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Fig. 5. Microscopic characteristics in subvolcanics rocks of Tighanab area in transmitted XPL, A: Porphyric texture
with fine-grained groundmass, B: Poikilitic texture result of existence of hornblende crystals within zoned plagioclase,
C: Resorption rim in plagioclase, D: Euhedral crystals of quartz, E: Euhedral to subhedral and anhedral phenocrysts of
hornblende, and F: Sharp contact between amphibolitic and quartzdiorite porphyry. Abbreviations after Whitney and
Evans (2010) (P1: plagioclase, Hbl: hornblende, Qz: quartz).
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Fig. 6. Microscopic images from Tighanab skarn in transmitted XPL: A: Existence of garnet, calcite and epidote, and B:
garnet as polygonal and zoned crystals. Abbreviations after Whitney and Evans (2010) (Grt: garnet, Cal: calcite, Ep:

epidote).

Al Sl Ws Llas s 51 T 0,000 b Lo e (63 445
Saseianamg b gesy JKTO beKw 5100 Jsds)
53 (Cox et al, 1979)Si0; « &s Na2O+K,0
SV ) s 13 (a3 51 8) Cay 35 )5S 63 ukons
JSK2) AFM ls 5ai 55 cobiag aikaie oy 535,15 (A
Vs slaes 5 b awslie b 5 axzls JISITESIS Conle (B-V
Jolie 53 A/ONK Sls ai asly o olies T 0Kl sl
}&f}jTL&bJ}M}Jw)ﬁb))_ﬂdu&;wcA/NK

(C-V JS2) 5,8 o 5310y § glaus sl §

& £a

(SO
)JQWL&AMW&L&&M&MQF@B

G152 35500 5T laesSiiw .l 0daT \ J g
R /YD) TiO2 sy #8/YVLS SY/FY ks O e
U Y/FY) Fer03 (a3 \W/FF 1 5/YF) ALO; (4o s
G+ /+A) P20s ((des 5 ¥/FA L A/VE) MO (o )5 ¥/FA

et FA/Y G OO/FA 5 Mg# 5 (Ao s +/VY
Lo 51 Sl adlate 08l U Lad o (63 585405 slaes 5

<la <. L9 el ol glai s LSL“;}J



sslazsl wl..,ﬂw.a)

LS.LWj@}d

oA

G358 glses g LS 5 Jool jolie ST ol jon & Slias (63540 Slaes 5 Sk sed SlaS 5 ol polie plad T mls ) Jouo
(Meinert, 1995) :aT oo, Kl b Ciles

Table 1. The results of chemical analysis of the major and trace elements of Tighanab sub-volcanic samples along with
the analysis of the main and trace elements of the intrusions associated with the iron skarns (Meinert, 1995)

Sample No. M-017-5 M-017-9 M-017-19 M-017-25 M-017-30 M-017-37
60°32'42.4" 60°33'28.4" 60°24'28.4"  60°33'33.6" 60°33'34. 60°33'38"
Sample location
32°10'34.6" 32°05'50.4" 32°08'47.6" 32°07'1.3" 32°07'5.6"  32°09'44.1"
SiO: (wt. %) 63.98 63.77 63.47 66.27 64.76 64.90
TiO: 0.39 0.46 0.39 0.35 0.39 0.35
ALOs 16.61 16.48 16.24 16.91 16.62 16.66
FeOt 3.56 3.23 3.68 2.42 3.21 3.02
MnO 0.07 0.06 0.07 0.03 0.05 0.05
MgO 2.93 348 3.28 1.74 2.79 1.96
CaO 4.52 5.24 4.71 3.93 4.85 4.15
Na:O 5.08 4.96 491 5.23 5.00 5.30
K0 0.79 0.31 0.41 1.39 1.24 0.85
P.0s 0.11 0.11 0.11 0.11 0.11 0.11
LOI 1.6 1.7 2.5 1.5 0.8 2.3
Total 99.64 99.8 99.77 99.88 99.82 99.65
Mg# 61.98 68.10 63.84 58.75 63.26 56.25
Ba(ppm) 194 86 96 188 195 1439
Rb 25 8 15 44.0 40.4 29.9
Sr 568 459 402 402.9 406.7 660.7
Zr 85 91 84 94.6 95.3 88.2
Nb 1 2 2 24 2.3 1.3
Co 13 10 14 9.9 9.4 9.2
Y 7.6 10.4 8.6 8.1 9.7 6.7
Cs 0.6 1.6 1.9 32 2.1 2.1
Ta 0.1 0.1 0.1 0.2 0.1 0.1
Hf 2.3 2.4 2.3 2.5 2.8 2.5
Th 0.9 1.9 1.4 2.2 1.9 1.0
U 0.4 0.7 0.3 0.6 0.5 0.4
La 4.2 4.6 4.9 5.6 5.8 4.5
Ce 9.6 11.8 10.0 11.3 12.9 9.6
Pr 1.31 1.66 1.37 1.40 1.65 1.28
Nd 5.7 6.9 6.2 6.1 7.2 5.5
Sm 1.41 1.63 1.28 1.42 1.58 1.37
Eu 0.54 0.53 0.44 0.47 0.51 0.47
Gd 1.70 1.99 1.74 1.65 1.80 1.47
Th 0.25 0.30 0.26 0.25 0.28 0.22
Dy 1.41 1.91 1.53 1.56 1.66 1.22
Ho 0.30 0.38 0.33 0.29 0.32 0.24
Er 0.84 1.18 0.88 0.89 0.99 0.72
Tm 0.12 0.17 0.13 0.13 0.15 0.10
Yb 0.83 1.08 0.84 0.87 0.96 0.65
Lu 0.13 0.17 0.14 0.13 0.14 0.10
Eu/Eu* 1.07 0.90 0.90 0.94 0.92 1.01
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Table 1 (Continued). The results of chemical analysis of the major and trace elements of Tighanab sub-volcanic
samples along with the analysis of the main and trace elements of the intrusions associated with the iron skarns
(Meinert, 1995)

Intrusions of Fe skarns

Sample no. M-017-41 M-017-43 M-017-44 M-017-54 NT-12A .
(Meinert, 1995)
Sample 60°34'48.7"  60°34'50.9” 60°35'20.2"”  60°35'24.3" 60°33"27"
location 32°06'42.3" 32°06'6.3"  32°06'8.8" 32°04'55.5" 32°05'54.5"

SiOz (wt.%) 64.32 63.91 64.70 65.44 63.71 47-75.6
TiO2 0.37 0.40 0.37 0.35 0.49 0.1-0.3
ALO3 16.33 16.50 16.66 17.03 17.44 12.2-22.7
FeOt 3.58 3.61 3.32 3.10 3.21 0.5-6.5
MnO 0.06 0.06 0.06 0.05 0.06 0-0.6
MgO 2.52 2.49 2.42 1.95 2.23 0.2-7.9
CaO 4.26 4.32 4.01 4.57 5.31 0.9-22.4
Na20 5.05 4.77 5.49 5.06 5.5 0.6-7.5
K20 1.15 1.68 1.36 1.00 0.28 0.2-5.6
P20s 0.11 0.11 0.11 0.11 0.11 0-1.5
LOI 1.9 1.7 1.2 1.1 1.6 -
Total 99.65 99.55 99.7 99.76 99.94 -—--
Mg# 58.24 57.74 59.08 55.48 57.92 ———-

Ba(ppm) 314 1358 195 201 60 1-658
Rb 38.7 49.7 393 353 8.6 2-137
Sr 446.7 460.1 420.4 425.9 517 200-981
Zr 99.4 99.1 94.8 96.5 100 66-227
Nb 23 2.9 2.2 2.2 2.5 3-21
Co 11.1 10.8 10.1 8.1 7
Y 9.0 8.4 9.5 8.3 12 16-35
Cs 1.0 0.9 0.7 1.1 2.2
Ta 0.2 0.2 0.2 0.1 0.18
Hf 2.7 2.6 2.7 2.8 2.7
Th 2.0 2.8 2.0 2.1 1.71 0-30

U 0.6 0.8 0.5 0.4 0.68
La 7.3 8.0 5.1 6.0 4.8 0-45
Ce 15.0 15.0 11.1 13.6 11.3 19-73
Pr 1.86 1.86 1.50 1.65 L.5
Nd 7.8 7.4 6.7 6.9 6.9
Sm 1.74 1.60 1.55 1.62 1.8
Eu 0.52 0.52 0.49 0.51 0.55
Gd 1.92 1.77 1.75 1.69 1.96
Tb 0.28 0.27 0.27 0.26 0.32
Dy 1.63 1.48 1.65 1.42 1.97
Ho 0.34 0.27 0.30 0.28 0.4
Er 1.00 0.90 0.96 0.85 1.17
Tm 0.14 0.13 0.13 0.12 0.18
Yb 0.91 0.82 0.89 0.84 1.15
Lu 0.14 0.12 0.15 0.12 0.18

Eu/Eu* 0.87 0.94 0.91 0.94 0.90
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Fig. 7. A: Total alkaline versus SiO; diagram (Cox et al., 1979) for igneous rocks of Tighanab area, B: AFM diagram
(Irvine and Baragar, 1971) of Tighanab sub-volcanic intrusions, C: Aluminium saturation index for igneous rocks of
Tighanab area in Shand (1943) diagram, D, E, and F: diagrams of geochemical characteristics of Tighanab sub-volcanic
intrusions. Location of intrusions associated with iron skarns (Meinert, 1995) is shown with gray color.
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Fig. 9. A: Sr/Y versus Y diagram (Defant and Drummond, 1990) and position of Tighanab samples, and B: Sr versus
CaO+Na;0O diagram (Martin et al., 2005) and position of Tighanab samples
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Table 2. Comparison of some major and trace elements of Tighanab samples with chemical composition of adakites

and north of Kalate Shab adakitic rocks.

Mean of north

Mean of studied Kalate Shab Mean of adakites Mean of adakites
samples samples (Yari, 2014) (Martin et al., 2005) (Castillo, 2006; 2012)
Si0,=64.48 S10,=63.87 >56 Si0O; SiO0x> 56
=16.68 ALLO;3 =16.21 A1,O3 >15 ALO; 15> AL0;
Sr=470 Sr=448.5 >400 Sr >300 Sr
=89Y =8.8Y 18Y< Y<10
=55.58 Sr/'Y =51.24Sr/Y 20 Sr/Y> 20 Sr/Y>
Yb=0.89 ppm Yb=0.88 ppm Yb <1.9 ppm Yb <1 ppm

no significant no negative Eu

no negative Eu

anomaly -

negative Eu anomaly anomaly
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Table 1. Major (wt.%) and trace (ppm) elements contents of hosted igneous rocks in Baout

Sample B1 B8 B17 B5 Kull-X1 BO
Rock Basalt Basalt Gabbro Basalt Gabbro Sb ore
SiO: 57.1 40.46 48.2 45.83 49.62 50.6
TiO: 0.53 2.08 1.16 1.19 1.34 0.12
AlLOs3 16.85 15.69 13.47 13.24 15.85 2.88
Fe203 498 13.97 11.52 12.85 13.95 2.95
MnO 1.8 1.94 1.22 2.31 0.09
MgO 1.23 5.43 5.77 5.81 4.8 0.86
CaO 6.83 10.6 10.19 13.42 6.2 17.64
Na;O 2.17 2.95 2.45 2.95 422 0.42
K:0 3.67 0.67 2.56 0 0.41 0.51
P20s 0.19 0.18 0.66 0.16 0.44 0.03
LOI 6.46 7.97 3.85 4.54 2.98 11.35
Total 101.81 101.94 101.05 102.3 99.81 87.45

As 5 10 3 5 1

Ba 716 55 1238 10 939
Ce 21 17 83 16 4

Cr 90 180 435 297 67 72
Cs 7.2 15.8 54 3.2 1

Cu 12 32 42 38 34 161
Gd 1.6 4.1 3.9 4.1 4.8

Hf 1 3.7 3.5 1.9 1.3

La 13 6 48 7 6
Mo 34 2.4 1.4 4.5 1

Nb 11.7 15.6 16.4 12.6 9

Nd 9 17 26 15 13

Ni 67 554 104.5 96 11.3 17
Pb 24 15 26 22 12 816
Rb 95 27 47 30.1 1 8
Sb 5.1 74.3 8.8 49.9 1 80000
Sc 3 23.9 18.4 26.3 23

Sm 4.3 4.8 8.1 4.5 1.6

Sn 53 1.4 4.5 1.5 1

Sr 343 255 911 203 248 238
Y 6 26 17 24 12 4
Zr 40 93 89 22 38 28
Zn 48 73 60 58 77 1614
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Fig. 7. Field photographs of, A: host rock (diabase) and carbonate and quartz-carbonate veins, and B: Quartz-stibnite

vein in Baout.
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Fig. 8. Microphotographs of stibnite under reflective light in Baout, A: PPL, and B: XPL. Abbreviations from Whitney

and Evans (2010) (Qz: Quartz).
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Table 2. Elemental composition of Sb ore from quartz-stibnite veins in Baout (in ppm except for Sb in wt.%)

Sb (wt.%) 15.6 29.5 38 42 36.4 37.5 38.7 41.8
Hg 12 N.d N.d N.d N.d N.d N.d N.d
Cu 18 16 14 16 17 22 20 16
Zn 167 20 12 69 43 53 71 69
As 63 <20 <20 <20 506 429 725 <20
Ag 0 <1 52 <1 <1 <1 <1 <1
Au N.d N.d N.d N.d 3.21 0.33 0.71 0.36
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Fig. 9. A and B: microphotograph of two-phase primary and secondary fluids inclusion in the Baout, L: liquid phase, V:

vapor phase, and C: pseudo-secondary fluid inclusions (SP).
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Table 3. Summary of Microthermometric data of fluid inclusions of the Baout area

Te ( Tmice ( Wt% Thv-1 Density

n Size(um) Q) &0) NaCl (© g/cm3
1 5 -21 -1.2 2.07 189 0.895
2 6 -21 -1.8 3.06 188 0.903
3 15 221 -1.2 2.07 214 0.864
4 15 -21 -1.5 2.57 167 0.922
5 8 -21 -1.6 2.74 166 0.925
6 8 -21 -1.6 2.74 165 0.926
7 8 -21 -1.8 3.06 170 0.923
8 7 -21 -1.5 2.57 168 0.921
9 5 -21 -1.5 2.57 130 0.956
10 6 -21 -1.5 2.57 168 0.921
11 7 -21 -1.2 2.07 164 0.922
12 6 -21 -1.2 2.07 170 0.916
13 17 -21 -1.5 2.57 161 0.928
14 10 -21 -1.5 2.57 185 0.903
15 -21 -1.8 3.06 180 0.912
16 6 -21 -1.8 3.06 170 0.923
17 12 -21 -1.8 3.06 167 0.926
18 12 -21 -1.8 3.06 215 0.871
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Fig. 10. Diagram of Salinity against homogenization temperature in the Baout area. Trends 1 to 6 is main processes of
fluid evolution (Shepherd et al., 1985).
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Fig. 13. Location map of a magnitude 6 richter earthquake seismic return period that is plotted by applying earthquakes
years2006-2013 and basis on this map an increasing center of tension (A) is formed in the vicinity of Shirindareh dam

in the Bakharden-Quchan zone.
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Fig. 3. A: View of the Sari Gunay and Agh Dagh mining districts (view is to North), B: early quartz-sulfide-magnetite
veins, C: breccias quartz-tourmaline cuts early quartz-sulfide-magnetite veins, D: matrix supported quartz-tourmaline
veining and brecciation with sedimentary textures, E: hand specimen of sericitic alteration associated with breccia quartz-
tourmaline vein, F: clast supported quartz-tourmaline veining and brecciation with dacite host rock, G: barren quartz-
tourmaline veining and brecciation, H: quartz-pyrite-stibnite vein, I and J: quartz-pyrite-stibnite-realgar-orpiment vein,
K: hand specimen of galena, and L: quartz-calcite-pyrite-galena-sphalerite veins with tetrahedrite inclusion
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Fig. 4. Photomicrograph of ore mineralization in the Sari Gunay deposit, A and B: Cu sulfide mineralization in the stage
I veins, C: tourmaline type I and II in the stage II veins associated with type II pyrite, D: euhedral type I pyrite overgrown
by fine-grain sooty arsenian type III pyrite, E and F: association of realgar and orpiment that altered to scorodite in rims,
G and H: tabular stibnite crystals that altered to stibconite in rims, and I: tetrahedrite inclusions in galena in the stage V
veins. Mineral abbreviation from Whitney and Evans (2010) (Ccp: chalcopyrite, Cc: chalcocite, Cv: covellite, Bo: bornite,
Ttr: tetrahedrite, Tur: tourmaline, Stb: stibnite, Stbc: stibconite, Qtz: quartz, Rlg: realgar, Orp: orpiment, Sco: scorodite,
Gn: galena, Py: pyrite, Mag: magnetite).




oA e e a6 by LS 55 SIS a5 gl SIS (i sla 5Lk (¥4 JL) ¥ ol )Y il

200, pm

w

200, BSEZ —— (] 17

GBSy 3 Ul s o pal 5 Lol e s (o) g (55l SIS 5 B A ¢ 58 o5l JLlS 53 (65l S5 288 05 xS slas B S
G S 2y b Wl 55l (1353 Cu s IFipss oo (3 oy 5508 S5 55 053 5 Ul e slapdle, 5 E 5 D oJyl dl o
AE 53 055 oo ol ladlsl T 5 s Slse g sla SIS 51 o ladlsl lyls 457 Syl 55805 Lol o Sl (65l S H
(g 58l 75 T (o sSIS1C) ol 0k w31 (Whitney and Evans, 2010) 5lsl 5 gy bl 2 65Last| oode oy dlo 5o s,

(o HE (s 1o Py ()8 :Gn b AU (a5 :01p &I, RIg 51 S :Q1Z izl :Stb ¢ e, 55 Tur

Fig. 5. BSE images of ore mineralization in the Sari Gunay deposit, A, B and C: Cu sulfide mineralization associated
with type I tetrahedrite in the stage I veins, D and E: tourmaline type I and II in the breccia quartz-tourmaline stage I
veins, F: very fine-grain Au-bearing sooty arsenian pyrite, G and H: stibnite mineralization associated with realgar and
orpiment, showing inclusions of Hg-bearing minerals, I: type II tetrahedrite inclusions in galena at the stage V veins.
Mineral abbreviation from Whitney and Evans (2010) (Cc: chalcocite, Ttr: tetrahedrite, Tur: tourmaline, Stb: stibnite,
Qtz: quartz, Rlg: realgar, Orp: orpiment, Au: gold, Gn: galena, Py: pyrite, Hg: mercury).
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Table 1. Electron microprobe data of main mineral phases in the Sari Gunay. (n.d: below detection limit and n.a: not

analyzed)
Realgar (stage V) Orpiment (stage IV) Stibnite (stage I1I)

S 3032 29.81 2897 29.59 3793 36.11 37.68 38.13 28.16 2793 2849 2783
Fe 0.16 0.10 0.12 0.15 0.07 0.06 0.02 0.04 0.07 0.01 0.10 0.04
Cu n.d 0.01 n.d n.d 0.02 n.d n.d 0.04 0.07 n.d 0.16 0.02
Zn 0.02 0.06 0.03 0.03 n.d 0.01 0.02 n.d n.d n.d n.d 0.03
As 67.86 68.70 69.57 68.89 60.78 62.82 61.39 6046 5.03 4.07 5.09 5.34
Se 0.20 026 0.14 0.19 0.12 0.13 0.05 0.11 0.06 0.07 0.05 0.06
Ag 0.01 0.01 n.d 0.02 n.d n.d 0.01 n.d n.d n.d 0.08 0.03
Au n.d n.d n.d n.d 0.12 0.02 0.11 n.d n.d 0.06 0.06 n.d
Pb 0.33 0.06 007 0.11 0.21 0.08 0.03 0.12 0.22 0.23 0.11 0.15
Sb 0.35 0.07 0.16 0.17 0.28 0.46 022 022 6643 67.09 6631 6592
Te n.d 0.03 0.04 n.d n.d n.d n.d n.d n.d n.d n.d n.d
Bi 0.06 n.d 0.09 0.18 0.17 0.15 0.11 0.13 0.17 0.16 0.10 0.27
Hg n.d 0.10 0.19 n.d 0.03 0.01 0.02 0.01 n.d n.d n.d n.d

