly S
S S 5 ok 2 Loy o 43 OIS 5 D SIS gy o 5o
s o ST il pa 5 S e 0D s Sl s ey B
lodd o 5 om0 S |y ot Kt e 5 0l
5 OLESI D) s (08 Sl g adsl bl 5 1551
23 Gl B il on ol 4 atgy (53 5558 gl
L e Gl B3 05 0 0> ()90 5 (el Sl
Ssgoin S Ly Slir 505 Oy pons 515 i
S LS o) sl D)ot 5 K e 3 0dST
53855588 gl 5 S51sn UK 53 4 S5 5 50 0 0y s 4

Lol g5 5 ol sl Kt ol 53 25 sla SIS
33 e U (6 S 80, Ly acibate 1 aan g 03 goe
OL oo &K o tage g ool (Y JS8) 15,8 s
Loy Sl 5058 o0 O smomn allals )3 s (S5l S
Lo LS 51 (gl i 5 ST o ¢yl Sl o ast
sdas sl sbd s JLSIT Hlowdls 5 IS 5 50 5158
L e e 5305 S5 o501 L 518 s e S8 15 LT
o S 3 T (Sl g e 03 et Sl
555 3T (T Yl ) 50334 Ll S 5l IS
o033y e o &S5 oSN L p il s e s 93
5 eSSl 3 L a g (slao,USTL J sateT (gl shii s
33 35k 5> Cod s e kidenS| 5 B (Slas sk 5 o ys 6
53 acy 3T a0l K atie) 45 s )
IS dyls S on [ O gy aibie gl 5 (6 g
sl Cdeas 5 s e odyd 0,5 g puS T Ky w4 (Y
hlie 5> LacSin sl timn lo jim JST 4 bay sty
3oy imen s o atas L (6 3L sl ST
Sl sl S 5 5 St I o Sl 5 s e it
1S el 3 SIS o 5D sl s )s
o)t S g 3 b e 0 LI IS (Sl sk Oy pons
los—g3 (’Jj L g;<w~\—~>' 5K sl sk
ﬁpjj‘@@@umdﬁi“w‘%}ii S S 5 ,m 9
Wm0 (S350 (Slred o5 A )ls 55 5 deoy3 93 39>
Sl )3 S Sens Sy 3518
33 513 3308 05 (6 S b &Ky b ailaie (g sy
D)3t 5155 S 5 g OIS 50 D EST5U bl
5 US Dy smmas IS 1 5N 3l 5 4y Slas S,
o355 (D ¥ JS8) ol (6,15 IS Lo Lol e s [SKianss
caibie (650 i 53 (6, Tu) 3PS (63 shiaes
Sl ST adaie 5 (Y JK) Lo gy o 1y (S 5SSy
5 dsmie T GAS 5 50 ol OT sla, s ociyns 655
SIS 533 s slas sl Jols &K al atn ol 55158


www.SID.ir

Oy 5 L alel Yoo

23580 Fo1sS (Cusps Gbes g adle s il S
w58 JS) Cal il 1S mnls o)l K
(s148 5 IS a5 (05 5) 456 5 (05 ml) adsl U8 55
) Jads) Wyls i 0L e K s O3 5 (Glamr S
3 IS a8 e SIS sy ol Sl gla LS
23 5008 ol an L s 1y & pmay oSt ExKe
oSVl S a4 g G SIS 5 gl e s laraS
FIsS s HAY JS8) dis Cusad 5 Soles ca 3T
5 kST gy )l pdm bl GLST Oy WS o
L a8 el 48,5 03 guomn 53 hduy 503 728 05 5

Ll a5 6w 56 aT GladST Ol 3 )

