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1-Introduction

A wide variety of Zn-Pb deposits have been reported along the Malayer-Esfahan metallogenic belt (MEMB) in
Iran. This metallogenic belt is part of the Sanandaj Sirjan Zone (SSZ). The Gol-e-Zard and Baba Gholleh Zn-Pb
deposits are located in the middle part of the Isfahan-Malayer metallogenic belt. In this area, lead-zinc deposits
are typically classified into two groups, i.e., SEDEX and MVT. The Gol-e-Zard Zn-Pb deposit
(49°46°25“longitude and 33°26°40%latitude) is situated in the northeast of Aligodarz city, Lorestan Province.
This deposit is formed in phyllite and slates with meta-sandstones of upper Triassic-Jurassic. According to the
studies of Zarasvandi et al. (2014), this deposit has characteristics of the SEDEX Zn-Pb deposits. The Baba
Gholleh Zn-Pb deposit (49°53’30“longitude and 33°33°20%latitude) is situated about 33 km southwest of the
Khomeini in Arak Province. Prospect is a SEDEX-type deposit in which ore minerals occur predominantly with
quartz veins and flat lenses, interbedded in the metamorphic host rocks (Ehya et al., 2008).

2-Methodology

Twenty-eight fluid inclusions for the Baba Gholleh deposit and 33 fluid inclusions for the Gol-e-Zard deposit in
guartz containing mineralization were studied for microthermometry studies. Ten samples of sphalerite from the
main mineralization veins of two deposits analyzed by Inductively Coupled Plasma Mass Spectrometry (ICP-
MS). The analyses were carried out in the chemistry laboratory of Minerals Research Center to determine the
chemistry of trace elements in sphalerites. Also, SEM- EDX analysis was performed in the central laboratory of
Lorestan University on the chalcopyrite samples of two deposits. .

3- Results and discussion

The homogenization temperatures (Th) and salinity values were determined for the Gol-e-Zard and Baba-
Gholleh deposits. Fluid inclusion studies indicate that the salinity of ore-bearing fluid is 15 to 17.5 wt% NaCl
eq. There is a mean temperature of 181°C for the Gol-e-Zard and 12 to 17 wt% NaCl eq. salinity with a mean
temperature of 166 °C for the Baba Gholleh deposit. The values of In, Cu, Co/ Ni, Cd / Fe, (In + Sn), and (Ag +
Cu) were determined, and the related statistical parameters were obtained. Comparison of sphalerite
compositions in these deposits with other deposits in the southern China showed a SEDEX origin for studied
deposits (e.g., Meng xing, Huize, Dabaoshan, Baininchang deposits; Lin et al., 2011). In the In-Fe diagram, the
sphalerite samples of both deposits were plotted within the range of the SEDEX deposits in southern China. The
amount of cadmium vs. iron in the Baba Gholleh and Gol-e-Zard deposits are higher than the sphalerite of
SEDEX deposits in southern China. However, the Co / Ni ratio is within the range of southern China samples.

4-Conclusions

The most relevant results obtained in this study include:

1- The Zn / Cd ratios in both Gol-e-Zard and Baba-Gholleh deposits are less than 200. Accordingly, they are
analogous to that of metamorphic sediment deposits (Zhang, 1987). They were confirmed by the presence of
phyllite host rocks and metamorphic sands in the studied deposits.
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2- The amount of gallium, mercury, and tin in the sphalerites of the Baba-Gholleh deposit is more than Gol-e-
Zard deposit. It seems that the lower temperature of the mineralizing fluids in Baba-Gholleh compared to that of
Gol-e-Zard deposit is the main factor in increasing these elements in the sphalerites of Baba Gholleh deposit.

3- The study of chalcopyrite samples of two deposits by SEM-EDX showed that there are many differences
between the elements of these two deposits. For example, Mo, Sn, and Ga represent variable concentration in
these deposits.

4- Baba-Gholleh Zn-Pb deposit is previously introduced as a vein type deposit based on geological evidence and
the type of host rock, nevertheless new data regarding mineralogy and fluid inclusions imply for SEDEX type
origin.