Total 99.31 99.21 99.38 9933 99.73 99.82 99.66 99.26 100.21 99.62 100.55 99.69
Stibnite (stage I1I) Tetrahedrite (stage I)

S 27.87 28.06 27.94 27.84 2880 1831 26.53 27.69 2739 26.69 27.36 2296
Fe 0.07 0.04 009 0.10 o0.11 0.55 026 0.23 0.25 0.13 0.11 0.58
Cu n.d 0.05 0.03 0.09 n.d 5479 4697 46.67 46.65 46.62 4529 46.78
Zn n.d n.d n.d n.d n.d 0.01 n.d n.d 0.04 n.d n.d n.d
As 4.77 579 6.68 524 541 0.76 1.04 131 1.29 1.27 1.23 1.69
Se 0.06 n.d 0.03 0.03 0.06 n.d n.d n.d n.d n.d n.d n.d
Ag 0.05 0.10 n.d 0.05 n.d n.d 0.05 n.d n.d n.d 0.05 n.d
Au n.d n.d n.d n.d 0.07 n.d n.d n.d n.d n.d n.d n.d
Pb 0.02 0.13 022 0.13 020 8.69 3.01 0.67 0.91 1.41 1.85 4.02
Sb 66.06 65.71 64.18 6543 6435 17.65 21.75 2327 2325 2365 2391 23.69
Te n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d
Bi 0.12 0.02 005 020 0.22 n.a n.a n.a n.a n.a n.a n.a
Hg n.d n.d n.d 0.10 0.15 n.a n.a n.a n.a n.a n.a n.a

Total 99.02 9990 99.22 99.21 99.37 100.76 99.61 99.84 99.78 99.77 99.80 99.72
Gold (stage IIT) Tfs':;‘;‘:tl')te Chalcocite (stage T) Ch(ﬂ;‘;;ylg'te

S 2484 901 6778 275 26771 26.15 2421 2512 2336 2422 33.55 33.62
Fe 0.13 7.12 418 1.00 3.54 2.84 0.19 0.10 0.18 043 32.61 32.65
Cu 50.55 n.d n.d nd 4282 42,15 6291 7059 6637 7371 3275 32.72
Zn 0.01 n.d n.d n.d n.d n.d n.d n.d 0.05 n.d n.d 0.01
As 1.30 0.06 004 0.04 1250 13.84 0.62 0.13 0.89 0.05 0.57 0.10
Se n.d 0.01 001 0.01 0.01 n.d n.d n.d n.d n.d n.d 0.01
Ag n.d 0.62 057 0.60 0.01 0.10 0.08 0.09 n.d n.d 0.04 0.08
Au n.d 6134 6230 84.10 nd n.d n.d n.d n.d n.d 0.03 0.00
Pb 1.92 n.d n.d n.d 0.70 0.76 391  0.65 4.59 0.52 n.d n.d
Sb 2145 0.03 0.01 002 1341 1410 7.61 235 4.06 0.27 0.01 0.01
Te n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d
Bi n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d
Hg n.d 0.60 035 0.51 n.d n.d n.d n.d n.d n.d n.d n.d

Total 10020 78.79 7424 89.03 99.81 9994 99.53 99.03 99.50 9920 99.56 99.20
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Table 1 (Continued). Electron microprobe data of main mineral phases in the Sari Gunay. (n.d: below detection limit
and n.a: not analyzed)

Pyrite and arsenian pyrite

Tetrahedrite (stage V) Galena (stage V) (stage IIT and IV)

S 27.50 27.25 27.35 10.55 10.85 11.10 52.63 53.08 47.54 5528 56.15
Fe n.d 0.02 0.04 0.01 n.d n.d 46.77 46.52 4215 4324 4370
Cu 39.62 3924 38.41 0.01 n.d 0.04 n.d n.d n.d 0.23 0.28
Zn 0.10 0.10 0.15 0.05 0.04 0.06 n.d n.d n.d 0.18 0.07
As 0.40 0.10 0.21 0.05 0.10 0.08 0.13 0.14 9.65 0.08 0.14
Se 0.01 n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d
Ag 5.30 6.10 5.74 0.01 0.05 0.08 n.d n.d n.d n.d n.d
Au n.d 0.01 0.01 n.d n.d n.d n.d n.d 0.60 n.d n.d
Pb n.d 0.01 0.02 88.40 88.54 88.26 0.31 0.26 0.32 0.17 0.17
Sb  26.60 26.21 27.10 0.03 0.02 0.01 n.d n.d n.d n.d n.d
Ni n.d n.d n.d n.d n.d n.d n.d 0.17 n.d 0.36 0.13
Te n.d n.d n.d n.d n.d n.d n.d 0.05 n.d n.d n.d
Bi n.d n.d n.d n.d n.d n.d 0.16 0.25 0.29 0.11 0.10
Hg n.d 0.01 0.02 0.05 0.01 0.04 0.05 n.d n.d n.d n.d

Total 99.05 99.05 99.53 99.16 99.61 99.67 100.05 100.47 100.55 99.65 100.74
Pyrite and arsenian pyrite (stage III and IV)

S 5240 52.67 53.16 52.14 5190 52.06 52.73 52.18 52.81 5232 52091
Fe 44.16 42.53 42.79 4284 42.64 4370 4544 4455 4478 4513  44.60
Cu 0.32 0.24 1.07 0.26 0.78 0.20 n.d 0.27 n.d n.d 1.97
Zn 0.14 0.13 n.d n.d n.d n.d n.d n.d 0.07 n.d 0.21
As 2.10 3.05 2.21 4.04 289 312 2.07 322 0.23 2.00 n.d
Se n.d n.d n.d n.d n.d 0.11 0.01 0.05 n.d 0.01 n.d
Ag n.d 0.06 n.d n.d n.d n.d n.d n.d n.d n.d n.d
Au n.d n.d n.d n.d 0.40 n.d n.d n.d 0.40 n.d n.d
Pb 0.13 0.27 0.41 0.43 0.02 026 0.24 0.16 0.16 0.24 0.21
Sb n.d n.d 0.14 n.d 0.01 n.d n.d n.d n.d n.d n.d
Ni 0.66 0.59 0.42 0.27 0.90 n.d n.d n.d 0.62 0.62 0.11
Te n.d n.d n.d n.d n.d n.d n.d 0.01 0.01 n.d n.d
Bi 0.08 n.d 0.12 0.10 0.09 0.20 0.14 0.19 0.30 0.17 0.17
Hg n.d n.d n.d n.d n.d n.d n.d n.d 0.01 n.d n.d

Total 9999 99.54 100.32 100.08 99.63 99.65 100.63 100.63 99.39 100.49 100.18
Pyrite and arsenian pyrite (stage III and IV)

S 52.50 52.78 52.21 51.64 51.11 51.37 5122 51.72 51.00 47.14 5197
Fe 4558 44381 4538 4456 4597 44.18 4577 4524 4562 4565 4575
Cu n.d 0.07 0.23 0.18 0.10 0.06 0.03 0.12 0.09 0.08 0.11
Zn n.d n.d 0.07 0.02 0.09 0.15 n.d n.d n.d 0.03 n.d
As 0.05 3.09 0.03 2.27 098 2.83 1.80 1.86 1.85 5.24 2.02
Se n.d n.d n.d 0.02 n.d 0.03 0.02 n.d 0.01 n.d n.d
Ag n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d
Au n.d n.d 0.30 0.42 034 048 n.d n.d n.d 1.00 n.d
Pb 0.18 0.04 0.34 0.18 0.20 0.20 0.24 0.11 0.27 0.10 0.14
Sb n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d n.d
Ni n.d n.d 0.30 n.d 0.42 n.d 0.29 0.06 0.58 0.25 n.d
Te 0.01 n.d n.d n.d n.d n.d n.d n.d 0.03 n.d n.d
Bi 0.34 0.18 0.16 0.15 021 024 0.28 0.24 0.20 0.24 0.01
Hg n.d n.d 0.05 0.08 0.01 0.01 n.d n.d 0.02 n.d n.d

Total 98.66 100.97 99.07 99.52 9943 99.55 99.65 9935 99.67 99.73 100.00
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Fig. 6. A and B: Tetrahedite and tenantite are fahlore group minerals in the Sari Gunay ore deposit, C: tourmaline
classification diagram based on X-site vacancy, Ca and Na+K contents, showing that samples are plot in the alkali group
tourmalines field, D: compositions of tourmalines plotted on X-vacancy / X-vacancy+Na vs. Mg/(Mg+Fe), showing that
tourmaline samples are dravite type, E: compositions of tourmaline on the Ca/(Na+Ca) vs. Mg/(MgtFe), and F:
compositional variations in tourmalines are shown in relation to common substitution mechanisms in tourmalines.
Mineral abbreviation from Whitney and Evans (2010) (Ttr: tetrahedrite, Tnt: Tennantite).
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Table 2. Electron microprobe data of type I tourmaline in the breccia quartz-tourmaline vein

Tourmaline Type I

Si0: 38.28 37.87 37.76 38.77 37.37 38.78 36.61
TiO: 0.42 0.51 0.39 0.61 0.53 1.00 0.39
ALO3 32.61 32.18 33.52 32.44 32.39 32.46 32.67
Cr0; 0.02 0.02 0.02 0.02 0.12 0.12 0.02
FeO 6.13 6.82 6.27 6.02 6.25 6.87 6.92
MnO 0.1 0.09 0.11 0.11 0.08 0.08 0.12
MgO 7.89 7.29 7.89 7.01 7.25 7.17 7.14
Ca0 1.17 137 1.43 1.35 1.38 1.49 1.65
Na;0 1.87 1.71 1.55 1.68 1.71 1.75 1.62
K20 0.08 0.02 0.03 0.03 0.05 0.04 0.04
F 0.64 0.75 0.35 0.45 0.41 0.44 0.28
H:0 2.64 2.67 2.00 2.45 2.71 242 2.76
B:0; 10.32 9.87 10.15 9.91 10.50 9.64 10.12
Li2O 0.54 0.56 0.64 0.38 0.75 0.84 0.61
O=F 0.27 0.32 0.15 0.19 0.17 0.19 0.12
Total 102.44  101.41 10196  101.04  101.33 102.91 100.83
Structural formula based on 31 anions (O, OH, F)
Si* 6.162 6.180 6.150 6.332 6.078 6.267 6.019
AP 0.000 0.000 0.000 0.000 0.000 0.000 0.000
T-sitesum  6.162 6.180 6.150 6.332 6.078 6.267 6.019
B* 2.867 2.780 2.854 2.794 2.948 2.689 2.872
AP 6.000 6.000 6.000 6.000 6.000 6.000 6.000
Z-sitesum  6.000 6.000 6.000 6.000 6.000 6.000 6.000
AP 0.187 0.189 0.434 0.244 0.209 0.182 0.330
Ti* 0.051 0.063 0.048 0.075 0.065 0.122 0.048
Ccr* 0.003 0.003 0.003 0.003 0.015 0.015 0.003
Mg?* 1.893 1.773 1.916 1.707 1.758 1.727 1.750
MnZ* 0.014 0.012 0.015 0.015 0.011 0.011 0.017
Fe* 0.825 0.931 0.854 0.822 0.850 0.928 0.951
Li* 0.350 0.367 0.419 0.250 0.491 0.546 0.403
‘;:{‘;" 3.323 3.338 3.689 3.116 3.399 3.532 3.502
Ca? 0.202 0.240 0.250 0.236 0.240 0.258 0.291
Na* 0.584 0.541 0.489 0.532 0.539 0.548 0.516
K* 0.016 0.004 0.006 0.006 0.010 0.008 0.008
’;f:;e 0.802 0.785 0.745 0.774 0.789 0.814 0.815
OH 2.835 2.906 2.173 2.669 2.940 2.609 3.027
F 0.326 0.387 0.180 0.232 0211 0.225 0.146
Mineral

Name Dravite Dravite Dravite Dravite Dravite Dravite Dravite
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Table 2 (Countinued). Electron microprobe data of type I tourmaline in the breccia quartz-tourmaline vein

Tourmaline Type II
SiO: 37.22 36.95 38.56 36.81 37.98
TiO: 0.49 0.40 0.59 0.32 0.61
ALO3 33.48 33.74 31.62 31.52 33.95
Cr20s3 0.02 0.12 0.02 0.02 0.12
FeO 6.44 6.35 6.25 6.78 6.59
MnO 0.12 0.11 0.06 0.11 0.08
MgO 7.13 7.03 7.03 8.86 7.22
CaO 1.56 1.78 1.68 1.81 1.63
Na:O 1.69 1.63 1.81 1.51 1.50
K:O 0.04 0.02 0.02 0.01 0.02
F 0.61 0.52 0.34 0.37 0.40
H20 245 1.65 1.45 1.35 1.42
B:03 10.15 10.00 10.70 10.60 9.46
Li:O 0.56 0.40 0.35 0.38 0.41
O=F 0.26 0.22 0.14 0.16 0.17
Total 101.70  100.48 100.34  100.29 101.22
Structural formula based on 31 anions (O, OH, F)
Si*t 6.061 6.135 6.391 6.151 6.287
AP* 0.000 0.000 0.000 0.000 0.000
T-site sum 6.061 6.135 6.391 6.151 6.287
B3 2.853 2.866 3.061 3.057 2.703
AP* 6.000 6.000 6.000 6.000 6.000
Z-site sum 6.000 6.000 6.000 6.000 6.000
AP* 0.425 0.603 0.177 0.207 0.623
Ti* 0.060 0.050 0.074 0.040 0.076
Cr3 0.003 0.016 0.003 0.003 0.016
Mg 1.731 1.740 1.737 2.207 1.782
Mn?* 0.017 0.015 0.008 0.016 0.011
Fe?* 0.877 0.882 0.866 0.947 0.912
Li** 0.367 0.267 0.233 0.255 0.273
Y-site sum 3.479 3.573 3.098 3.675 3.693
Ca?* 0.272 0317 0.298 0.324 0.289
Na* 0.534 0.525 0.582 0.489 0.481
K* 0.008 0.004 0.004 0.002 0.004
X-site sum 0.814 0.846 0.884 0.815 0.774
OH" 2.661 1.828 1.603 1.505 1.568
F 0.314 0.273 0.178 0.196 0.209
Mineral Dravite Dravite Dravite Dravite Dravite

Name
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Fig. 8. Photomicrograph of fluid inclusion in the Sari Gunay deposit, A: fluid inclusion image showing monophasic V
and L and two phase L+V inclusions in the Qtz-Py-Stb vein in the stage II, B: liquid rich two phase fluid inclusion in the
quartz associated with stage V veins, C: fluid inclusion image including three phase L+V+S and monophase V inclusions
in the brecciated stage II Qtz-Tur veins, and D: three phase L+V+S and monophase V inclusions in the stage I Qtz-sulfide-

magnetite veins



3laml wlid

O‘)&.ﬁ}&‘#

ars

19, = Stage I: L+V+S (Thl>Tms) (Qtz) N=
M Stage V: L+V (Cal)
10 Stage V: L~V (Qt7)
> 8 | m Stage II: L+V+S (Thi<Tms) (Qtz)
% W Stage II: L+V+S (Thi>Tms) (Qtz)
%. 6 m Stage ITI: L+V (Qtz)
= 4
2
0

160 180 200 220 240 260 280 300 320 340 360 380
Temperature of Homogenization (°C)

42

Stage [: L+V+S (Thl>Tms) (Qtz)
B Stage V: L+V (Cal)

Stage V: L+V (Qtz)
B Stage IT: L+V+S (Thl<Tms) (Qtz)
® Stage II: L+V+S (Thl=Tms) (Qtz)
W Stage III: L+V (Qtz)

ORr NWRPAOMONW
T

- N=40

Frequency

0 2 4 6 8 10 12 30
Salinity (wt.%NaCl equvalent)

35 40 45

@,fwujuxf);g{w'J;t,u@,Mﬁwﬂ@};uﬁ:g,?w:B,,gogﬁouﬂgun;sdm(i,fwA.1 J<s
Fig. 9. A: homogenization temperatures (Th) histogram, and B: salinity histogram (wt.% NaCl equivalent) in the Sari

Gunay deposit

ity ol (65l SIS Il (VL slos 5 (65 0 5 Sy
L DLl )3 Gee 5 Jgl al o JoSKi5 Laes 45T iy 0
Slop 5ls S pn 5o i B S s 6855 laslilS
03 i Gl B3 &G b by 5 515 St o
L sl al o ey ¢ 2y slad ) o 0 [ ey e
dk.s):G&ﬂ(ajlg_s.wh.\.i‘}:iijo.\"s})ﬂ}a:;&j
ol ot ol b rals (S o5 15 60l 0 JSCi5 oS
“FASS S s 55l slasbike (sla o 1 kit
BYV/FF )i b al,S Slo o ys FAA LY ¥ los cdley
Lo o das o 0L | plab oS5 Uslan 35 s> FO/ )
(Richards ol,Kaa 5 35,lbw 5 Jaw 55 oiasl | =L Gl
BYF/F oy5i Lol S sla a5 Y90 b YFP) et al., 2006)
ool 5 ol (plab ¢S dalas 55 A3 F9/)
S Az oo g5 51 by 55015 S 00 2 e
Lw}&TlwaEﬁ):ﬁﬁ;ﬁj\.\in 059 YU sdzasplis
Jyems SIS Caslys |5 ¢Burt, 1989) cul 0T S 5
FeO* ,slis .ol ol & 1S, sla,lilS 53 by s
3 S iy 3550 S, 5 ) (FeO/FeO+MgO)
wam g bdns o 0L 0T ol 8 ol uls &S 05y +/7
(s (S O35 gl s O jae S Solaba 3 g

03 5 ez 315 (S (63 goe JUESI Lo by opl 45 8 Ol 5 on

S 5 dom
sl les L Ll s 558 6ol LS 55 g5l SIS
b o o o L S5 ate Ok V) e b 25T
Richards ) ! 031555 (Jlw O 5edea Y /A BV /F) e
8:L5T b @'}?6)‘*“ 03 gd>es 93 43 GJL”@K (et al., 2006
3135 (b p Slap Fls e gdoe 53 8 5 aS ol oaline
sl ol |5 s o5 9 Caanls (glady 5 el oS
S anS a8, ) ot Il o e (55 SIS
S g5 o 5 e PO B s Sl
53 NG /Y o T ys e sl 5ol s LS e
O P ) SRS SRRV N RVA PP S
¥ w banS ol S gles (Richards et al., 2006)
S35 Ao 3 FOLYD o )sd 53,8 Bl am 3YA L

el plab S slas
b s3bam SV 5 (58 BT CVL s g 4 a5 L
w8 iy e ol LS gl ) oml s YU gy s
05 =S gla o, » ((Richards et al., 2006) & .|
e 4 5 S yal 5 (5l SIS eyl 53 s s SSle
3 S SIS ] e S ST Lol jan | il S
Sl S 5 ol Sl a5 bl 03l Sy

e S5 s ol s bol e Cxa 5 Caydal m



ory e G a6 DS 55 G st 5 (ol S el slasL0Le

(W48 JL) F ojles Y s

@T::.,;@ﬂg,ln;a,@ut?at.@nmm?)@\,;
Lo on & 318 Sl a3 Y0 51 S slabes 55 Sl
sl il (Dickson et al., 1975; Nakai et al., 1986)
g gl Sl ol J gl 038 53 0 o T 5 &S )T
Lol Gl G5 Wl 5 0 b o S b g 00 0l
.Bonazzi et al., 2005) 5,5 |5 dals 055 !
~ Ltk = 1S a5 55 (65653 Jlw (slasL0Ls
G balS Sl am s ¥FA LYo glos (e s, KIT,
ins oo 0L | plab ¢SS Uslae (55 4o ;3 VV/VF BV
636 ST SVl (VL S5l 3 Lol e (55655 SVl 3 g2
) Vo s b 5 a5 Ll s eaasolss 656
g:;\{dl:_m@_.:a%ﬁ\gou;r.amb;@lf}uﬁ%f
}L»:Gﬂﬂlfjﬂ):.:)_&a_ud))uibzl})k.bfou
o b ST 1 (38 6 S sl b Slay oy LS
j|;¢?)ﬁ@x&ul{¢§:;.~ﬂ6;:_wq.},ul°u@_ua
oo Ol v ;33 (6,851 5 gl oulin gLab (o paT
(Garnier et al., 2007) coul als , L0l 1y (S )T
b3 Lol €355 a0y 3 5150 Gblia s H8U1y a4 8
i 33 e b 353 5 g 31 et L5 Ll 0T 545
Lol 6355 gm0y Sty 5 5USJL (ool 5l ¢ 13T
ol jlkie ¢ 355 (5ol 53 3 5 i 03 Wb (55l S
33 5 0d—5 Ll 55 b Ol (yllilil s en s VL
50 3l Jl s ST e il 31 b asls
35l ol S by ol SLL ol e 53 Ca !
YL (5l S5 el iy O gasT Hldie o7 ablis
VU Ol gasT Hldds 55 oD Slala ;o 55 wiomen g 03y
ol Ol e T 5 M lsline  Kiwan 31 0Lt &7 0ls i) S
Maddox et ) coul sas i1 8 55 alie gla)Luils 55 &
034 e ddbele b s sl P ol @l 1998
3,05 355 518 50,0 s o) 45 S o, sba sl
L LT 58 sl 5 S 5 ol K5 5 53 5
—HE Gladf ) (5w ST UL L LS e sl en

soabai, lr s kil o5 Ges 5s i S s
N3 315 o Dlabas bl 5 Ol s K Duis 5 Esl
FAS 5 Lol pen (o5 e & 3 0l joe K
PL@;:,uﬁ(.su‘af,dlﬁw}w)g.o.g;_m.\_;
Ol ke Sl els (U g en e L& LS bl