Lilos 1S adad |5 4 56 Cod s Slaer € ko SLrer S
By SO o W ey 53 O ke add s (F-Y I
el Sl 5 aibie 53 oS amw g eSS 5,T ags .yl
3y gt e gy LA LS s L Gl B5
3 Sl ahy s Sl ey ol 53 LacKiew adsl 3L Oy
(Csgod 5 Cilon) raT b SladkuST ol on & Y s
rren S 3 oS Sy g Sl B35 b e painia
Sla SLS 4 samme Lo 5 48T ol aibate y5 La Slu s
Ol 2 s o 4l CldlST 5 o (S (D sy
T o IS e p sl SIS s ol L S
Sl 5 A Sl )l S e 2S5 1
SRR PO R g B P SR Y pons

HPR W

e Yoo ) ge 5leS I o 1 sloaslas aud ol dlacs| adlais gly cdbps IS o N Jgoe
Table 1. Generalized paragenetic sequence for the Zafarghand district. Abbreviations | and Il are type-1 quartz and

type-2 quartz.
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(Whitney and Evans, 2010) g .0 45l

Fig. 3. Field and microscopic photographs of Zafarghand district rocks, A: Outcrop of phyllic and propylitic alterations,
B: Magnetite, biotite and quartz veinlets in potassic alteration, C: Rounded phenocrysts of quartz and sanidine in
rhyolite wall rock. Sulfide veinlet cut quartz and biotite chloritization phenocrysts, D: Granular texture in diorite,
sulfide mineralization were seen in matrix of rock. Plagioclases altered to sericite and minor chlorite, E: Opaque
minerals occurred abundant as dissemination in diorite subvolcanic, F: Secondary biotite is seen as dissemination and
veinlet. It is cut by silica veinlet, G: Milky quartz veinlets is cut by older sulfide-silica veinlets (yellow color), H:
Malachite and Magnetite mineralization is associated with secondary Fe oxides, and I: Chalcopyrite (yellow) replaced
by covellite (blue) (Ser= Sericite, Pl= Plagioclase, Chl= chlorite,Qz= Quartz, Afs= Alkali feldspar, Bt= biotite, Sa=
Sanidine, Ccp=chalcopyrite. (Whitney and Evans, 2010)
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Table 2. The results of statistical parameters of 186 rock samples from Zafarghand district. Clarke value of Beus and

Grigorian (1977).

Element Concentration range Mean Median Std X+S X+2S X+3S Clarke CR
Minimum  Maximum ()] (ppm)

Ag (ppm) 0.21 3.95 0.31 0.31 0.06 0.37 0.43 0.49 0.07 44
Au (ppb) 1 865 8.83 5 7.97 16.80 2476 32.73 2.8 3.1
As (ppm) 6.6 300 8.04 7.8 0.76 8.8 957  10.33 2 4.0
Bi (ppm) 0.37 130.6 0.43 0.42 0.04 0.47 0.5 0.54 0.17 25
Cd (ppm) 0.28 17.94 0.42 0.32 0.04 0.46 0.49 0.53 0.17 24
Co (ppm) 1 62 3.81 3 291 6.72 9.64 12.55 9 0.4
Cu (ppm) 1 50441 57.01 30.5 55.8 112.8 168.6 2244 40 14
Fe (%) 0.12 22.46 2.14 1.7 2.29 4.43 6.72 9.01 5.63 0.3
Mn 0.91 1986 286.6 88 38296 669.6 1052. 1435. 900 0.3
Mo (ppm) 0.83 123.6 3.66 1.17 3.92 7.58 115 1542 12 3.0
Ni (ppm) 3 185 3.6 3 0.76 4.36 511 5.87 50 0.0
Pb (ppm) 3 955 4.59 4 0.92 551 6.43 8257 12 0.3
S (ppm) 1.16 87417 919.8 494 787.46 1707. 2494. 3282. 400 2.3
Sb (ppm) 1.02 21 111 1.09 0.06 1.17 1.23 1.29 0.2 55
Sn (ppm) 1.7 157 2.33 2.2 0.38 271 3.09 3.47 2.3 1.0
Zn (ppm) 1 1388 54.7 38 5159 106.2 157.8 209.4 83 0.6

el jlire Gzl glaeds St 5 S 8w pb hise CR s g3

Note: CR abbreviation: Clarke concentration. Std means standard deviation.
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Fig. 5. Maps showing distributions of Cu, Mo, Au, Ag, Sb, Bi, Pb and Zn concentrationvaluesforrock geochemical data
collected from Zafarghand district (see legend of Fig. 2 for lithological boundaries). Threshold values are calculated
using X+2S of Table. 2.