..J..Z.A;U.a
Sy JSis L ol jen Mo (55w SIS Jsl 4l e
Lol yan ey sl 5 SJ- il Lol jod S 51 S
3 &S sls olis Lau.;\f &:| S g9 ol Q.\..':ak;....:l:..» ks'.L.ﬂJf.s
Loyl oS axils il 550 Ol sasT 5 S )T Jltie cal o oy
Olojpr b & 4 LT (65ILL 5 IMonil g Las 55 58
5ol Jshomn D 5ot 550 (Lt )T S5 L
(o393 o ) oy )T Dl 53 25 sl sladls!
BIIPLES LTS VR VR e P W L PG P -3 K -
Lososg SYLOT 53 ST ldis 45 ol odaliin O
Cabri et, 1989; ) cul sui |25 &y o )T

Cathelineau et al., 1989; Wu et al., 1990; Fleet and
Mumin, 1997; Garnier et al., 2007; Cepedal et al.,

S9N 09 AL lacd 4 2 ki 4w 15 (2008
Sl oy n Ozl 55 b (YU i sdiasilis
e 4 a a5l 5 S 3 3 1, AS/S e o 2t
LU Jlaz| el i S o wieny T 5 oy 55 AS/S
M (Fleet et al., 1993) coul i 0T Ol lu 3 Mk
S Olazt s s daslr Jslee &) o (S0 515
Sl Jlm3l g 5 Sl ol B sy 5 0l LSS
Sy Je gl ) et gl s o 3
L S sled S 5 (555 4>l (Vikentyev, 2015)
308 gl SIS 3 Ol sausT lutie &8 sls 0L S ol s
Jsame oS 5 1 i Sl 53 &) T Jldie 5 i !
33 4w sl ale SVl sl KL 45" s SIS )
58T 0351 o and 53 el (pad Sl o el s
il ol Il P-T Ol ks 5 Jgloee 53 Ol 50T

%‘—%‘)j‘—)@b L;Lau;'l; BE Q‘},Q.:‘L:T K As_i:n_ﬁﬂ'JT



3laml wlid

Ob&.«.& 9 &‘# OYA

b Sl Ll 53 (g5l G J s Sl SV
el ol 6y 5 Les 2alS s Sl Mg
o3 dstal= e YL sl 5 ()2 b (55 4w Lo L0Le

el 5855 e S L bl

Lol yod i 4Bl 53 45 0355 0,8 (S 5lo g i
ol IS slos ol 0 S5 0t i L S5
VY Y 6)}—39";«55‘—“4?')”% uwowu«f,
203 G 13 gad rla]a ¢SS Jlas 9 H—e 3
S5) aas s 0Lz (Wilkinson, 2001) ous o Sas (sles

Stage I
® Stage 11
500 - @ Stage III

600

400 Stage V
300

b
200 5

100 -

Homogenization temperature (°C)

10 20

40 50 60

Salinity (wt.% eq. NaCl)

S5 5ol SLslS Il (sla,L0be 53 ()88l 55 0ki Kas slos I3 a5 Y o KB

Fig. 10. Plot of fluid inclusion homogenization temperature vs. salinity from the Sari Gunay ore deposit

el 030555 Mo i 5 (6 meis S il (s s Il
46 53 5L G i oS 5 S O 5 p
,ugjjlﬁm(&ur@\:)azﬁjk;;@u
Yoz o 05 5 Sosliza gl S oS 5 b Caliien sla i
Il b s sl o i (55w LS s, Sl

el

References

Aghanabati, A., 2004. Geology of Iran. Geological
Survey of Iran. Tehran, 586 pp. (in Persian)

Asadi, H.H., Voncken, J.H.L., Kiihnel, R.A. and
Hale M., 2000. Petrography, mineralogy and
geochemistry of the Zarshuran Carlin-like gold

Shls & by 5= 5,158 (b S Jl sl lOLe
s O Gy o S S5 Lol s 5035 Y (6 5
ol 3l S5 3l a ol ys it g ol i K (ol
il 0T 50 0ds  Kes s ply 53 Goa—b 13 05 45
‘._’.;;.;)r)_wc\bfjh_g)_i}b;ﬁ\f.(\' Jiﬁ:).\;fdn
LY 5 (Ssgd,s Mo by alS L g ol 5,8 ot

deposit, northwest Iran. Mineralium Deposita,
35(7): 656-671.

Bagherpour, H., Mokhtari, M.A.A., Kouhestani,
H., Nabatian, G. and Mehdikhani, B., 2020.
Intermediate-sulfidation Style of Epithermal
Base Metal (Ag) Mineralization at the Qoyjeh



ora e b S a6 s oS 2 LG e (alis G Jlw slasLOLs

(W48 JL) F ojles Y s

Yeylaq Deposit, SW Zanjan — IRAN. Journal of
Economic Geology, 114): 545-564. (in Persian

with English abstract)

Bodnar, R.J., 1993. Revised equation and table for
determining the freezing point depression of
H,0O-NaCl solutions. Geochimica et
Cosmochimica Acta, 57(3): 683—684.

Bonazzi, P., Lampronti, G.I.,, Bindi, L. and
Zanardi, S., 2005. Wakabayashilite, [(As,
Sb)6S9] [(As4S5]: Crystal  structure,
pseudosymmetry, twinning and revised
chemical formula. American Mineralogist,
90(7): 1108-1114.

Boomeri, M., Biabangard, H. and Zeinadini, Z.,
2019. Investigation of petrography, mineralogy
and alteration of northern part of the
Chahfiruzeh  porphyry  copper  deposit,
northwest of Shar-e-Babak, Kerman. Journal of
Economic Geology, 11(1): 57-80. (in Persian

with English abstract)
Burt, D.M., 1989. Vector representation of
tourmaline compositions. American

mineralogist, 74(7-8): 826—839.

Cabri, L.J., Chryssoulis, S.L., De Villiers, J.P.R.,
Gilles La-amme, J.H. and Buseck, P.R., 1989.
The nature of invisible gold in arsenopyrite. The
Canadian Mineralogist, 27(3): 353-362.

Cathelineau, M., Boiron, M.C., Holliger, P.,
Marion, P. and Denis, M., 1989. Gold in
arsenopyrites: crystal chemistry, location and
state, physical and chemical conditions of
deposition. In: R.R, Keays, W.R.H. Ramsay and
D.I. Groves (Editors), The Geology of Gold
Deposits. Economic geology monograph series,
Economic Geology Publishing Co., USA, pp.
328-341.

Cepedal, A., Fuente, M.F. and Martin-Izard, A.,
2008. Gold-bearing As-rich pyrite and
arsenopyrite from the El Valle gold deposit,
Asturias, Northwestern Spain. The Canadian
Mineralogist, 46(1): 233-247.

Dickson, F.W., Radtke, A.S., Wiessberg, B.G. and
Heropoulos, C., 1957. Solid solution of
antimony, arsenic, and gold in stibnite (Sb.S3),
orpiment (As2S3) and realgar (As:S»y).
Economic Geology, 70(3): 591-594.

Feleghari, H., 2014. Studies of alteration related to
gold epithermal Sari Gunay ore deposit in the
Kurdistan province using by Aster satellite,
mineralogy and geochemistry evidences. M.Sc.

thesis, Isfahan University of Technology,
Isfahan, Iran, 123 pp.

Fleet, M.E., Chryssoulis, S.L., MacLean, P.J.,
Davidson, R. and Weisener, C.G., 1993.
Arsenian pyrite from gold deposits; Au and As
distribution investigated by SIMS and EMP and
color staining and surface oxidation by XPS and
LIMS. The Canadian Mineralogist, 31(1): 1-17.

Fleet, M.E. and Mumin, A.H., 1997. Gold-bearing
arsenian pyrite andmarcasite and arsenopyrite
from Carlin Trend gold deposits and laboratory
synthesis. American Mineralogist, 82(1-2):
182-193.

Garnier, V., Malo, M., Dubé, B., Chagnon, A. and
Beaudoin, G., 2007. Carlin-type gold
mineralization at Saint-Andréde-Restigouche,
Gaspé  Peninsula  (Québec).  Canadian
Appalachians. Mineralium Deposita, 42(6):
639-662.

Geranian, H., Tabatabaei, S.H, Asadi Harooni, H.
and Mohamadi, A., 2015. Application of
discrimination analysis and support vector
machine methods for modelling in the
epithermal gold deposits in Dashkasan area.
Iranian Journal of Mining Engineering, 10(28):
53-65. (in Persian with English abstract)

Hawthorne, F.C. and Henry, D.J., 1999.
Classification of the minerals of the tourmaline
group. European Journal of Mineralogy, 11(2):
201-215.

Jankovic, S., 1997. The Carpatho—Balkanides and
adjacent area: a sector of the Tethyan Eurasian
metallogenic belt. Mineralium Deposita, 32(5):
426-433.

Jankovic, S. and Petrascheck, W.E., 1987.
Tectonics and metallogeny of the Alpine-
Himalayan belt in the Mediterranean area and
western Asia. Episodes, 10(3): 169-175.

Maanijou, M., Puyandeh, N., Sepahi, A.A. and
Dadfar, S., 2015. Mapping of hydrothermal
alteration of Dashkasan (Sari Gunay)
epithermal gold mine using Aster sensor images
and XRD analysis. Geosciences, 24 (95): 95—
104. (in Persian with English abstract)

Maddox, L.M., Bancroft, G.M., Scaini, M.J. and
Lorimer, JW., 1998. Invisible gold:
comparison of Au deposition on pyrite and
arsenopyrite. American Mineralogist, 83(11-
12): 1240-1245.

Manning, D.A.C., 1982. Chemical and
morphological variation in tourmalines from the



3laml wlid

O‘J&A}&‘# oy

Hub Kapong batholith of Peninsular Thailand.
Mineralogical Magazine, 45(337): 139-147.
Mehrabi, B., Alimohammadi, H., Farhadian
Babadi, M. and Ghahramaninejad, F., 2016.
Biogeochemical exploration in Sari Gunay gold
deposit, Northwestern Iran. Geopersia, 6(2):

223-232.

Mehrabi, B., Yardley, B.W.D. and Cann, J.R.,
1999. Sediment-hosted disseminated gold
mineralization at Zarshuran, NW Iran.
Mineralium Deposita, 34(7): 673—696.

Moradi, M., 2018. Mineralogy and gold
geochemical distribution in the sulfide and
oxide ores of the Dashkasan ore deposit (E
Qorveh). M.Sc. thesis, University of Isfahan,
Isfahan, Iran, 148 pp.

Nakai, 1., Yokoi H. and Nagashima K., 1986.
Crystal chemistry of the system As-Sb-S (I):
Synthesis of wakabayashilite and synthetic
study on the solid solution in the As2S3-Sb2S3
system. Mineralogical Journal, 13(4): 212-222.

Niroumand, SH., Rastad, E., Rashidnezhad Omran
N. and Ghaderi, M., 2013. Geology and
mineralization of the Dashkasan (Sari Gunay)
epithermal gold deposit, Sanandaj-Sirjan zone,
east of Qorveh, Kordestan province.
Geosciences. 3(88): 30—41. (in Persian with
English abstract)

Rastad, E., Niroumand SH. and Rashidnezhad
Omran N., 2000. Genesis of SB-AS-AU deposit
in volcano-plautonic complex of Dash-Kasan

(cast Qorveh, Kordestan province).
Geosciences, 9(37-38): 2-23. (in Persian with
English abstract)

Reynolds, M., 2001. Mineralogical

characterization of arsenical gold ores from the
Dashkasan deposit. Iran, RioTinto Technical
Services, United Kingdom, Report BR3029, 43
pp.

Richards, J.P, Wilkinson, D. and Ullrich, T., 2006.
Geology of the Sari Gunay epithermal deposit.
Economic Geology, 101(8): 1455-1496.

Sack, R.O., Kuehner S.M. and Hardy, L.S., 2002.
Retrograde Ag-enrichment in fahlores from the
Coeur d’Alene mining district, Idaho, USA.
Mineralogical Magazine, 66(1): 215-229.

Shepherd, T.J., Rankin, A.H. and Alderton, D.H.,
1985. A Practical guide to fluid inclusion
studies. Blackie and Sons, Glasgow, 239 pp.

Slack, J.F., Palmer, M.R., Stevens, B.P.J. and
Barnes, R.G., 1993. Origin significance of
tourmaline-rich rocks in the Broken Hill
district, Australia. Economic Geology, 88(3):
505-541.

Sterner, S.M., Hall, D.L. and Bodnar, R.J., 1988.
Synthetic  fluid inclusions. V. Solubility
relations in the system NaCIl-KCI-H,O under
vapor-saturated conditions: Geochimica et
Cosmochimica Acta, 52(5): 989-1005.

Tindle, A.G., Breaks, F.W. and Selway, J.B., 2002.
Tourmaline in petalite-subtype  granitic
pegmatites: evidence of fractionation and
contamination from the Pakeagama Lake and
Separation Lake areas of northwestern Ontario,
Canada. The Canadian Mineralogist, 40(3):
753-788.

Trumbull, R.B. and Chaussidon, M., 1999.
Chemical and boron isotopic composition of
magmatic and hydrothermal tourmalines from
the Sinceni granite- pegmatite system in
Swaziland. Chemical Geology, 153(1-4): 125-
137.

Vikentyev, 1.V., 2015. Invisible and microscopic
gold in pyrite: Methods and new data for
massive sulfide ores of the Urals. Geology of
Ore Deposits, 57(4): 237-265.

Wilkinson, D.L., 2004. Sari Gunay (Formerly
Dashkasan) gold project Kordestan Province,
Iran. Zar Kuh Mining Company, Tehran,
Annual Report 1, 52 pp.

Wilkinson, J.J., 2001. Fluid inclusion in
hydrothermal ore deposits. Lithos, 55(1): 229—
272.

Wu, X., Delbove, F. and Touray, J.C., 1990.
Conditions of formation of gold-bearing
arsenopyrite: a comparison of synthetic crystals
with samples from Le ChaAtelet gold deposit
Creuse, France. Mineralium Deposita, 25(4):
S8-S12.

Zarasvandi, A., Rezaei, M., Tashi, M., Fereydouni,
Z. and Saed, M., 2019. Comparison of
geochemistry and porphyry copper
mineralization efficiency in granitoids of the
Sanandaj-Sirjan and Urumieh-Dokhtar zones;
using rare earth elements geochemistry. Journal
of Economic Geology, 11(1): 1-23. (in Persian
with English abstract)



Journal of Economic Geology SOl bl gm0
Vol. 12, No. 4 (2021) (1¥48 JL) F o)l Y Al

ISSN 2008-7306 iAo 05 L oYY Ooliws

9 Ul

deg0om0) ¥ Ol g (T HLil” 53 3 595 sl S eignl 9 Jluw SO
(lme Jlod —5 0l (T June

ADly (9D 318 ye0 9 *9o Jlre oo
Il FONVFIITYN g dS 4Okt s e s o215 gl 0ulSCET>  purlid 05,5

WAANY/NN 5 d PRV /Y tallie Ly

oy
Sl aT S JLlS 4 ol 3lan 45 samee 1315 513 Olom o i 5 (655 50 O ol 4lgy 50 53 5 e AT Sas 45 goms
o b S5 a0T 5 ot gy e 3T ety Jols SlaansT glaeKan oS b aibite 3 .cuwlgT 51 S oF Ol HLilS &
5 Sy a3 E Jals s 3y g0 dilate G35 3T SCiw 350 g0 o3 o8 Wil el ST (gladtorly 5 1
ol KlS el oslsgy 5,8l &y o cailate ST 5 Con s SlacSin b oS 55 (8T (5l SIS 56 .l it 8
L;uuzsq,;,@\ou;g,?}ggrg@gm@‘}i,\;&b_ﬂduu;sw;Swlq&rg\ﬂyTomomU@
b SasLb0be (Sl Al ke 5 Glos 55 0 53 JSKE 5 a0 5 S SIS 5 g s S ST ¢ S Gaes
e S 5 st s 43S atia s 3 s ¥ ol 258l SSlS s dlbl Ol geay S 2dS SlaanS -8
S0 552l (s ol ol S 20 0,8 /A-V/Y 5 plab S (555 oy /FT0 3l S Sl 4 )3 1V O-FYF
SLlS 33 8,8 Late 55,05 51,5 458 ;5 ¥/8 LY 4;,,\;)>634S)t.s.am.u”m%féug.{,iébﬁoucw;Jf,f)uig

sl LS ¥ Ul 2T

Vo 5l ot L oS i aT Oolas s samme gl oo Juli dodio
35 et 3 B Y Kol s b s SKedlS o5 0 subos o n $5S o Ol 53 K555 5y b o LS e
30l ST Ol G5 Jla) Sl e S (5 20515 01 S0 o sy (G sl G553 slaeSin S5
G sy O g Gelirs 48 gazen pl ol 153 ol dlasr Karimzadeh Somarain and )c—uled b (o lides

Moayyed, 2002; Calagari and Hosseinzadeh,

O Ol Y Ol O O s T (Gles 55 Jols Sl
) gliad iyl s qoaluasl L 5l Lad, Kl o1 .(2006

mohammad@basu.ac.ir : 5K J guest DOI: https://dx.doi.org/10.22067/econg.v12i4.78330



bl b

-Lfvb w}é}jﬁ@l’u OY’T

(S 4e sazea y> u_ali_.idl: sla ey CJB 55 (2013

Lite 20 S 53 (510 058G Lol etilails anlllan oS g2 0T

Slag sl s o lasbobs ) 2 Gl S5 YL
) 3 4 i pLonil ¥ ol (8T LIS s 558 b
Ol oo b g 2 ol plasil b ol ol ls y OT 4ty
33,5 ey Y Ol HLl s g5l S8 Calies Jol 10
aitia S sliza LaplS 55 SLaallS Glad plowe O s
QML&»MJ;du,;ﬁw!Cu;dl@);.;pw
Sl s s Al el ¥ Ol LlS oKl
Slapi oKl s anllas )3 Ol o Bag o) &b
Gl sl 55 g )y 550 aibete s alin (g5lw SLS

5 S eslatal

VS e n ¥ Y oS s JS Y S, 0 S LS
Ol ol 5Ll (Maanijou and Salemi, 2015) col
23 5935 03las 4 gazme ol (KdlS 0355 g 5 gy F
Yol 5 s b ORV Y NOFY LU re Cxd e
b gl o as s yls 5 Jd o, OrF
— il acg 53 4kl opl«(Nabavi, 1976) s S
Berberian ) &S 5 0L 1 (s Gk 5 Ol 5T
Ol ) 5 Ol oo i 5L 09 o (and King, 1981
G e sle alses sl 3LV ISKE) cnl 4 § 15 65
Sz 2d (6 3¢ «(Shaikhi, 1995) s (Azizi, 1992)
«(Barati, 2008) !, «(Azizi Shotour Khoft, 2003)
Khorram Rudi, ) s, e (Zarei, 2014) =,i;
Salemi, ) L. 3 (Khodaei, 2015) ,la= 2014

"..;.1.1».,:.':x N B €
b

EME Magical sub-rone
- Ophiolite suh-zone
- -' Bistoan sub-zone
m Radolaniie sub-zone

Lare Mesorost rocks
[mostly umder
Nevgeme-{uatcmary
over)

e Hamsedan phy e

(7.7, Late Palaecisobe-Early
£ Mesorode rocks

TPalacozoie- Early

FrtME  pjesoroic rocks

L P Lzie Mrecambrian-
Early Palseroic mcks

—
4 Completely Deforrmed sub-rone

e al
Central + & o Urumsich-Dokheas Magmatic Arc
Iran - Ophbciite snd Ophiclitie melinge

ﬁ'&lw]y afea vyThruM fault
g

@ 552 Granbtodds /Faull

gSmkr:-slup fasily /'L"umm'r

(Mohajel et al., 2003)“‘ u‘,w J&T JL..JK C’:’é}‘ E) Ql:-j:«:—c-\....w Q}) oddvosluw &:-Lwd:p) aias ) J::J

Fig. 1. Simplified tectonic map of the Sannadaj-Sirjan zone an location of the Sarab 3 iron ore deposite (Mohajel et al.,

2003)



ory e ¥ Ol T 5L 535 58 b ool 5 Jlaw slasbobe

(1¥48 JL) F olas VY Al

Jr 5 S YL 0S5 L S 1 gl i Sl |
Slakas (05 S 5 s 55 i Osls )3 0T aseiee
s S 5 i b s s b g S e s
T M Solgpe A Sl el gl sad Y STL
QU 15U 528 587 o8l g 555521 o8l 3T g gy 905
55 b0y s (g (slaass god o8 lo3T ol )3 i
2535 WO3) 0285 4 (g slns p3lin b b (slad gouS”
g Laas gl (sl 15 0, LS (gla bl u s
J_s-l.s ol adal Jj_m.f NPT aosls Q:;)lq;.e
S g n 0303 )13 I 6l s s e 3T s, S
3 el (pleand 3 g0 31 0 gt 5 VL e B b 4 4500
33 0581 035331 L 5358 o Loy o 5 lo a3 Voo
b a0kl g SES U sbar 31 5 mle a3 VA (gles
Slge s1a0 g 53 e $13E o 811 allet LIS p pda
L8 U sy e JS 0 oS Lol /oS A ST olasd
SIS Sleslizal L OT T Cawsa SO, 3 H0,CO2, N,
Y sl sty b 55 802 58 3 5 o STl s 3l 0 e
o b O b e e b g e 53 50 e I
U 5 sd e Jom o Lids 0Lt 50 5 555 0

el 5l5a 53 /Y (6, S eIl s g3 sh g S el

Slddkuo  wlbis o)
Jold &5 s Gonn aibate (S5 505 sladly 5 g B
TENCUNE JC P g [P RGO B JCH R JPNE R RO I
(Fenodi and Sayareh, 2000) L 4wl S
A Kidale 510 o IS o I e il Lot
i o5 B b g e g S (slan 53 SaT
SLatsT eKiw uoman Lilas 5 5 55 | dalaie I aews
aibate 53 oo S AL 5T 5 gy U ol

3. n-Hexane
4. Queens University

1. Doubly Polished Thin Sections
2. Cesium Nitrate

Baigei (&wodk § dltao (9
Iy shads CLasS| ol a ¥ Ol T LS &S 51T )
3,15 515 (6,15 o 3550 58 ol Jm 3 5 Sl 0l I8
(Soli= laosre cwy o 5 SLEST L;LMSL..?Q:};. Sy b
LS L LT LUl 55 5 5l LS chas Cons
(i (Slae jha Sdomn gy 103NN A gy 0di ;S 1y
Sla o) 2 61 m Odre Loyl s 9 LT 5l i sai Ve sl
a5l 5 b Sla)bols ¢ dio &S50 (S50 slade
e Yo sl S lgys bl 3 8, 8 Sl
Oldeas L o o ol ils 53 Laas sad ol 51 g 5wy Sen
=l sl sbObe gy 2 3 8 S5 (s 3550 5 Lbags
GLAC S 5 Lo g cpl diplanil ! Jas 253 6505 7 (55
L;}_:fa)‘\.\_;\ s Cbls Lf:.::—iﬁ SLaOL e 43 3 4 90
Sl 35 e olis G o8iulejT 3 oles (slaail 3o
Jue L Stage: THMS600 ¢SS™ 4 0l 5l sk 3150 (5551 3
(el e ZEISS Sy Sr (555 — 45 Linkam
a3 480 BV o olans Syl auels .28 S 50
LS GEUS 55 4 s o8 l ol 51 8 L
03575 Gy ) 51 O e (LNP) 2le 5 (TP94)
Lo 53 ouws 05 S 6l ) ST 0o 5 (Slaseil sl
w3k /F L b § s Stage o gl I .ol (WL
S Sl a5 FIF O akaii U Sl b oS 03
=0l 351kl o3le b 5 a3 /Y 33 L slesmil 3 5 Ldpln]
S dsiplowl 38 Sl a3 AF/F g3 i L 0l K
T Odme ol Al Cy 51 (S ) G 5 45 505 ey
oBnlosT 53 LT 55 o5 pl S 5 sl O O
ol a6 S o3t U T 554 o8 tils 5555
Al s S5l 2280 S 555 SRS Sla
Loy sy Jod 5 bkl g £l 5l adeds 1 gy 5 Adplo)
SLads god (Gilulda (Y Ol o 53 A g o SO 41 2 Ol o)



dbasl Wl oy

&‘)w}b}j?@w

or¢

36°17'51.30"N 36°17'42.52"N

47°46'59.33"E

47°46'47.79"E

LEGEND
Z | |
3 =
2 fi
= =
= EOT] owe
=
=2
o z
[*5)
— §
| = |
g
@ | 2
NS |2
Z |8
= S
c ' ’&ﬁlw
o OM vi|
z g LS|
2|z |
m %2 xl
E_, o
ol &
A1
=
5 s
g | [Fue.
1=
2l 3
Q| 3 IR
o =] Kmsh
2| &8
m| B
=1 O

H: Hornfelse.
LaJ di-gd: Dark green

oz . Q12: Low level unconsolidated texturally variable, recent clastic deposits.
7T o Qtl: High level unconsolidated texturally variable, recent clastic deposits.

[-7 g i PLe: Polygenic conglomerate with intercalations of green sandstone.
| PLm: Cream to red mari with intrercaiations of pooriy indurated sandstone.

~ OMm: Alternation of green and red marl with intercalations of thin bedded sandstone.

" K: Kaolinite.

OM m,1: Green marl, with intercalations of cream limestone.
4

Intrusive igneous rocks and related contact metamorphic rocks
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Fig. 2. Part of the geological map 1:100000 Yasukond (Fenodi and Sayareh, 2000) and the location of the study area



oro e ¥ Ol T 5L 535 58 b ool 5 Jlaw slasbobe

(1¥48 JL) F o)l Y il

):45:)13Qp)wﬂjglwq(OMrt)e.L&Q;;:
39 ke 6390 U (6358 laos g 5,5 S
ol S 55T Sl 5 Sl £ jlas blwns
#M}Q‘JM%S&&L&A}‘})JQM“
5 Gretias $Laes 15 (6, S Gl Sl (oralin e Ay oo
oY S 3 a8 Olin Ules S bl 5 O e Gas
V_S.U)'L.» Lgug:,-:d}jjﬁjé_{ﬁT)b G358 Saes 55 (395 e
sty ool &S i 5 55 (65l S8 095 5 Lok 5oy 5

CM‘ ab‘}t)

OMI1: Limestone and dolomite (Qom Formation)

Mineralization zone and ore dump

Agricultures land

(Gl G 4 13 ¥ ol Do 53 (3l S5 095 5,000 b (i (sladg b1 S

Fig. 3. Relation of rock units with each other and mineralization zone in Sarab 3 mine (northwest view)

0355 ol i(di-gd) (93809 5 - 83998 (SD985 0843
sOMIIL u1y) = Lok Sl as Jg3 5 LESAT s (63,8
ol 5 (OMI) oy SN 545 o 51 5ke 5 (OMAI
LUs Ll Jleast e g peo (b oy 4 4 55 L.(F SK2) Sl
3 28 S5 G g1 S 035 s 5038
Wsely Laes o5 nl Ol g o 9 Sl (63 585 Glares o5 L
Gla oy bl o8 8 15 5 ¥ Ol e s 5l SIS
0355 ! 3 OB 2 IS 5 (el ol tiplanl (3185
K bl e )53 0355 3 el oLl

. N " . o —
o et b 6 8L 5 JB el QY S1E OV SIS S

¥ Ol T 5Ll i oy
Sl 53 nlibay oty o S s (Sikne s
«(gd) Sy 351 8 oS 5L 6358 slaes g O Ol 2T
N2 T e ) ey e 4 (€1) Sl 85 (dD) )
50 F ¥ sl &) wzes (Fenodi and Sayareh, 2000)
o sasin ki Sl sy s 6, Sl LS (¢
SOMID) 5 5l g S Lal g5 5 ST
5 ST el o T (g5lu SLS slus ;) o 50 «(OMd]
5o Slosgd U e S P = Ll glaasl o
Sla it 53 05 O seis y Odrs 3 3done 3 jlwe o

u’gﬁ)éudﬂc\"u‘ﬂ)u\{eb}m&}cdw

di-ed Dioriteto granodiorite

VOl g 8T Gare ($35d5 S0 g

5 a3 a3l 8 S 5L sadate (635 slres 5
Calises LLE 55 1, ¥ O o aibie Koo sladoy el §
Coasl (5115 (65Le SIS W go Ol 5o Loz 5 ol .l S a3
Sros DL L Gresand Sl Lol adnl glaes 5 s
N LTSS il 5050 55 5 V51,55 ,Kn 0 e sl
Slaes o ng_:fL;L? 03 e ey eyl 28 ls
s LAl ety ol JLSSI 0B e aibate JlaeSsls
5o sloos 55 IS o s 0S5 Lol (sl e
s (g5l S8



bl b

u\..ir‘) w}é}jﬁ@l&a of"\

s S S g 5l b gl e (A-F SKE) ey s
A3 0 ssde yliie g 5 ablie 55 55 (CF I
L 5l L o ol (o g5 sl Sl ok
SLa LS Sl ls ) pdm K 53 doys Y1 S Sl

Leler Gl 0 Ol (oo oo 2 20 0 Lol 20 (23
(gl o IS5 STo il S go s ol sladnST ST
SESTE 5 5l oS polie 5wy la S (S

Az ¥ Ol s e 4 50 gl SIS

(D-F JS2) 3,8 o 31y 0T doya Ve 55 oS ol
(e S b STl La i i 53 IS 550
(D-F S8) dzes gtuaibats gl 50 LT 51 5 5 Ll
5 JsmtaT IS 1 53 Sla IS oty ol 5 EST50 ablan s
1313 (BF JS8) 55 o o> S35l s S s
Lad i el deoys Ve 1 S 6Kl 53 S 5

A o 3 Laamad 1 (5 51 55 Ll 03 5 gl it

S 53 do 3 Yo w T Jlsl 5 Llods fols s STy 0

SIS 55N Loy b U s ‘Sb-2-DDH2(8.30m) Gy B LA ¥ gl Sl a3 51 g oSy Son s sloai £ D
Sb-92-DMS5(45.6m) a5 5o :C ¢ 2K 548 sla ST L o ;ad (Solowntls i 51 o) Lot s oo 5l glacn 55 Jsmiel 5 ol
3 &S Ty Sl LS 5 50 (slassh (55l (5 SR (SD-92-17b 4505 D 5 kg om0y Sl 3 a0 Ko atn 55 a2
sb L33l (Whitney and Evans, 2010) 5is) 5 5 51 a5 (s5bazt oMo . iy 5 308 o o 2T Sy i b 1 ST (glad piaT

A gSTACE GIS 5 5% Pl 551 AUE ¢J gt T AMP) Sl
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rock with plagioclase crystals, augite and amphibole in the background of microliths (often feldspar) together with
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amphiboles with pleochroism blue, green, red and orange. Abbreviations after Whitney and Evans (2010) (Act:
actinolite; Amp: amphibole; Pl: Plagioclase Aug: augite).
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Fig. 13. Alteration map and mineral zoning of Sarab 3 iron ore deposit in scale 1: 5000
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Sb-92-DDH4 (60m). Abbreviations after Whitney and Evans (2010) (Amp: Amphibole, Cal: Calcite, Aug: Augite).



u\..irb w}é}jﬁ@l&a oi-\

AMP (s o ST (g IS :Chl S 55 55 Pl e sl EEp &y Sis MS) ol 0l L3l (Whitney and Evans, 2010) 5is0 5

(J gieT

Fig. 15. Types of alteration in Sarab 3. A: Sericitic alteration, B and C: Propylitic alteration, and D: Argilllic alteration.
Abbreviations after Whitney and Evans (2010) (Pl: Plagioclase, Ms: Muscovite, Ep: Epidote, Chl: Chlorite, Ser:

Sericite, Amp: Amphibole).
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Fig. 16. Photomicrographs of the ore minerals of Sarab 3 iron ore deposit. A: First generation pyrite (Pyl) along with
magnetite, B: Melnikovity pyrites of second generation (Py2) with the colloform texture, C: Third generation pyrites
(Py3) that have been crushed due to the effect of tectonic processes, D: Fiveth generation pyrites with calcite veins, E:
Veinlets of magnetits, and F: Chalcopyrite and first-generation pyrites along with magnetite. Abbreviations after

Whitney and Evans (2010) (Mag: Magnetite, Cal: Calcite, Py: Pyrite, Po: Pyrrhotite, Ccp: Chalcopyrite).
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Fig. 17. A: Photomicrographs of 92-Sb-407 sample, first generation pyrites in the background of magnetite and calcite

veinlet in the rock, B and C: Binocular photomicrographs of 92-Sb-406 sample, first generation pyrites coexist with

magnetite and phlogopite, D: Binocular photomicrographs of 92-Sb-30 sample, 5th generation pyrites with calcite in the

magnetite background, E: hand specimen of magnetite with phlogopite and first generation pyrites, and F: hand

specimen of magnetite with calcite and 5th generation pyrites. Abbreviations after Whitney and Evans (2010) (Cal:

calcite, Mag: magnetite, Py: pyrite, Phl: phlogopite).
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Fig. 18. Mineral paragenetic sequence for the Sarab 3 ore deposit
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Fig. 19. Photographs of fluid inclusions in calcite mineral at Sarab 3 iron ore deposit, A: Liquid rich fluid inclusion
(LV) and the three phase fluid inclusion (LVHa) involving liquid phase (L), gas phase (V) and halite (Ha), sample No.
Sb-92-26, B: Rich of liquid and multiphase fluid inclusion, Sample No. Sb-92-26, C: Two phase fluid inclusion (LV)

consisting of a gas phase (V) and liquid phase (L), sample No. Sb-92-411, and D: Two phase fluid inclusion rich of
liquid (LV), sample No. Sb-92-418

Distribution of homogenization temperature in Sarab 3 mine
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Fig. 20. Homogenization temperature frequency diagram of the fluid inclusions at Sarab 3 iron ore deposit
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Table. 1. Microthermometric data of fluid inclusions in calcite mineral at Sarab 3 iron ore deposit (L=Liquid,
V=Vapour, nv=not visible, Te=T eutectic, Tmice=T melting (final) of ice, Thv-I=Temperature of homogenization to

liquid)

2 o = 1)

§ Size(um) Type (;l" é) %Ié';e vl\?; é‘i r(l;hcv)l § Size(um) Type (;I‘Ce) rf(?lé;e V;I; C/(; r(l;hcv)l
6 L+V  nv -9.8 13.79 260 6 L+V  nv nv - 170
6 L+V  nv -6.5 10.05 260 5 L+V v nv - 164
5 L+V  nv nv - 324 A 6 L+V  nv nv - 191
6 L+V  nv nv - 151 g 5 L+V  nv -2.4 4.07 162

i 6 L+V  nv nv - 160 % 5 L+V  nv nv - 169

—

< 5 L+V nv nv - 160 10 L+V nv nv - 170

§ 8 L+V  nv nv - 192 12 L+V  nv nv - 160

z 7 L+V  nv nv - 200 20 L+V  nv nv - 191
6 L+V  nv -10.8  14.79 190 10 L+V v nv - 212
7 L+V  nv -10.8  14.79 172 7 L+V v nv - 224
9 L+V  nv -10.5 14.49 175 10 L+V  nv nv - 180
7 L+V  nv nv - 190 12 L+V  nv nv - 196
6 L+V v nv - 170 14 L+V  nv nv - 200

- 5 L+V  nv nv - 173 15 L+V  nv nv - 184

—

< 5 L+V  nv -0.4 0.4 168 10 L+V  nv nv - 180

i 5 L+V  nv nv - 180 12 L+V  nv nv - 172

“ 6 L+V v nv - 155 g 15 L+V nv nv - 174
6 L+V  nv v - 162 & 14 LtV v 7.1 1079 203

- 10 L+V  nv nv - 198 @ 8 L+V  nv -9 12.95 194

-

< 5 L+V nv nv - 161 16 L+V nv -5 8.07 194

i 5 L+V  nv nv - 164 8 L+V  nv -7 10.67 203

“ 7 L+V  nv nv - 115 8 L+V  nv -7 10.67 208
7 L+V v nv - 170 8 L+V v -5.5 8.75 178

~ 7 L+V  nv -13 16.82 156 12 L+V  nv -5 8.07 199

—

<+ 7 L+V nv nv - 187 10 L+V nv -5.2 8.35 193

i 12 L+V  nv nv - 178 8 L+V v -6.5 10.05 190

s 6 L+V  nv nv - 150 17 L+V  nv -5 8.07 190
7 L+V  nv nv - 165 14 L+V  nv -7 10.67 211

12 L+V  nv -5.5 8.75 219
20 L+V  nv -5.5 8.75 220
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Table. 2. Microthermometric data of fluid inclusions in calcite mineral in sample No. Sb-92-26 (L=Liquid,
V=Vapour, Ha=Halite, nv=not visible, Tmhh=Temperature of homogenization of hydro-halite, Te=T eutectic, Tmice=T
melting (final) of ice, Thv-I=Temperature of homogenization to liquid)

Size(um) Type Te wt.%  Thva Tmnn Tmice wt.% wt.% wt.%
M yp (°C) NaCl (°C) (°O) (°O) CaCl. NaCl/(NaCl+CaCl:) NaCl+CaCl.
12 L+V -68 7.1 155 -29.4 -21.2 14.7 0.3 21.8
12 L+V -52 7.4 140 -29 -20.8 142 0.3 21.6
20 L+V -52 7.7 176 -29 -20.2 14.8 0.3 22.4
20 L+V -52 6.8 177 -27.8 -13.6 10.3 0.4 17.0
26 L+V -45 1.8 233 -28.7 -2.7 33 0.4 5.0
. Th  wt.%  Thy. . Th o o
Size(pm) Type Halite NaCl 1(°C) Size(pum) Type Halite wt.% NaCl Thva(°C)
10 L+V+Ha 170 30.5 185 15 L+V+Ha 130 29.37 182
12 L+V+Ha 157 30.1 181 15 L+V+Ha 173 30.6 199
8 L+V+Ha 83 28.26 176 20 L+V+Ha 210 31.98 208
10 L+V+Ha 156  30.07 188 12 L+V+Ha 208 31.89 175
12 L+V+Ha 165  30.34 185 16 L+V+Ha 240 33.39 229
10 L+V+Ha 171  30.53 182 16 L+V+Ha 230 32.89 175
8 L+V+Ha 165  30.34 174 12 L+V+Ha 228 32.79 180
7 L+V+Ha 155  30.04 172 36 L+V+Ha 235 33.14 179
12 7 Distribution of Salinity in Sarab 3 mine