www.SID.ir

roy

ey 32550 SYlew Slalllas g (S 38e) o 2lbond o) B o) 2

OYAF JLo) ¥ ojles A al>

33°11'30"N

33°11'0"N

52°2§'0"E

52°2ll5'0"E

5

f———m
0 500

52°25'0"E

47511.3
47472.7
47425.3
47393.9
47369.5
47337.8
47309.6
47289.0
47272.0
47202.3
47240.6
47233.6
47226.5
47218.4
47210.7
47200.6
47191.3
47179.4
47168.1
47156.8
47145.1
47137.6
47125.7
47114.3
47103.1
47093.0
47081.5
47070.4
47058.7
47049.0
47039.5
47030.8
47021.2

47698.0

52°26'0"E

59 50 (i pblise slo by CoBge il jals  BlisST ooguste cwlid iy AL (69, p (S SIS 1 0oy A F IS

Fig. 6. A: Geophysical investigation window on geologic map in Zafarghand district. The location of magnetometer
profiles in two networks | and Il is exhibited on the figure, and B: Total magnetic intensity of study area for two
network | and 11
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Fig. 7. Photomicrographs of the fluid inclusions in the Zafarghand district in quartz. A: Primary two phase fluid
inclusion (V+L), B: Primary three phase (V+L+S) and two phase (V rich) fluid inclusions. (V= Vapor, S= Solid, L=

Liquid)
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Table 3. Microthermometry data of primary fluid inclusions from the quartz in Zafarghand district. All fluids are

primary. Abbreviations are N: Number of fluid inclusions, T y: Temperature of Last ice Melting point, Tu:
homogenization temperature, Tgy: First ice Temperature of First ice Melting point.

Sample N Tim(°C) Tu(°C) Type of inclusion ;{E“; Salinity (wt % NaCl eqv)
10 2 133 L+V
10 3 142 L+V
10 2 340 L+V
10 2 325 L+V
10 3 337 L+V
10 1 373 L+V
10 1 391 L+V
10 3 -1.2 342 L+V 1.97
10 3 -1.1 390 L+V 181
10 1 368 L+V
10 3 550 L+V+S
10 3 -0.8 379 L+V 1.32
10 1 -0.7 378 L+V 1.15
11 2 -3 313 L+V -32 4.85
11 3 -3.2 301 L+V -31.5 5.16
11 2 2.1 300 L+V -31 3.43
11 1 273 L+V
11 1 263 L+V
11 1 323 L+V
9 3 352 L+V+S -65 32
9 1 379 L+V+S 43
9 2 328 L+V+S 33
9 3 353 L+V+S 33
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Fig. 9. Homogenization temperature (Th) versus salinity diagram showing densities of fluids (A)and two trend for two
type fluids (B) in Zafarghand district fluids (Wilkinson, 2001)
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Fig. 10. Homogenization temperature (Th) versus salinity plot illustrating A: Stability of chloride complex (A field)
versus sulfide complex (Bfield) (Large et al., 1988), B:detection of aoriginin the hydrothermal fluids at Zafarghand
district (Kesler, 2005)
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Table 4. Summary of the fluid characteristics of quartz mineral from the Zafarghand district, with indication of the type
of mineralization

Stage Temco) M ieecy Tuco Salinity (%) Mineralization
N Rang N Rang N Rang

I 1 -65 - e 5 328 550 32 43 Porphyry

II 3 -32t0-37 7 -07_-3Z 18 123 391 1.15 5.16 Epithermal
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