Frequency
o]

(0.4-5) (5-10) (10-15) (15-20) (20-25) (25-30) (30-35)
Salinity (wt.2: NaCl eqv)
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Fig. 21. Salinity histogram of fluid inclusion at Sarab 3 iron ore deposit
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Fig. 22. Diagram of salinity-homogenization temperature to determine the density (Wilkinson, 2001) in Sarab 3 iron
mine. All of the fluid inclusions in this diagram are in calcite host and have boiling process.
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Fig. 23. Homogenization temperature- salinity diagram to determine metal complex (Pirajno, 2009) in Sarab 3 iron

mine
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Table. 3. The values of 5**S (relative to CDT) in pyrites contained in magnetite ore of Sarab 3 iron ore deposit

Sample ID Mineral 8%S %0 VCDT Th(°C) Fluid inclusion  $**S H2S%o
Sb-92-405  Pyrite (Stage I+ Stage V) 3.6 162-191 1.5-1.7
Sb-92-406 Pyrite (Stage I) 3 151-324 0.8-1.9
Sb-92-407 Pyrite (Stage I) 3 151-324 0.8-1.9
Sb-92-30 Pyrite (Stage V) 32 155-180 1-1.3
Sb-92-412 Pyrite (Stage V) 3.4 150-187 1.2-1.5
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Fig. 5. Microphotographs of primary and secondary ore minerals in endoskarn of the north of Kalateh Shab area with
protolith A: quartz diorite, and B: diorite porphyry with primary texture, image in XPL: Crossed Polarized Light. .
Abbreviations after Whitney and Evans (2010) (Chl: Chlorite, Ep: Epidote, Cb: Carbonate mineral, Opq: Opaque

mineral, Act: Actinolite).

do o opl 3 (Zharikov, 1970) slsces 31 & slo 4o 53
50, sl 08l ST 05l ol Lol
o omly Lo Jb gy glad plows 55,55 51 55 S5 1
g 0 sdyl dsle SO T (el 51 (glas sazes
By b Gl s 5 ST sla SLST ()5S
GO FPPS PRICIP U PGS PUPS- P g GO P IR 51 4

O bl S g slS s eds o T 0 IS5 (1S 50D

2351 ok 3 0y s Sl 83 10595 gy a3 (¥
2550 = 00 s Meinert, 1992) vl SISl
S 1 0ig st T Sk ST SO i ol (S
ad> e g3 Jols 3 d> e ol (James, 1976) S, 5

ol g b g 3T
Lol gy m 555 55 3,5 16 3LET ouig ) my 4k 5o

P00 Sl S oml oles a0 Spdy- 58 48 paza b 015 e



%4 e O 8 53 SV 5 b SIS e (6, oK ¢ i a3 s 2

(¥4 JL) F o)l VY s

CasFe;Si3012 (andradite) + 9 CO, = 9 CaCO;
(calcite) + 9 SiO, (quartz)t 2 O, + 2 Fe;04
(magnetite)

s SauSs p31) La LS il s 0,801 s
L}i’i‘)bﬁ\°ﬁ))&i)}’.)>A_AJg)b‘) g;..v-b‘)-bTA:.&B

.J;aMLiw Q‘};&nr@:b)}}):B—/\

B G155 5 LomedS (eI 5SS 50 5) I e
NS PICVRPNE| P VP SPE gt Cgyeie. -t
53 ¢l B O el i) g Sl 55 487 sl e 0ig 5 e
Ol e 4 355 o S5 sl )uST 51 2 (slal, 8

(Einaudi, 1982) s> 0l 55 &) s

Ol )3 0 gy s i o 55 Ed STy g Ll 53 5 iy g, Sisdl 5 S kil o Sy Sen g A LS S
sl 1€ PPL 3 a0, 0l 53 055 ado o 53 Loy o 53 SIS g o 5Ky Son 525 B XPL 3 CsadS
bt oS 5 3 SLEL Sl 1y o, SIS gdvaite D s XPL j3 CawMS 0,000 s gdvaibate b iy g5y Sadsl 5 S
:Act «o0,8 :Grt) Sl o uLs3| (Whitney and Evans, 2010) 35l 5 = | ol o e PPL o B 0,8l s LS

(&gl Bp o 45T

Fig. 6. A: Microphotographs of substitution of calcite and epidote on garnet and presence of actinolite in among garnets
in retrograde phase in Kalate Shab skarn in XPL, B: Microphotographs of presence of actinolite in among garnets in
retrograde phase in Kalate Shab skarn in PPL, C: Substitution of calcite and epidote on garnet with zoning in Kalate
Shab skarn in XPL, and D: Zoning garnet effect sudden changes in mineral composition in Kalate Shab skarn in PPL.
(PPL: Plane Polarized Light, XPL: Crossed Polarized Light). Abbreviations after Whitney and Evans (2010) (Grt:
garnet, Act: actinolite, Ep: epidote).
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Fig. 8. A: Presence of andradite (garnet), magnetite, quartz and calcite in north of Kalateh Shab skarn in XPL, and B:
Presence of andradite (garnet), magnetite, quartz and calcite in north of Kalateh Shab skarn in PPL. Abbreviations after
Whitney and Evans (2010) (Adr: andradite, Mag: magnetite, Qz: quartz, Cal: calcite).
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Fig. 10. A: Garnet, pyroxene (hadenbergite), magnetite, epidote and calcite in north of Kalateh Shab skarn in XPL, and
B: Garnet, pyroxene (hadenbergite), magnetite, epidote and calcite in north of Kalateh Shab skarn in PPL.
Abbreviations after Whitney and Evans (2010) (Grt: garnet, Hd: hadenbergite, Mag: magnetite, Ep: epidote, Cal:

calcite).
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Fig. 12. A: Presence of vesuvianite, garnet, pyroxene and calcite in the north of Kalateh Shab skarn in XPL, B:
Presence of vesuvianite, garnet, pyroxene and calcite in the north of Kalateh Shab skarn in PPL. Abbreviations after
Whitney and Evans (2010) (Ves:vesuvianite, Grt: garnet, px: pyroxene, Cal: calcite).
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Fig. 13. XRD analysis of vesuvianite samples in the north of Kalateh Shab skarn
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Fig. 14. A: Presence of garnets, epidote, tremolite- actinolite, chlorite, quartz and calcite represents a retrograde
metamorphism in the north of Kalateh Shab skarn in XPL, B: Presence of garnets, epidote, tremolite- actinolite,
chlorite, quartz and calcite represents a retrograde metamorphism in the north of Kalateh Shab skarn in PPL.
Abbreviations after Whitney and Evans (2010) (Grt: garnet,Ep: epidote, Tr: tremolite, Act: actinolite, Chl: chlorite, Qz:

quartz, Cal: calcite).
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Table 1. Results of microprob analysis (wt.%) of pyroxene in Kalate Shab skarn

\,5%72/1. 72/2.  72/3.  T2/4.  T2/5.
Oxides

SiO: 54.65 54.84 54.72 54.97 54.76
TiO: 0.07 0.12 0.02 0.04 0
AlOs 1.49 0.41 0.4 0.3 0.9
Cr20; 0.02 0.05 0.03 0.05 0.03
FeO 7.44 8.84 9.2 8.64 8.44
MnO 0.3 0.31 0.32 0.32 0.36
MgO 11.17 10.68 9.2 10.26 9.74
CaO 23.83 24.31 24.89 24.26 24.6
Na;0 0.41 0.35 0.26 0.21 0.25
K:O 0.01 0 0.01 0 0.01
Totals 99.41 99.92 99.11 99.07 99.11

Cations on the basis of 6 oxygens

Si 2.063 2.071 2.066 2.075 2.068
Ti 0.002 0.003 0.001 0.001 0
Al 0.066 0.018 0.018 0.013 0.04
Fe*3 0 0 0 0 0
Cr? 0.001 0.001 0.001 0.001 0.001
Fe*? 0.235 0.279 0.29 0.273 0.267
Mn 0.01 0.01 0.01 0.01 0.012
Mg 0.629 0.601 0.518 0.577 0.548
Ca 0.964 0.983 1.007 0.981 0.995
Na 0.03 0.026 0.019 0.015 0.018
Diopside 71.998  67.529 63.261 67.108 67.352

Hedenbergite 26.903  31.357 35.489 31.703 32.255
Johansonnite 1.099 1.114 1.250 1.189 1.393
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Table 2. Results of microprob analysis (wt.%) of garnet in the Kalate Shab skarn

\Oym 80/14 80/15 80/16 80/17 80/18 80/19 80/20 80/21

SiO: 37.65 37.49 37.67 37.6 38.15 37.68 39.36 37.83
TiO2 0 0.01 0.01 0 0 0 0.02 0
ALO3 0.09 0.18 0.06 0.05 0.05 0.56 231 0.02
Cr203 0 0 0 0.01 0 0 0.01 0
FeO 27.75 27.31 27.79 27.81 27.57 26.72 24.51 26.51
MnO 0.23 0.21 0.26 0.2 0.25 0.11 0.55 0.22
MgO 0 0.09 0 0 0.04 0 0 0
CaO 33.24 33.36 33.29 33.58 34.78 33.66 33.6 33.53
Na:O 0.07 0 0.03 0.02 0 0 0.02

K:0 0 0 0 0 0 0 0.01
Totals 99.03 98.66 99.11 99.27 100.84 98.73 100.43 98.12

Cations on the basis of 12 Oxygens

Si 3.360 3.352 3.359 3.349 3.342 3.353 3378 3.388
Ti 0.000 0.001 0.001 0.000 0.000 0.000  0.001 0.000

Al 0.009 0.019 0.006 0.005 0.005 0.059 0234  0.002

Cr 0.000 0.000 0.000 0.001 0.000 0.000  0.001 0.000

Fe* 0.000 0.000 0.000 0.000 0.000 0.000  0.000  0.000

Fe** 2.071 2.042 2.072 2.072 2.020 1.988 1.759 1.986

Mn 0.017 0.016 0.020 0.015 0.019 0.008  0.040  0.017

Mg 0.000 0.012 0.000 0.000 0.005 0.000  0.000  0.000

Ni 0.000 0.000 0.000 0.000 0.000 0.000  0.000  0.000

Zn 0.000 0.000 0.000 0.000 0.000 0.000  0.000  0.000

Ca 3.178 3.196 3.180 3.205 3.265 3209  3.090  3.218

Total 8.636 8.638 8.638 8.648 8.655 8618  8.503 8.611

Fe'* 1.631 1.628 1.634 1.645 1.653 1.588 1.386 1.610

Fe't = Ooif Fe' < 1.631 1.628 1.634 1.645 1.653 1.588 1.386 1.610
Fel* = ;’etsﬁl Fel = 440 0.414 0.438 0.427 0.367 0400 0373 0376

Fe3* = total Fe?" if

e > total Fe®* 1.631 1.628 1.634 1.645 1.653 1.588 1.386 1.610
2+ — ()3 3+
Fe tot;’l‘gﬁ g 0.440 0.414 0.438 0.427 0.367 0400 0373 0.376
Andradite 99.4 98.8 99.6 99.6 99.7 96.4 85.5 99.9
Grossular 0 0 0 0 0 32 12.8 0
Pyrope 0 0.5 0 0 0.2 0 0 0

Spessartine 0.6 0.6 0.4 0.3 0.1 0.3 1.6 0.1




ava e O 8 53 SV 5 b S o 6, ¢ i a3 s 2

(W48 JL) F ojles Y s

MGWMQ)&M‘KijYEMw)J:@b."JSV\?
Table 3. Results of fluid inclusions study in skarn of Kalate Shab area

(o]
Samples Th TFm Tm NaCl%wt P(Bar) P(g/cm3) dP/d(t:()bar/
133 171 - 248 -55--573 -9.5--11 13.4-14.77 7-29 0.935-0.996 15.6-19.8
80-1 187 - 240 -55--573 -8.1--9.7 11.81-13.62 11-25 0.931 -0.982 15.8-18.3
45-1 194 - 286 -55--57.4 -9.8 --10.1 12.05-14.04 25-53  0.884-0.931 13.5-15.7
b S dalae 3,80 L8 s EVLe SIS 5 5 F Jou
Table 4. Petrography of fluid inclusions in skarn of Kalate Shab area
Filling Diameter Width Length Shape Dominant Phase Group
degree pm pm pm phase
Shaped to bug
0.8-0.9 1-2 1-2 2-5 stretched, Triangular, V+L VL LV
Cone
Shaped to bug Vil Vel
0809 -2 12 -3 stretched, Triangular " ’ Lv
0.8-0.9 1-2 1-2 2-5 Amorphous and pulled V4L VL LV

L: Liquid, V: Vapour

Sl Sl (SLp i 03 gikoa ) OLs Ken slas
L /8 o3gdoes 55 58 55 SV J&s uoman (Y0 JS5)
Yari et ) (Y) JS8) 5,8 oo 513 caSeo 2 Sl rp 50

.al., 2017a

S R ]
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5 G SIS s S 555 S5 55 e sl
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Az Sl sl LSS
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Glos 4 a5 U ol 31,8 il a3 YYY . Kke slos
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NaCl ;KCl CaCly g 55 51 3 32 g0 &K gl 3 o
WIY Kl 655 U VA B VWA (o Jlw (658 5 Aiin
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Fig. 19. Frequency histogram of homogenization temperature and salinity of fluid inclusions in Kalate Shab
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Fig. 20. Temperature and salinity range of fluids inclusion in various deposits (Wilkinson, 2001) and showing points

related to the

fluid inclusion data in Kalate Shab skarn

Homogenization temperature (°C)
- E8Ed48 88

05 06 _.0F"

12
L R Rl

[} 5 10

15

20 25 30

Salinity (Wt.% NacCl equiv.)

Bodnar, 1983) g/cm™ o , Cs6WS” 0,0l L8 55 SV HLoke JEa ¥ JKS
Fig. 21. The density of inclusions in the north of Kalateh Shab skarn in g/cm-3 (Bodnar, 1983)
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Fig. 2. Outcropes of different rock units in the Qaranaz-Alamkandi area (view to the north)
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Fig. 3. Photomicrographs of minerals and texture from the serpentinized peridotites in the Qarenaz-Alamkandi area
(XPL). A: Olivine crystals within the serpentine matrix associated with small opaque minerals, B: Exsolution texture of
clinopyroxene within the orthopyroxene, C: Cumulate texture of periditites where clinopyroxene and orthopyroxene are
together and have disseminated of opaque minerals, D: Corona texture of orthopyroxene which replaced by serpentine.
In some cases, there are iron oxide minerals and vein-veinlets of calcite in the picture, E and F: Calcic alteration in the
lherzolite which clinopyroxene replaced by calcite, G: Serpentinization of olivine in the lherzolite, and H: Lenzoid
texture (mylonitization) of opaque minerals whithin the sepentinite. Abbreviations after Whitney and Evans (2010)
(Cal: Calcite, Cpx: Clinopyroxene, Fe-Ox: Iron Oxide, Ol: Olivine, Opq: Opaque Minerals, Opx: Orthopyroxene, Srp:
Serpentine).
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Fig. 4. Photographs of chromite mineralization in the Qarenaz-Alamkandi area. A: Lenzoid shape of (the area with
black color) within the harzburgite host rock, B: vein- veinltes of chromite (the area with black color) within the
peridotite host rock, and C: Disseminated texture of chromite (the area with black color) within the serpentinized dunite
host rock
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Fig. 5. Photomicrographs of chromite textures in Qaranaz-Alamkandi chromite deposit. A: Massive and anhedral
chromite, B: Disseminated chromite which formed in the serpentinized host rock, C: Massive chromite which
brecciated by the deformation affects and show cataclastic texture, and D: Coarse-grain of chrome spinel crystal that
has been observed in Gharenaz-Alamkandi chromite samples. Abbreviations after Whitney and Evans (2010) (Cr:
Chromite, Cr-spl: Chome Spinel, Srp: serpentine).
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Fig. 6. Backscattered scanning electron microscopy (BSE) images of minerals in chromite Qarnaz-Alamkandi deposit.

Disseminated magnetites and occurrence of ilmenite as exsolution within the magnetite. Abbreviations after Whitney
and Evans (2010) (Ilm: Ilmenite, Mag: Magnetite).
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Fig. 7. A: Diagram of nickel presence in the chromite mineralization of Qarenaz- Alamkandi area, and B: Occurrence of
nickel within chrome spinel in the BSE image. Abbreviations after Whitney and Evans (2010) (Cr-Spl: Chrome Spinel,
Ni: Nckel).
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Fig. 8. A and B: Occurrence of gold and galena as inclusion within the chromite in the Gharenaz- Alamkandi area. C:
Diagram of gold in chromite mineralization in the Gharenaz- Alamkandi area. Abbreviations after Whitney and Evans
(2010) (Au: Gold, Cr: Chromite, Gn: Galena).
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Table 1. Results of electrone microprobe analysis of chromite minerals in the Qarenaz- Alamkandi area. Values in
percent.

Position Core

1/Q23-P2 2/Q23-P2 3/Q23-P2 4/Q23-P2 14/Q23-P2 15/Q23-P2

Sample Name

SiO2 0.07 0.17 0.06 0.12 0.07 0.17
TiO2 0.2 0.18 0.15 0.17 0.15 0.12
ALO3 10.33 11.08 10.61 10.72 10.05 8.65
FeO 15.99 15.83 16.58 15.86 17.35 18.24
MnO 1.27 1.23 1.2 1.23 1.37 1.49
MgO 13.68 14.02 13.94 13.99 13.46 13.23
CaO 0.02 0 0 0.03 0.02 0
NiO 0.82 0.38 0.11 0.75 0.5 0.47
Na:0 0.05 0.03 0 0.02 0.01 0.06
K>O 0 0.02 0.01 0 0 0
P20s 0 0 0 0 0 0
Cr20s 57.22 57.16 56.33 55.97 55.76 56.44
V203 0.06 0.07 0.08 0.1 0.09 0.07
Total 99.71 100.17 99.07 98.96 98.83 98.94
Number of ions on the basis of 32 oxygens
Cr 11.7319 11.5637 11.5003 11.4928 11.5076 11.7206
Fe(iii) 0.9841 0.9242 1.1648 1.0762 1.2863 1.4503
Fe(ii) 2.4835 2.4631 2.4154 2.3683 2.5010 2.5560
Mg 5.2892 5.3485 5.3668 5.4171 5.2383 5.1809
Mn 0.2789 0.2666 0.2624 0.2706 0.3029 0.3315
Al 3.1572 3.3414 3.2290 3.2813 3.0918 2.6777
Si 0.0182 0.0435 0.0155 0.0312 0.0183 0.0447
Ti 0.0390 0.0346 0.0291 0.0332 0.0295 0.0237
\4 0.0125 0.0144 0.0166 0.0208 0.0188 0.0147
Ca 0.0056 0.0000 0.0000 0.0083 0.0056 0.0000
Zn 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Cr/Cr+Al 0.788 0.776 0.781 0.778 0.788 0.814
Mg/Mg+Fe(ii) 0.680 0.685 0.690 0.696 0.677 0.670
Fe/Fe+Mg 0.396 0.388 0.400 0.389 0.420 0.436
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Table 1 (Continued). Results of electrone microprobe analysis of chromite minerals in the Qarenaz- Alamkandi area.

Values in percent.

Position

Sample Name

17/Q21-P2  18/Q21-P2

19/Q21-P2  24/Q21-P2 25/Q21-P2 28/Q21-P2

SiO:
TiO:
ALO3
FeO
MnO
MgO
CaO
NiO
Na.O
KO
P20s
Cr20;
V203
Total

Cr
Fe(iii)
Fe(ii)

Mg

Mn

Al

Si

Ti

A\

Ca

Zn

Cr/Cr+Al
Mg/Mg+Fe(ii)
Fe/Fe+tMg

0.07
0.18
10.67
16.56
1.1
13.64
0.02
0.33
0.05

0.03
56.27
0.07
98.99

11.5476
1.0670
2.5274
5.2785
0.2418
3.2641
0.0182
0.0351
0.0146
0.0056
0.0000
0.780
0.676
0.405

0.12
0.17
10.76
16.83
1.06
13.73
0.01
0.8
0.01
0.01
0
56.26
0.06
99.82

Number of ions on the basis of 32 oxygens

11.4899
1.0938
2.5416
5.2877
0.2319
3.2758
0.0310
0.0330
0.0124
0.0028
0.0000
0.778
0.675
0.407

0.09
0.18
11.04
16.56
1.04
14.02
0.03
0
0.03
0.02
0.03
56.37
0.06
99.47

11.4378
1.0949
2.4591
5.3644
0.2261
3.3393
0.0231
0.0347
0.0123
0.0082
0.0000
0.774
0.686
0.398

0.32
0.17
9.71
18.35
1.09
12.13
0.02
0.38
0
0
0
56.44
0.06
98.67

11.7768
0.9538
3.0960
4.7729
0.2436
3.0203
0.0845
0.0337
0.0127
0.0057
0.0000
0.796
0.607
0.459

0.02
0.18
9.41
17.79
1.23
11.61
0.01
0.05
0
0
0.03
57.84
0.09
98.26

12.1559
0.7942
3.1603
4.6012
0.2769
2.9481
0.0053
0.0360
0.0192
0.0028
0.0000
0.805
0.593
0.462

0.17
0.2
10.9
16.2
0.87
13.79
0
0.55
0.03
0.02
0.05
57.78
0.09
100.65

11.6928
0.8365
2.6310
5.2624
0.1886
3.2882
0.0435
0.0385
0.0185
0.0000
0.0000
0.781
0.667
0.397
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Table 1 (Continued). Results of electrone microprobe analysis of chromite minerals in the Qarenaz- Alamkandi area.

Values in percent.

Position

Core

Sample Name

29/Q21-P2 30/Q21-P2 31/Q21-P2 32/Q21-P2 33/Q21-P2 34/Q21-P2

SiO,
Ti0,
AlLO3
FeO
MnO
MgO
CaO
NiO
Na,O
K>,O
P,0s
Cr203
V203
Total

Cr
Fe(iii)
Fe(ii)

Mg

Mn

Al

Si

Ti

v

Ca

Zn

Cr/Cr+Al

Mg/Mg+Fe(ii)

Fe/FetMg

0.07
0.19
10.83
16.32
0.93
12.79

59.19
0.08
100.44

12.0324
0.5597
2.9493
4.9029
0.2025
3.2819
0.0180
0.0367
0.0165
0.0000
0.0000
0.786
0.624
0.417

0.07
0.19
10.75
16.81
0.94
13.87
0.01
0.61
0
0
0
57.44
0.11
100.8

11.6039

1.0274
2.5644
5.2838
0.2034
3.2373
0.0179
0.0365
0.0225
0.0027
0.0000
0.782
0.673
0.405

0.05
0.14
10.16
16.94
0.9
13.22
0
0.96
0.03
0
0.01
56.66
0.08
99.15

11.7335
1.0319
2.6785
5.1625
0.1997
3.1364
0.0131
0.0276
0.0168
0.0000
0.0000
0.789
0.658
0.418

0.11
0.19
9.9
16.89
1.03
13.61
0.01
0.3
0.03
0
0
58.61
0.07
100.75

Number of ions on the basis of 32 oxygens

11.8799
0.9847
2.6363
5.2021
0.2237
2.9913
0.0282
0.0366
0.0144
0.0027
0.0000
0.799
0.664
0.410

0.07
0.16
11.11
16.28
0.88
13.98
0.01
0.26
0.01
0
0
57.76
0.07
100.59

11.6323
0.9211
2.5467
5.3092
0.1899
3.3353
0.0178
0.0307
0.0143
0.0027
0.0000
0.777
0.676
0.395

0.11
0.17
10.09
16.24
0.89
13.21
0.03
0.31
0
0.01
0.01
59.62
0.09
100.78

12.1123
0.6912
2.7984
5.0608
0.1937
3.0557
0.0283
0.0329
0.0185
0.0083
0.0000
0.799
0.644
0.408
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Table 1 (Continued). Results of electrone microprobe analysis of chromite minerals in the Qarenaz- Alamkandi area.

Values in percent.

Position

Core

Sample Name

5/Q23-P2 6/Q23-P2 7/Q23-P2 8/Q23-P2 35/Q21-P2 36/Q21-P2

SiO2
TiO:
ALO3
FeO
MnO
MgO
CaO
NiO
NaO
K:0
P20s
Cr20s
V203
Total

Fe(iii)
Fe(ii)
Mg
Mn
Al
Si
Ti
v
Ca
Zn
Cr/Cr+Al
Mg/Mg+Fe(ii)
Fe/Fe+Mg

0.07
0.17
9.14
17.85
1.27
13.48
0.03
0.03
0.02
0
0
57.83
0.08
99.97

Number of ions on the basis of 32 oxygens

11.7644

11.8134
1.2845
2.5722
5.1927
0.2779
2.7833
0.0181
0.0330
0.0166
0.0083
0.0000

0.809
0.669
0.426

0.04
0.15
9.47
17.02
1.32
13.76
0.02
0.5
0.01
0
0
57.48
0.08
99.85

1.2506
2.4339
5.3107
0.2894
2.8893
0.0104
0.0292
0.0166
0.0055
0.0000
0.803
0.686
0.410

0.05
0.16
10.89
16.37
1.24
13.81
0.05
0.34
0.02
0.03
0.01
56.3
0.11
99.38

11.4885
1.0882
2.4450
5.3141
0.2711
3.3126
0.0129
0.0311
0.0228
0.0138
0.0000

0.776
0.685
0.399

0.08
0.15
10.49
16.24
1.25
13.94
0.02
0
0.01
0
0.04
56.39
0.09
98.7

11.5482
1.1309
2.3868
5.3834
0.2742
3.2024
0.0207
0.0292
0.0187
0.0056
0.0000

0.783
0.693
0.395

0.01
0.2
11.07
16.01
0.96
13.94
0
0.36
0.07
0
0.02
57.69
0.11
100.44

11.6589
0.9016
2.5207
5.3125
0.2078
3.3350
0.0026
0.0385
0.0225
0.0000
0.0000
0.778
0.678
0.392

0.09
0.14
9.24
16.09
1.03
12.87
0
0.37

0.02
60.82
0.04
100.71

12.4469
0.6248
2.8580
4.9668
0.2258
2.8189
0.0233
0.0273
0.0083
0.0000
0.0000
0.815
0.635
0.412
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Table 1 (Continued). Results of electrone microprobe analysis of chromite minerals in the Qarenaz- Alamkandi area.
Values in percent.

Position Rim

Sample Name 9/Q23-P2 10/Q23-P2 11/Q23-P2 12/Q23-P2 13/Q23-P2 16 /Q23-P2

SiO: 0.45 0.72 0.04 0.14 0.04 6.81
TiO: 0.28 0.14 0.21 0.21 0.2 0.12
ALO3 333 22 5.99 5.89 5.63 3.74
FeO 26.42 24.62 23.74 24.08 24.03 20.3
MnO 1.41 1.18 1.32 1.38 1.37 1.53
MgO 8.32 13.04 11.54 10.62 10.37 14.97
CaO 0.95 0.14 0.01 0 0 0.14
NiO 0.98 0.25 0.42 0.96 0.45 0.16
Na:0 0.01 0.01 0 0.06 0 0.05
K:0 0 0.01 0 0 0.01 0
P»0s 0 0 0 0.01 0 0.02
Cr20; 56.85 56.77 57.32 57.21 56.22 50.43
V203 0.12 0.08 0.15 0.1 0.13 0.09
Total 99.12 99.16 100.74 100.66 98.45 98.36

Number of ions on the basis of 32 oxygens

Cr 12.4942 12.0298 11.9676 12.1034 12.1094 10.4021
Fe(iii) 2.0208 2.8156 2.0318 1.8581 1.9507 0.8285
Fe(ii) 4.1206 2.7024 3.2107 3.5301 3.5237 3.6003

Mg 3.4481 5.2107 4.5435 4.2368 4.2120 5.8228

Mn 0.3320 0.2679 0.2952 0.3128 0.3161 0.3381

Al 1.0910 0.6949 1.8643 1.8575 1.8077 1.1500

Si 0.1251 0.1930 0.0106 0.0375 0.0109 1.7768

Ti 0.0585 0.0282 0.0417 0.0423 0.0410 0.0235

\4 0.0267 0.0172 0.0318 0.0215 0.0284 0.0188

Ca 0.2829 0.0402 0.0028 0.0000 0.0000 0.0391

Zn 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Cr/Cr+Al 0.920 0.945 0.865 0.867 0.870 0.900
Mg/Mg+Fe(ii) 0.456 0.658 0.586 0.545 0.544 0.618

Fe/Fe+Mg 0.640 0.514 0.536 0.560 0.565 0.432
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Table 1 (Continued). Results of electrone microprobe analysis of chromite minerals in the Qarenaz- Alamkandi area.

Values in percent.

Position

Sample Name

20/Q21-P2  21/Q21-P2 22/Q21-P2 23/Q21-P2 26/Q21-P2 27/Q21-P2

SiO:
TiO:
ALO3
FeO
MnO
MgO
CaO
NiO
Na20
K0
P20s
Cr20;3
V203
Total

Cr
Fe(iii)
Fe(ii)

Mg

Mn

Al

Zn
Cr/Cr+Al
Mg/Mg+Fe(ii)
Fe/Fet+Mg

0.08
0.16
9.47
17.16
1.15
133
0.03
0.93
0.04

58.58
0.09
100.99

11.9608
1.0348
2.6711
5.1208
0.2515
2.8823
0.0207
0.0311
0.0186
0.0083
0.0000
0.806
0.657
0.420

0
0.21
10.99
16.84
1.06
14.18
0.02
0.54
0.03
0
0.02
56.64
0.08
100.61

Number of ions on the basis of 32 oxygens

11.4215
1.1780
2.4137
5.3921
0.2290
3.3036
0.0000
0.0403
0.0164
0.0055
0.0000
0.776
0.691
0.400

0.08
0.18
10.64
16.96
1.11
13.68
0.01
0.8
0.02
0
0
56.32
0.06
99.86

11.5084
1.1269
2.5386
5.2713
0.2430
3.2410
0.0207
0.0350
0.0124
0.0028
0.0000
0.780
0.675
0.410

0
0.13
10.03
16.59
1.27
13.87
0.02
0.38
0.05
0
0
56.94
0.07
99.35

11.6625
1.2100
2.3840
5.3571
0.2787
3.0624
0.0000
0.0253
0.0145
0.0056
0.0000
0.792
0.692
0.402

0.11
0.16
10.91
17
1.24
13.71
0.01
0.57
0.03

0.01
55.46
0.07
99.28

11.3510
1.1866
2.4936
52914
0.2719
3.3286
0.0285
0.0312
0.0145
0.0028
0.0000
0.773
0.680
0.410

0.09
0.18
10.77
17.75
1.29
13.74
0.02
0.56
0.01
0
0
54.86
0.06
99.33

11.2194
1.3682
24713
5.2989
0.2826
3.2833
0.0233
0.0350
0.0124
0.0055
0.0000
0.774
0.682
0.420
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Fig. 10. A: Image of analyzed point from chrome spinel sample of Qarenaz- Alamkandi area, B: Diagram of all oxides
from point of 9 to 16 in the sample Q-23, C, D, E, F, and G: diagrams of major oxide elements such as Cr,Os, FeO,
Al,O3, MgO and SiO; in the center and rims of chromite. Abbreviations after Whitney and Evans (2010) (Cr-Spl:
Chrome Spinel).
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Fig. 11. A: Image of analyzed point from chrome spinel sample of Qarenaz- Alamkandi area, B: Diagram of all oxides
from point of 5 to 8 in the sample Q-23, C, D, E, F, and G: diagrams of major oxide elements such as Cr,Os, FeO,
Al,O3, MgO and MnO in the center and rims of chromite. Abbreviations after Whitney and Evans (2010) (Cr-Spl:
Chrome Spinel).
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Fig. 12. A: Image of analyzed point from chrome spinel sample of Qarenaz- Alamkandi area, B: Diagram of all oxides
from point of 24 to 27 in the sample Q-21, C, D, E, F, and G: diagrams of major oxide elements such as Cr,Os, FeO,
Al,O3, MgO and MnO in the center and rims of chromite. Abbreviations after Whitney and Evans (2010) (Cr-Spl:
Chrome Spinel).
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Fig. 3. Geological map of Malayer-Isfahan metallogenic belt (Rajabi et al., 2012).
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Table 1. Major Cretaceous-hosted Zn—Pb deposits of Malayer-Isfahan Zone (Momenzadeh et al., 1979¢ Rajabi et al.,

2012).
eposits Irankuh
\Fe%z\ Ahangaran Emarat Mining district Muchan
) ) Carbonate rock )
Host rock Dolomite, Sandstone Limestone, Shale Limestone
Host rock age
Early cretaceous Early cretaceous Early cretaceous Early cretaceous
Alteration Dolomite, Silica Silica, Dolomite Dolomite, Silica Silica, Dolomite
Mineralization Galena, Pyrite, Sohalerite. Gal
(Main) Chalcopyrite, pha erlte., alena, Sphalerite, Galena, Sphalerite, Galena,
. Pyrite, . . . .
Pyrrhotite, . Pyrite, Marcasite Pyrite, Chalcopyrite
. Chalcopyrite
Hematite
Mineralization Sohaleri Calci Dolomite. Ankeri
(Secondary) pha er}te, Quartz, g cite, olomite, An erlte, Baryte, Calcite,
Marcasite, Dolomite, Quartz, Iron oxide Dolomite. Hematite
Chalcocite, Magnetite Hematite and manganese ’
Metal elements Pb, Zn, Ag, Fe Pb, Zn Pb, Zn, Ag, Fe Pb, Zn
Mineralization (Stratiform)
style Stratiform Stratiband Epigenetics, in faults Stratiband
Size (Mt) 1.52 10 20 0.1
(Pb=3.7%) (Pb=6%, Zn=2.2%) (Pb=11%, Zn=2.5%)  (Pb=7%, Zn=1.7%)
000 Normal Q-Q Plot of Zn_ppm - Normal Q-Q Plot of Pb_ppm
° ® e *° . ”
s ° 400 o
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@ @
= S
o ™ 0
> >
g g
g o :
g 2
g g
lﬁ I.r: o
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Fig. 4. Q-Q diagrams are geochemical raw data of Pb and Zn metals in Malayer-Isfahan zone representing several

geochemical populations.
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Table 2. Calculation of statistical parameters for Pb and Zn metals in the Malayer-Esfahan zone

Metals Min Max Mean

Median ¢? c

Pb (ppm) 0.62 8930  31.39
Zn(ppm) 0.66 36114  100.70

20 121.95 14874
80.23 352.73 124421.57

Hassanpour and Afzal, ) 5 8 L 3 4w 5ldis Ol geay
LT slaad 3o 5 YU 53 ou sl o 4 4> 5 1, (2013
S (sl i 3l ol g el SIS cod Sl
N3l 5 Sl eslil L Qlghol 0o Ay 087 55 (555 5 &
Mehrnia, ) ' . Sae 05 as 23055 <SS 5 ArcGIS

Asplesil O IS 5ilke 2016

el G s Y ) ol laad 5o acwlous 51 uy
S (sl slomn Ol 5 ik 5l in o b 55
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1) 0T Olg oo 45" Sl Ve o/Ve PPM 35, 5 ¥V/AY ppm

Olgdob Mo i 53 535 5 o 3 (5ly (SIS LT Jlne 3l omil 5 80l Jlkin oy (g lomd 55 ol Sk ' S92

Table 3. Geochemical communities divided by mean and standard deviation (classical statistics) for Pb and Zn metals in

the Malayer-Isfahan zone

Metal Background Threshold Possible anomaly Probable Definitive anomaly
anomaly
Min-Mean= Mean+SDEV= Meant2SDEV=  Mean+3SDEV=
>
Pb (ppm) 31.39 153.35 275.30 397.26 =397.26
Min-Mean= Mean+SDEV= Meant2SDEV=  Mean+3SDEV=
>
Zn (ppm) 100.70 435.44 806.176 1158.91 =1159.91

1. Inverse Distance Weighted (IDW)
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Fig. S. Distribution map of geochemical communities of Pb and Zn metals based on classical statistical method in the

Malayer-Isfahan zone
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Fig. 6. Distribution map of geochemical communities of Pb and Zn metals based on classical statistical method MAD in

the Malayer-Isfahan zone
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Table 4. Division of geochemical communities based on the MAD method in the Malayer-Isfahan zone

Metal Background

Threshold

Anomaly

Pb (ppm) MAD =53.83

Median + 2MAD = 127.66 Median + 3MAD = 181.49

Zn (ppm) MAD = 180.14 Median + 2MAD = 440.53 Median + 3MAD = 620.68
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Fig. 7. Logarithmic graph concentration-number (C-N) of Pb and Zn metals in the Malayer-Isfahan zone
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Table 5. Separation of geochemical anomalies from background of Pb and Zn metals based on concentration-number (C-
N) fractal method in the Malayer-Isfahan zone

Metal Concentration range (C-N) Geochemical interpretation
25.11-79.43 Background

Pb (ppm) 223.87-562.34 Medium anomaly
562.34-891.25 High anomaly
891.25 > Strong anomaly
56.23-112.20 Background

Zn (ppm) 112.20-501.18 Medium anomaly
501.18-794.32 High anomaly
794.32 > Strong anomaly
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Fig. 8. Distribution map of geochemical communities of Pb and Zn metals based on concentration-number (C-N) fractal
in the Malayer-Isfahan zone
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Table 6. Determination of the threshold of Pb and Zn metals based on concentration-number (C-A) fractal method in the

the Malayer-Isfahan zone

Metal Concentration range (C-A) Geochemical interpretation
25.11-50.11 Background
50.11-89.12 Medium anomaly

Pb (ppm)
89.12-141.25 High anomaly
141.25> Strong anomaly
63.09-177.82 Background
177.82-316.22 Medium anomaly

Zn (ppm)

316.22-446.68

446.68 >

High anomaly

Strong anomaly




olasl il e

OHSKan 5 (6

300000 400900 SWPD
£ -y — —-Ahangaran
z Kolahghaei
Emarat, Lekan,
Muchan
= — Shamsabad
~Khanabad
= Darrchnoghreh
E' SKalehpevghamhbar
"
Dardahaneh
Vejin
Anjireh-Tiran
2| Legend g
27 =T
| Zn-Ibdeposits gE
: 52
Faults g
PR J =
== Limestone, Cretacecus =
n
2| (C-4)
31 01 0.66-63.09
B0 63.09-177.82
[ 177.82-316.22
B 31622 - 446.68
B 446.68 - 36114
£ 0 30 60 120 Kilometers &
| S S e S e | :
SI'II'I.IIIII IDD'ﬂDn SI'II'I.I'IW ﬂl‘l‘l‘lﬂ

3810000

3a|9m

2630000

:m:lnom

3450000

3450000

3720000

3540000

354?060

aATI0000

300000
1

500000
1

Ahangaran

— Kolahghazi

Vishan, Tekiveh Emarat, Lekan,
Muchan

Shamsabad
Khanahad
Darrehnoghreh

3810000

3720000

Salehpeyghambar

&~ Dardahanch

Vejin

Anjireh-Tiran
Legend
® Zn-Pb deposits

Faults

== Limestone, {retaceons

Ph

(C-A)

) 0.62-2511

@ 25.11-50.11
50,11 -89.12

@ #9.02-141.25

W 141.25 - 8930

1S
Sty ynyue sy

ISP

o k]

3450000

¥ 1 T

g
300000 400000

UL@""’"‘_JiM"%JJ‘Z"L““_JL:‘;JSJSJZ})JL”‘J’G}JJUﬂo‘ﬁ&w‘;j C."’ G)}}'A.&j.l.\’ “}::J
Fig. 10. Distribution map of geochemical communities of Pb and Zn metals based on concentration-area (C-A) fractal in

the Malayer-Isfahan zone
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Table 7. Percentages of the known Zn-Pb deposits outside the anomalies determined by different methods in the Malayer-

Isfahan zone

Metal Mean+nc MAD C-N C-A SI
Threshold value 1532 (ppm) 127.6 (ppm) 223.8 (ppm)  89.1 (ppm) a2
Deposits ouside anomalies (Total 107
Zn-Pb deposits = 173) 128 140 138 79
Percentage of deposits outside
anomalies 62% 74% 81% 80% 45%
Deposits inside anomalies (Total 66
Pb Zn-Pb deposits = 173) 4 33 35 4
Percentage of deposits inside
anomalies 38% 26% 19% 20% 55%
Percentage of anomalies
16% 4% 3.06% 5.27% 70%
Percentage of background 84% 96% 96.94% 94.73% 30%
Threshold value 4354 (PPM) 440.5(PPM) 501.1 (PPM) 316.2(PPM) )o(2
Deposits ouside anomalies (Total
Zn-Pb deposits = 173) 110 160 167 159 ]1
Percentage of deposits outside 63%
anomalies ° 92% 96% 92% 47%
Deposits inside anomalies (Total
Zn Zn-Pb deposits = 173) 63 13 6 14 92
Percentage of deposits inside
anomalies 37% 8% 4% 8% 53%
Percentage of anomalies o o o o o
7% 2.7% 1.5% 3.1% 71%
Percentage of background 93% 97.3% 98.5% 96.9% 29%
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process for fractal/multifractal modeling of
geochemical data (Zuo et al., 2015). This technique
is defined as the characterization of the anomalous
behavior of singular physical processes that often
result in anomalous amounts of energy release or
material accumulation within a narrow spatial—
temporal interval. The Singularity can be estimated
from observed element concentration within small
neighborhoods based on the following equation
(Cheng, 2007):

(HX=c-e%E

The Singularity Index is a powerful tool to identify
weak anomalies, but it is influenced by the
selection of the window size. (Zuo et al., 2015).

Results and Discussion

In this study, a total of 19946 stream sediment
geochemical samples were analyzed using the
ICP-MS and XRF methods. In the maps derived
from the Singularity Index (SI) the higher
accuracy of this method compared to other
applied methods was employed. Therefore, the
hidden and weak anomalies are better represented,
and a better overlap with limestone as the major
host rock of Pb and Zn deposits (MVT type) in the
study area were observed. A comparison among
all of the applied methods indicates that the
concentration of Pb and Zn increased toward the
and south east and northwest parts, respectively.
In these regions there is a high potential for the
occurrence of promising mining areas. Moreover,
the obtained Pb and Zn anomalies have a good
correlation with the exposure of limestone in the
study area.
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Introduction

Separation of geochemical anomalies from the
background has always been a major concern of
exploration geochemistry. The search for methods
that can make this analysis quantitative and
objective aims not only at the reduction of but also
at providing an automatic routine in exploration,
assisting the interpretation and production of
geochemical maps (Nazarpour et al., 2015). The
Malayer-Isfahan metallogenic belt with the north-
west-south-east trend is the largest and most
important Pb-Zn belt of MVT type in Iran (Rajabi
et al., 2012). In this study, separation of Pb and Zn
geochemical anomalies was performed using the
methods named further in the study area.

Materials and methods

1. Classical statistics

Various statistical methods have been used to
process geochemical data in order to determine
threshold values. Statistical quantities, such as the
mean, standard deviation (SDEV) and percentiles,
have been used to define thresholds for separating
anomalies form the background. For example,
geochemical anomalies have been defined as
values greater than a threshold value defined as the
75th or 85th percentile, and Mean+SDEV or
Mean+nSDEV (Nazarpour et al., 2015).

The boxplot and median+2MAD techniques of the
EDA approach have been widely used to separate
geochemical anomalies from the background. In
exploratory data analysis (EDA) of geochemical

exploration data, the median+t2MAD value was
originally used to identify extreme values and serve
as a threshold for further inspection of large data

sets (Carranza, 2009). The MAD ( [|Xi—

median (Xi)|]) is the median of absolute
deviations of individual dataset values (Xi) from
the median of all dataset values (Tukey, 1977).

2. Multifractal models

Fractal and multifractal models have also been
applied to separate anomalies from background
values. These methods are gradually being adopted
as effective and efficient means to analyze spatial
structures in metallic geochemical systems (Cheng
et al.,, 1994). The concentration-number (C-N),
concentration-area (C-A) multifractal methods
have been used for delineation and description of
relations among mineralogical, geochemical and
geological features based on surface and
subsurface data (Nazarpour et al, 2015).
Fractal/multi-fractal models consist of frequency
distribution and spatial self-similar or self-affine
characteristics of geochemical variables. These
fractal/multifractal models have been
demonstrated to be effective tools for decomposing
geological complexes and mixed geochemical
populations and to recognize weak geochemical
anomalies hidden within strong geochemical
background (Cheng et al., 1994).

3. Singularity Index (SI)
The Singularity technique is another important
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composition. The composition of clinopyroxenes is
similar to those of boninites and arc related
magmas. This result and the given fact of the low
contents of TiO; and high contents of SiO; in the
structural formula of the pyroxenes suggest that the
pyroxenes of the study area are comparable with
those from the subduction tectonic settings.
Chromite mineralization in the Qaranaz-
Alamkandi area has occurred within the ultramafic
rocks with serpentinized harzburgite and
serpentinite composition. Due to the limited
expansion of the peridotitic host rocks, chromite
mineralization is also limited and it has occurred as
lenses with maximum length up to two meters and
one meter width. Chromite mineralization has
occurred as massive, disseminated, lenzoid and
vein- veinlets form in this area.

Mineral chemistry of Chrome spinels from the
Qaranaz-Alamkandi area indicate that the chromite
samples plot within the ophiolite complexes and
high- magnesium chromite field (Leblanc and
Nicolas, 1992), which classifies them as podiform
chromite deposits in terms of mineralization type
(Arai et al., 2004).

Chromite mineralization in the Qaranaz-
Alamkandi area indicates an Alpine type deposit
which is enriched in Cr and Mg and depleted in Ti.
The Qaranaz-Alamkandi chromite mineralization
has been formed from boninitic magmas which
were derived from the subduction process in a
supra-subduction zone and fore-arc tectonic
settings (Ahrabian, 2018).
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Introduction Malek Ghasemi and Karimzadeh
Somarin (2005) reported that Chromite deposits in
Iran occur in Paleozoic and Mesozoic ophiolite
complexes in association with serpentinite and
serpentinized peridotites and dunites (Ghazi et al.,
2004; Shafaii Moghadam and Stern, 2014). There
are more than 74 chromite deposits that have been
explored in these complexes and they are mainly of
alpine-type (Ghorbani, 2013). These ophiolite
complexes are part of the Tethyan belts which link
to other Asian ophiolite belts such as Pakistan and
Tibet in the east as well as ophiolites in the
Mediterranean region such as Turkey, Troodos,
Greek, and east Europe in the west (Yaghoubpur
and Hassannejhad, 2006; Hassanipak and Ghazi,
2000).

New data in the current research study are used to
infer the geology, mineralization, mineralogy,
mineral chemistry and origin of the Qaranaz-
Alamkandi chromite.

Materials and methods

After preparing 72 samples from the study area,
microscopic studies were carried out on 18 thin
sections and 23 polished-thin sections for
recognition of the microscopic features of the host
rock as well as the mineralogy and texture of the
ore body. Then, two chromite samples were
analyzed at the Iran Mineral Processing Research
Center, Karaj, Iran using electron microprobe and
scanning electron microscope (SEM) methods.

Discussion and Results

The Qaranaz-Alamkandi chromite occurrence is
located in the west of the Zanjan province and in
the northern part of the Sanandaj-Sirjan zone. This
area is composed of ultramafic sequences
associated with Precambrian metamorphosed rocks
such as amphibolite, marble, granitic gneiss and
schist.

According to petrographic studies rock units in the
Qranaz-Alamkandi area consist of serpentinized
harzburgite, serpentinized lherzolite, serpentinized
dunite, serpentinite, amphibolite, amphibole schist,
gneissic granite and mica shcist. This study show
that the peridotitic rocks in this region include
dunite, harzburgite and lherzolite. Olivine,
orthopyroxene  and  lesser  amounts  of
clinopyroxene associated with secondary minerals
(such as serpentine, chlorite and calcite) and
opaque minerals (chromite and magnetite) are the
main minerals in peridotites.

Mineral chemistry of olivines in the peridotites
shows magnesium rich olivine with forsterite
composition, slightly tending to chrysolite. The
composition of olivines falls in the olivine spinel
mantle array. Moreover, the olivines of dunites are
comparable with those from the oceanic supra-
subduction zone peridotites.

Clinopyroxenes and orthopyroxenes are Fe-Mg-Ca
rich. Furthermore, clinopyroxenes show augite
composition and are mainly of the calcium-
magnesium type. Orthopyroxenes show mainly
bronzite and minor samples showing hypersthene
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diorite, porphyritic quartz diorite and porphyritic
diorite. Skarnification has occurred as exo skarn
with pyroxene, garnet, idocrase, epidote and
magnetite minerals. Pyroxenes are diopside-
hedenbergite type and garnets are andradite based
on EPMA and XRD analyses. Micro thermometric
data in the Kalate Shab skarn show temperatures
ranging from 171 to 286 ° C and salinity from
11.81 to 14.77%. Petrological studies show that the
magnetite formation has occurred in the final stage
of skarnification.
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Introduction

Extensive Eocene—Oligocene magmatic rocks in
the Lut-Sistan region, eastern Iran crop out as a
huge magmatic province (Pang et al.,, 2013).
Skarnification in Paleocene- Eocene limestones in
the Sistan suture zone is very popular (e.g. Nakhaei
etal., 2013; Nakhaei et al., 2015; Zarrinkoub et al.,
2011) and the Kalate Shab skarn is one of them.
Geological and geochemical studies and the results
of magnetic measurements in the area of interest
and its applicability in exploration of other
potential iron deposits in the neighboring areas
(Saadat, 2016) are of interest. Metamorphic (the
Siah Kamar Skarn) edge of the Mount Rigi
granitoid intrusion is calcium type (Biabangard et
al., 2015). This skarn is located 105 kilometers east
of Sarbisheh, north of the Kalate Shab village. This
area is a part of 1: 100,000 geological map of
Mabhirud (Guillou et al., 1981), with 60° 31' to 60°
35' longitudes, and 32° 21' to 32° 26' latitudes, in
the southern Khorasan province (Figure 1), and in
the northern part of the Sistan suture zone (Tirrul et
al., 1983) in the east of Iran. The Sistan suture zone
represents a deformed accretionary prism that was
emplaced during the destruction of a small
Neotethyan ocean basin, referred to as the Sistan
Ocean, which once separated the Lut and Afghan
continental blocks from each other (Tirrul et al.,
1983). Late Cretaceous adakitic granodiorites and
Early Eocene A-type granites have been emplaced

in the suture (Zarrinkoub et al., 2012). This was

followed by widespread Eocene—Oligocene calc-
alkaline volcanic activity in the suture zone and to
the west in the Lut block (Pang et al., 2013).
Oligomiocene intrusive and sub volcanic bodies

(Guillou et al., 1981) have intruded into the
sedimentary units and caused skarnification in the
north of the Kalate Shab.

Materials and methods

This study was done based on 140 thin sections, 1
polished section and 5 polished thin sections with
3 XRD analysis at the University of Birjand
laboratory. 3 samples for fluid inclusions have been
studied in the laboratory of the Payame Noor
University of Mashhad. Microprobe analysis on 4
samples have been done at the Laboratory of Iran
Mineral Processing Research Center.

Results

Intrusive and sub volcanic bodies with composition
of diorite and quartz diorite have intruded into
limestone and have produced Fe skarn in the Kalate
Shab area. Mineralogical evidence suggests two
stages  of  progressive and  retrograde
metamorphism in the region. Microprobe analysis
of minerals in the skarn zone shows that garnets are
andradite and pyroxene is of diopside-
hedenbergite type. Average salinity and
temperature of fluid based on micro thermometric
data in the Kalate Shab are 13.2 wt% and 222°C,
respectively. Magmatic and meteoric waters
mixing and chemical changes in carbonate host
rock are the main factors for genesis of Fe deposit.

Discussion

An intermediate magma has intruded into the
Paleocene- Eocene limestone, and has caused Fe-
skarnification in the Kalate Shab region. The
intrusive and sub volcanic rocks are diorite, quartz
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salinity and temperature. The study of sulfur stable
isotopes in the Sarab 3 iron ore deposit shows that sulfur
may have been derived from one of these two sources:
It has been created directly from the magmatic
differentiation fluid or by the dissolution of previously
sulfide igneous sources. The values of &S of
mineralization fluids have been calculated from the
Pyrite-H,S separation factor (Ohmoto and Rey, 1979),
assuming that H,S is the most important sulfur
compound in the mineralization fluid. Considering the
amount of **S in the Sarab 3 iron ore deposit (3 to 3.6
permil) it can be stated that all of them can be attributed
to hydrothermal fluids with magmatic sources. Also the
amount of 3*S of HS in the fluid equilibrated with
sulfides of the Sarab 3 iron ore deposit was close to zero
(0.8-1.9%o).

Discussion and conclusion

Due to the emplacement of intrusive bodies in the
limestone-dolomite of the Qom formation with Oligo-
Miocene age, the skarn mineralization has occurred in
the Sarab 3 Iron ore deposit. The study of sulfur stable
isotopes on pyrite in magnetite ore, has shown the
source of mineralization fluids to be derived from
magma. Skarns have been formed in several stages the
last of which is the retrograde stage. Retrograde fluids
have been overprinted on ore and affected it. Calcite
veins and sulfides have been formed in the retrograde
stage in the Sarab 3 iron ore deposit. In this study it was
found that the temperature of fluid in the Sarab 3 iron

ore deposit was about 115-324°C and the salinity was
about 0.4-35 wt.% NaClL.
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Introduction

Cenozoic magmatism in Central Iran has caused
formation of contact metmorphed rocks especially
skarns (Calagari and Hosseinzadeh, 2006,
Karimzadeh Somarain and Moayyed, 2002). The
skarns consist of valuable ore deposits. The
Shahrak mining area is located on the border of
Central Iran and Sanandaj-Sirjan zone (SSZ). This
mining area includes 9 iron ore deposits. The Sarab
3 iron ore deposit is located to the south of them.
The volcanic rocks of the study area include dacite,
andesite, rhyolite and andesitic basalt has occurred
during the Eocene period. The intrusive rocks of
the study area include post early Miocene diorite-
granodiorite, diorite and granite. The iron
mineralization stage has formed in limestone-
dolomite contact with intrusive igneous rocks
(diorite- granodiorite and diorite) as a skarn
deposit. The main ore of the Sarab 3 iron ore
deposit is the magnetite and hematite. Limonite and
goethite, pyrite, pyrrhotite and chalcopyrite can
also be seen. The ore deposit geometry is
characterized by massive to lens-like shape.

Materials and methods

In addition to study of drilling cores, 70 samples
were taken from them and the mine pit of the Sarab
3 iron ore deposit in order to study thin sections,
thin-polish section, fluids inclusion and sulfur
stable isotope. Finally, 20 samples were selected
and studied at the Bu Ali Sina University of
Hamedan. Fluid inclusion studies were performed
on six doubly polished thin sections. These samples

were taken from calcite in magnetite hosts.
Measuring the temperature parameters was carried
out at the mineralogical laboratory of Iran Mineral
Processing Research Center to assist the Stage:
THMS600 with Linkam model on ZEISS
microscope. The temperature range is -196 to
+600°C. The machine also has two controllers,
heating (TP94) and cooling (LNP), a nitrogen tank
(for the nitrogen pump for freezing) and a water
tank (for cooling the device in high temperature).
Calibration of Stage in heating has a precision of +
0.6°C which was carried out with cesium nitrate
with a melting point of 414 °C and freezing was
carried out at a precision of + 0.2 ° with a standard
N-hexane material with a melting point of -94.3°C.
Five sulfide samples were selected from an open
pit of the Sarab 3 iron ore deposit and the isotopic
ratio of their sulfur was measured at the Isotope
Lab of the University of Queens, Canada.

Results

During the retrograde mineralization stage in the Sarab
3 iron ore deposit, the effects of the remaining fluid on
the skarn rocks and adjacent hornfels result in release of
calcium from the skarn and then transport of volatile
matter into it. At this stage, the fluid is barren and it has
a lower temperature and salinity than its original state.
As a result of retrograde reactions, the replacement of
high calcium calc-silicate minerals with a series of lower
calcium minerals occurs. Also, some amounts of
dissolved calcium are combined with carbonate ions in
the fluid and thus calcite is formed in the faults and
microfractures. Study of the fluid inclusions in the Sarab
3 iron ore deposit shows that the manufacturer fluids
have been related to the retrograde phase and have lower
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veins show homogenization to a liquid in the range
of 203° to 398°C, corresponding to salinities of
31.43 to 45.01 wt. % NaCl equivalent based on
Sterner et al. (1988). Fluid inclusions in quartz-
pyrite-stibnite veins homogenized to a liquid
between 200° and 339°C, with salinities of 1.70
and 11.74 wt. % NaCl equivalent, and finally base
metal veins were formed by fluid with 165° and
230°C, with salinities of 1 and 7.20 wt. % NaCl
equivalent based on Bodnar (1993).

Discussion

Textural relationships and microscopic features
allowed us to recognize five stages of veining; (1)
quartz-magnetite-sulfide, followed by (2) quartz-
tourmaline breccia, (3) quartz-pyrite-gold-stibnite,
(4)  quartz-pyrite-stibnite-realgar-orpiment-gold
and (5) late Ag-bearing quartz-calcite-pyrite-
galena-sphalerite. There is evidence of As/Sh
substitution in stibnite-realgar-orpiment minerals.
Moderate temperature and salinity features,
presence of V and L rich in association with L+V
fluid inclusion types, wvariation in fluid
composition, and pressure fluctuation of the
mineralizing fluid during the main stage of gold
mineralization are the main highlights of the Sari
Gunay epithermal deposit, whereas high salinity
and temperatures with first quartz-sulfide-
magnetite veins are consistent with porphyry ore
mineralization in depth. Possibly rapid variations
in the fluid chemistry and availability of enough As
and Sb in the solution are responsible for As/Sb
substitution, indicating that gold mineralization has
occurred approximately at 250°C, which is
supported by fluid inclusion data. A large As/Sh
substitution range has also been reported by
Mehrabi et al. (1999) in the Zarshuran ore deposit.
In this condition, gold has occurred in mineral
structure defected in arsenian pyrite due to
substitution of Fe with large As ion. There are
differences in core and rims of pyrite crystals on
BSE images, reflecting lower As and higher S
contents in the core of pyrite grains. Compositional
zoning that has been found in pyrite represents
rapid evolving conditions during ore mineral

precipitation, probably due to episodic
hydrothermal fluid degassing. The correlation
between gold content and degree of As-enrichment
in arsenian pyrite could indicate that gold has
precipitated from hydrothermal fluids on to the As-
rich growth surfaces of pyrite (e.g. Cepedal et al.,
2008). Decrease of temperature and salinity during
paragenitic sequences are consistent with fluid
mixing with meteoric water and following fluid
dilution. We can then conclude that the occurrence
of porphyry-epithermal veins in the Sary Gunay
deposit is due to the presence of a fault system
under the aquifer causing sudden depressurization
and gradual mixing with shallow water. During
temperature and pressure decrease gold was
precipitated in the main stage of epithermal gold
mineralization evidenced by extensive Au-As-Sb-
Fe substitution in stibnite-realgar-orpiment-pyrite
minerals.
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Introduction

The Sari Gunay veining and breccia epithermal
gold mineralization is situated between the
Urumieh-Dokhtar magmatic belts and the
Sanandaj-Sirjan metamorphic zone in central-NW
Iran. The Sari Gunay gold deposit is hosted by a
middle Miocene volcanic complex that has been
formed in the two Sari Gunay and Agh Dagh hills
with ~2 km distance. The Sari Gunay volcanic
complex consists of dacite to rhyolite volcanics and
its coeval volcaniclastic rocks. There are some
published data on the Sary Gunay ore deposit (e.g.
Richards et al., 2006), while mineral chemistry of
silicate and sulfide minerals have not been studied
previously. The main goal of the present
investigation is to determine type of mineralization
based on detailed mineralogy, mineral chemistry,
and fluid inclusion evidence and previously
published data by Richards et al. (2006).

Materials and methods

A total of 300 samples were collected
systematically from 25 drill cores and outcrops.

A total of 100 samples from different
mineralization veins were selected for optical
microscopy and after comprehensive study by
stereomicroscope that was carried out at the
Kharazmi  University and Iranian Mineral
Processing Research Center (IMPRC). The
selected mineral phases were analyzed by an
Electron Microprobe Analysis (EPMA) Cameca X-
100 with 20 kV and 20 nA, with a beam diameter
of 5 um at the IMPRC. Micro thermometric

analyses were carried out on 10 doubly polished
thin sections from breccia quartz-tourmaline and
quartz-pyrite-arsenic sulfides-stibnite and quartz-
tourmaline veins using a Linkam THMS 600
freezing-heating stage, mounted on a ZEISS
Axioplan2 research microscope at the IMPRC.

Results

Field geology and petrographic observations
indicate that veining and breccia ore mineralization
in the Sary Gunay ore deposit have occurred in
deferent levels including quartz-magnetite-sulfide
veinlet in the deeper levels and brecciated quartz-
tourmaline-sulfide veins in the shallow levels.
Several high-grade gold-bearing veins and veinlets
of quartz-pyrite-stibnite-realgar-orpiment ~ with
diverse abundance ratio have formed within, and
finally silver-bearing quartz-base metals veins
have been formed outward of the hydrothermal
system. EPMA data indicate that gold has occurred
in arsenian pyrite as solid solution and very fine
inclusions. Stibnite, realgar and orpiment exhibits
extensive range in As/Sb substitution. Hg-bearing
minerals have been detected in stibnite and
arsenian sulfide minerals and also rutile has been
detected in pyrite by EPMA. According to EPMA
evidence, all tourmalines are alkaline belonging to
dravite-type which show hydrothermal origin of
quartz-tourmaline breccia veins. Fluid inclusions
in the first stage have homogenization to a liquid in
the range of 320° to 380°C, corresponding to
salinities of 35 to 45 wt. % NaCl equivalent.
Moreover, fluid inclusions in quartz-tourmaline
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activities of this zone could provide us with
precious data on crust tension distribution through
microseismic and computing parameters of b-
value, fractal dimension (D) and mapping of local
stresses. In neotectonic active zone b<0.6 to 1.1
and D changes from 0 to 2 but they can be
recognized to have D=2b (Aki, 1981; King, 1983;
Wiemer and Wyss, 2002).
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Introduction

Two fundamental goals are followed in this paper:
I- Active neotectonics of the Kopeh Dagh
Mountains particularly in its central part that is
called the Bakharden-Quchan Zone in NE Iran for
special features of faulting and role of faults within
this zone in the collision between Arabia-Eurasia
plates. 2- Seismicity hazards of faulting to
recognize the relationship between asperities and
earthquakes through analyzing the correlation of
fractal dimension and b-value parameters. The
Kopeh Dagh Mountain is accommodating a large
portion of northward motion of central Iran with
respect to Eurasia, involving a major right- lateral
strike-slip fault system in its central part (the
Bakharden-Quchan Zone). This fault system
corresponds to the northeastern boundary of the
Arabia-Eurasia collision and can be considered to
be a lithospheric scale tectonic feature. The Kopeh
Dagh Mountain forms a linear intercontinental
fold-thrust belt trending NW-SE between the stable
Turan platform and central Iran (Afshar Harb,
1979; Hollingsworth et al., 2006; Shabanian et al.,
2009; Shahidi et al., 2013).

Materials and methods

This research uses both historical and instrumental
seismicity data along with observations from
Landsat 7 satellite imageries, topographic data
(SRTM), field observations and mathematical
fractal dimension (D) model plus integral
mathematical functions to find a logical correlation
between tectonic movements, asperities and
earthquakes in different active zones.

Results

There is an array of active right-lateral strike-slip
faults in the central part of the Kopeh Dagh
Mountain which obliquely cut the range and
produce offsets of several Kilometers in the
geological structures. These faults all end in
thrusting and link to blind faults, revealed by the
uplifts and incision of the Late Quaternary terraces.
These faults have rotated around their vertical axes
and can account for several Kilometers of the N-S
shortening. They are responsible for major
destructive earthquakes in both 19™ and 20"
centuries and represent important seismic hazards
for populous regions of NE Iran. These faults also
require several Kilometers along-strike extension
that is taken up by the westward component of
motion between south Caspian sea basin, Shahrood
fault system and both Eurasia and central Iran
(Hollingsworth et al., 2006; Shabanian et al., 2009;
Bretis et al., 2012).

Discussion

The Bakharden-Quchan faults have identifiable
ends, where they turn into thrusting and link to
blind faults. The fault changing mechanism to
reverse has caused increase of stress, shortening by
thrusting in their end bending. Structural relation
faults between this zone and the Binaloud
Mountain through Meshkan transfer zone which is
the major motion engine of this zone to put it
constantly under neotectonic stresses for
convergence of Arabia-Eurasia plates since the last
Alpine orogeny phase. Most of the seismic
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epidote and calcite. Quartz and calcite are
dominant secondary minerals that occur as vein,
veinlets, and open space infillings in the host rocks.
Serpentinization and list waenitization occur in
harzburgite. Mass changes of altered igneous rocks
are calculated by the Isocon method (Grant, 2005).
The altered rocks are depleted relative to less-
altered rocks of Baout from mobile elements of Sb
and As while they are enriched by SiO, and
immobile elements such as Pb. However, the host
rocks in the Baout area have more Sb than equal
rocks from non-mineralized area of the Kurin to the
south.

The Sb mineralization is structurally controlled and
occurs as NE quartz-stibnite veins. The stibnite is
the most abundant sulfide and ore mineral and it
occurs as open space filling mainly later than
quartz. There are also locally variable amounts of
valentinite, senarmontite and stibiconite calcite,
and iron oxides in the veins. The Sb grade is mainly
high and reaches up to more than 30 wt. %. Other
anomalous elements are Au, Pb, Zn, As and Cu.

Fluid inclusion

Fluid inclusions in quartz from the Baout area are
primary, secondary, and pseudo-secondary in type.
The fluid inclusion homogenization temperature
and salinity range from 130 to 215° C and 2.07 to
3.06 wt. % NaCl eq., respectively. They all fall

within the range of those from epithermal ore
deposits and metamorphic waters.

Conclusion

The Sb mineralization in Baout occurs as quartz-
stibnite veins. The ophiolitic and flysch units are
host of the veins. The oldest veins are non-
mineralized quartz veins followed by quartz-
stibnite and carbonate veins, respectively. These
veins are structurally controlled by NE Faults. The
altered rocks are more depleted of Sb and As, and
enriched in Pb and SiO, as compared with less
altered rocks. According to homogenization
temperatures and salinities of liquid-rich two-phase
primary  fluid inclusions in quartz, Sb
mineralization was formed by metamorphic
hydrothermal solutions.
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Introduction

The Baout antimony deposit is located 80 km west
of Zahedan. Antimony occurs as a trace element in
Earth crust, introduced in many minerals,
especially sulfides and sulfosalts and occurs as
small high grade ore deposits in different parts of
the earth. Antimony mineralization in Iran is
mainly in the form of hydrothermal veins
associated with volcanic and plutonic activities.
The Sistan suture zone (SSZ) in east and southeast
of Iran hosts high-grade Sb-veins in several areas
from north to south such as Sefidabeh, Baout,
Lakhshak, Sefidsang and Shurchah (Boomeri et al.,
2018). The aim of this paper is petrography and
mineralogy of the host rocks and ore-bearing veins,
loss and gain of various elements, especially
antimony and related elements in alteration zones,
and investigation of fluid inclusions in quartz
associated with stibnite.

Geology

The Baout is located in the SSZ and consists of
Cretaceous ophiolitic rocks, Eocene flysch
sedimentary rocks (turbidite), Oligo-Miocene
intermediate dikes and recent sediments. The
ophiolites and flyschs are metamorphosed and
altered and host several NE quartz-stibnite veins.
The area is a shear zone and has been affected by
strike-slip faults. The NE faults are dominant in the
mineralized area.

Method and material
20 thin sections and 10 polish and 6 thin-polish

sections were examined by polarizing microscope
under transmission and reflected light for
petrography, mineralogy and alteration and
mineralization studies. A few samples from the
fresh and altered rocks were analyzed by XRF and
ICP-MS for major, trace and rare earth elements,
respectively. Sb ores were analyzed by ICP-OES to
study and interpret grade and variation of Sb, Cu,
Au, As, Ag, and Zn. After optical observations
three representative samples from Baout were
chosen for subsequent micro thermometric
measurements.  The  micro  thermometric
measurements were carried out by Linkham
THMS600 heating-freezing stage (-196 to +600°C)
at Iran processing research center.

Result and discussion

Petrography

The igneous rocks in the Baout rock are
serpentinized harzburgite, gabbro, diorite, basalt,
diabase and dacite. These rocks mainly contain
plagioclase with or without clinopyroxene,
amphibole and biotite. The turbiditic rocks are
sandstone, siltstone and metamorphosed shale
(phyllite). Limestone and list waenite are other
rocks of the area.

Alteration and Mineralization

The host rocks including igneous rocks in the study
area are extensively altered. The propylitic
alteration occurs in the mafic rocks and sericitic
alteration in the turbiditic rocks. The propylitic
alteration is characterized by quartz, actinolite,
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these rocks. The amount of Mg#(55.48-68.1),
Sr/Y(mean55.58), Th/La(mean0.32), La/Ybn(4.2)
and Th(meanl.8ppm) indicate oceanic crust
melting with garnet-amphibolite composition to
generation of adakitic magma.

Discussion

Field evidence, mineralogy, and magnetic
susceptibility measurements show that granitoids
of the Tighanab area belong to the magnetite series.
Based on tectonic discrimination diagrams, the
intermediate samples of the Tighanab area are
located in the range of VAG and VAG + Syn-
COLG. The studied rocks show depletion of HFSE
such as Ti, P, Nb, Yb, Y and enrichment in LILE
that indicates their association with the subduction
environment. Negative anomaly of HFSE may be a
result of contamination of magma by crustal
materials during ascent and emplacement in
subduction zones. Comparison of some major and
trace elements of Tighanab samples with adakites
indicated that these rocks have high silica adakitic
nature.

Geochemical evidence shows that the studied rocks
are similar to the rocks associated with iron skarns.
Some geochemical characteristics such as HREE
and HFSE depletion, high Sr, Sr/Y and
(Gd/Yb)x>1 and poor negative anomaly of Eu in
the studied samples, indicate that the adakitic
magma has been formed at pressures above the
plagioclase stability. The geochemical
characteristics of the studied samples, such as low
Y and high Sr/Y ratio, indicate the presence of
garnet in the origin of these rocks (Mao et al.,
2018). Trace and rare element diagrams show that
adikatic magma of the Tighanab area subvolcanic
rocks have been produced by melting of the
oceanic slab. Adakitic rocks of the Tighanab area

have been formed from a source with 10 to 25%
garnet amphibolites composition.
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Introduction

The Tighanab area is located in the Southern
Khorasan province and 104km south-east of
Sarbisheh, in the eastern part of Sistan suture zone
(Tirrul et al., 1983). The Sistan suture zone has
formed as a result of collision between the Lut and
Afghan blokcs and its closure time is related to
upper Cretaceous era (Brocker et al., 2013).
Eocene-Oligocene magmatism in eastern Iran (Lut-
Sistan) crop out as volcanic rocks, pyroclastic and
subvolcanic rocks (Pang et al., 2013) which have
caused skarn mineralization in some parts. The
relationship between skarn mineralization and
adakites has been discussed by various researchers
(Lei et al.,, 2018). Skarn deposits and their
associated Cenozoic plutonic rocks in Iran, have
outcrops in northwest, central and southeast of the
Urumiyeh-Dokhtar magmatic belt, Sabzevar-
Dorouneh magmatic belt and the eastern Iran
magmatic belt (Sepidbar et al., 2017). The
Tighanab subvolcanic bodies play an important
role in skarn mineralization.

This research study is carried out for studying
petrography, geochemistry and tectonic setting of
subvolcanic bodies and their role in skarn
mineralization since geochemistry and petrology of
the mentioned masses have not been studied.

Material and methods
This research is based on field observations, thin
sections, polished thin section studies and chemical

analysis of samples. In this regard, 90 thin sections
were prepared and studied by microscope. Then, 11
samples of subvolcanic rocks with the least
alteration were selected. Then they were crushed
and powdered. Next, they were analyzed by the
ICP-ES method for major elements and the ICP-
MS method for trace and rare earth elements. The
magnetic susceptibility of the samples was
measured by SM20 magnetic sensitivity device at
university of Birjand.

Results

The study area is located in the eastern part of the
Sistan suture zone and the Mahirud geological map
(1:100000). Quartzdioritic subvolcanic rocks
intruded the Paleocene-Eocene limestone and
sandstone and formed iron skarn mineralization.
The main textures in quartz diorite porphyry are
porphyry with microgranular groundmass and
poikilitic. Plagioclase, hornblende and quartz are
the main constitutes of these rocks. Plagioclase
phenocrysts have polysynthetic twinnig, zoning
and resorption rim and are andesine and rarely
oligoclase based on extinction angle. Different
geochemical diagrams show correlation between
the Tighanab igneous rocks and intrusions
associated with iron skarns. Geochemical features
as mean of Si0(64.48%), ALO;(16.68%),
Sr(470ppm), Y (8.9ppm), Sr/Y(55.58),
Yb(0.89ppm) and poor negative anomaly of Eu are
representative of high silica adakitic features for
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DOL: https://dx. doi.org/10.22067/econg.v12i4.81783



In the Name of God, the Beneficent, the Merciful

Journal of Economic Geology

Vol. 12, No. 4, Winter 2021, Serial No. 27

Welcome to the online submission and editorial system for Journal of Economic
Geology. Journal of Economic Geology is devoted to all aspects of research related to
Economic Geology, Petrology, Geochemical Exploration, Geophysical Exploration
and Environmental Geology. The Journal will be devoted primarily to research papers
but short communications relating to new developments of broad interest, book
reviews and technical reports of meetings will also be included.

EDITOR: Dr. Mohammad Hassan Karimpour

EDITORIAL BOARD:

Dr. Mohammad Hassan Karimpour (Prof, Ferdowsi University of Mashhad)
Dr. Charles R. Estern (Prof., University of Colorado, U.S.A.)

Dr. Mohammad Hossein Adabi (Prof, Shahid Beheshti University)

Dr. Ebrahim Rastad (Associate Prof,, Tarbiat Modares University)

Dr. Gholam Reza Lashkaripour (Prof., Ferdowsi University of Mashhad)

Dr. Abbas Moradian (Associate Prof., Shahid Bahonar University)

Dr. Seyed Reza Moussavi Harami (Prof., Ferdowsi University of Mashhad)
Dr. Seyed Ahmad Mazaheri (Prof., Ferdowsi University of Mashhad)

Dr. Majid Ghaderi (Prof,, Tarbiat Modares University)

EDITING CONSULTANT
Dr. A. Peiravi

CONSULTANT
Dr. A. Malekzadeh Shafaroudi

Publisher, Ferdowsi University of Mashhad

Published by: Ferdowsi University of Mashhad Press

Address: Research Center for Ore Deposit of Eastern Iran, Faculty of Science, Ferdowsi
University of Mashhad, Iran

P.0. BOX: 91779-48974

Tel: +98-051-38804050
Fax: +98-051-38807352
E-mail: econg@um.ac.ir

Web Site:  https://econg.um.ac.ir



A
R

ISSN (P): 2008-7306
ISSN (E): 2423-5865

JOURNAL OF
ECONOMIC GEOLOGY

Vol. 12, No. 4, Winter 2021, Serial No. 27

CONTENTS

Petrography, geochemistry and tectonic setting of adakitic bodies in the Tighanab area and their relationship with

iron skarn mineralization (southeast of Sarbisheh-eastofIran) ... ... T ———— D 449
Malihe Nakhae1 and Seyyed Saeid Mohammadi

Investigation of Antimony mineralization and mass transfer in host rocks, Baout, west of Zahedan (southeast of

Hahmeh Moladad1 Moghadam M()hammad Boomerl and Hablb Blabangard

Analysis of correlation of Neotectonic and seismicity in Bakharden-Quchan zone ... . 491
Javad Biglari, Abbas Kangi and Abdol Reza Jatarian

Fluid inclusions, mineralogy and mineral chemistry of the porphyry-epithermal Sari Gunay epithermal ore
deposit - the Kurdistan province . e &00
Behzad Mehrabi, Majid Ghasemi Siani and Tayebeh Fazeh

Fluid inclusions and sulfur stable isotopes of the Sarab 3 iron ore deposit (the Shahrak mining area - north Bijar) 531
Mohammad Maanijou and Mehrdad Ferdowsi Rashed

Geology, petrography, mineral chemistry and fluids inclusion of the Kalate Shab iron skarn (East of Sarbisheh,
Southern Khorasan) .. S ——T

Fatemeh Yari, Mohammad Hﬂssem Zarrmkoub and Seyyed Saeld Mohammadl

Mineral chemistry and chromite mineralization in the Qaranaz-Alamkandi area, west Zanjan .. 585
Parham Ahrabian Fard, Ghasem Nabatian, Mir Al1 Asghar Mokhtari, Maryam Honarmand and Hossein Kouhestani

Prospecting of Zn-Pb mineralization based on stream sediments geochemical exploration in the Malayer-Istahan
AL OGN DI SR SR S 611
Mohammad Amin Jafari, Al1i Kananian and Ahad Nazarpour



	Cover (Front)
	ALL-  Vol. 12, No 4, 2021
	2- Inside Cover - Vol. 12, No. 4 , 2021
	3- Farsi Editorials - Vol. 12, No. 4 , 2021
	4- Editor karimpour -   Vol. 12, No. 4 , 2021
	5- Contents - Vol. 12, No. 4 , 2021
	6- Article (ALL)-  Vol. 12, No. 4, 2021
	1- 81783-Nakhaei- F
	2- 82554- Mojaddadi Moghaddam- F
	3- 81952- Beiglari-F
	4- 83516- Ghasemi Seiani- F
	5- 78330- Maanijou- F
	5- 78330- Maanijou- F
	1-3
	5
	7-13
	15-23
	25-27
	29
	31-37

	خالی

	6- 77836-Yari- F
	7- 79535- Nabatian- F
	8- 80263-Kanaanian- F

	7- Article GuideLine  -  Vol. 12, No. 4, 2021
	8- Extended abstract (ALL)-  Vol. 12, No. 4, 2021
	8-2- 80263-Kanaanian- E
	8-1- 80263-Kanaanian- E
	7-2- 79535- Nabatian- E
	7-1- 79535- Nabatian- E
	6-2- 77836-Yari- E
	6-1- 77836-Yari- E
	5-2- 78330- Maanijou- E
	5-1- 78330- Maanijou- E
	4-2- 83516- Ghasemi Siani- E
	4-1- 83516- Ghasemi Siani- E
	3-2- 81952- Beiglari-E
	3-1- 81952- Beiglari-E
	2-2- 82554- Mojaddadi Moghaddam- E
	2-1- 82554- Mojaddadi Moghaddam- E
	1-2- 81783- Nakhaei- E
	1-1- 81783- Nakhaei- E

	9- Outside Cover -   Vol. 12, No. 4, 2021

	Cover (Back)