5- Most of the fluid inclusion data of both deposits are plotted in the range of SEDEX type deposits. Also, the
predominant complex in metal transportation of deposits proved to be sulfide complexes.
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Fig 6. Histogram of cobalt elemente of sphalerite; (a) Gol-e-Zard and (b) Baba Gholleh (in ppm).
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Table 2. Statistical parameters of the data sphalerites of the Gol-e-Zard and BabaGholleh deposits (G: Gol-e-
Zard, B: BabaGholleh) (in ppm).

Ga(G) Ga(B) Sn(G) Sn(B) Hg(G) Hg(B) Co(G) Co(B)

N 5 5 3 5 5 5 5 5

Mean 4.6 8.53 0.2 0.98 12.63 15.25 43.77 55.09

Median 4.6 8.06 0.1 0.8 17.62 11.9 62.86 39.25

Minimum 0.58 4.94 0.0 0.4 1.7 7.11 3.39 27.73

Maximum 10.9 12.97 0.5 1.6 21.16 32.95 68.91 06.88

Cu (G) Cu (B) In(G) In (B) Ag+Cu(G) Ag+Cu(B)

N 5 5 3 5 5 5

Mean 56.29 5399.14 16.16 20.73 70.03 4,564.54

Median 57.73 199.93 15.76 14.81 72.02 191.84

Minimum 40.12 95.39 14.68 5.19 58.46 135.18

Maximum  68.50 26289 18.03 35.48 81.18 26364.9

In+Sn (G) In+Sn (B) Cd/Fe (G) Cd/Fe(B) Co/Ni (G) Co/Ni (B)

N 3 5 5 5 5 5

Mean 16.49 21.72 0.27 10.00 1.92 3

Median 15.86 16.44 0.05 0.05 2.62 2

Minimum 15.08 5.89 0.004 0.05 0.24 1

Maximum  18.53 35.88 1.06 0.01 3.76 5
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Fig 7. Binary plots of (a) In vs. Cu, (b) Fe vs. In, (c) (In+Sn) vs. (Cu+Ag), and (d) (Co/Ni) vs. (Cd/Fe) in sphalerite
from Pb-Zn deposits of South China (e.g., Mengxing, Huize, Dabaoshan, and Baininchang deposits; Lin et al.

2011) and Gol-e-Zard and Baba Gholleh deposits.
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Table 3. Spearman correlation for the data of the Gol-e-Zard and BabaGholleh deposits (Go: Gol-e-Zard and BG:

Baba Gholleh).
Different correlation | Similar and strong correlation Similar and moderate correlation
BG GO BG GO BG GO
Ag-Pb | -0.543 0.952 Ag-In -0.829 -0.8 Ag-Ga -0.6 -0.69
Al-Ga | 0.943 -0.286 Ag-Ba 0.886- -0.729 Ag-Zn -0.6 -0.4
Al-In 04 0.7 Ag-Sh 1 0.857 Ag-Cd -0.6 -0.643
Ba-Cu -1 01 Ba-Cd 0.829 0.714 Cu-In -0.657 -0.6
Cd-Ga 0.3 0.952 Ba-Sb -0.886 -0.786 Cu-Ga -0.6 -0.405
Cu-Sb | 0.886 0.143 In-Sb -0.829 -1 Ba-Ga 0.6- -0.619
Cd-Cu | -0.829 -0.333 Cd-Zn 0.886 0.810
Fe-In | 0314 -0.8 Zn-S 0.829 0.905
In-Pb | 0771 -0.9
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Fig 8. Scanning Electron Microscopy- Energy Dispersive X-ray (SEM-EDX) image of chalcopyrite (Baba Gholleh

deposit); (a-b) Chalcopyrite surface image from close-up, (c) The iron element on the sample surface, (d) The
copper element on the sample surface, (e) The S element on the sample surface, and (f) The silica element on the

host rock.
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Fig 9. Scanning Electron Microscopy- Energy Dispersive X-ray (SEM-EDX) image of chalcopyrite (Gol-e-Zard

deposit); (a-b) Chalcopyrite surface image from close-up, (c) Iron element on the sample surface, (d) Copper
element on the sample surface, (e) Sulphur element on the sample surface, and (f) Silica element on the host rock.
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Table 3. Statistical results of SEM-EDX Study of chalcopyrite of Gol-e-Zard and Baba Gholleh deposits (in wt%).

MnB  MnG SbB  SbG

N 21 21 21 21

Mean 343 202 241 423
Median 4 4 133 236  2.94
Minimum 119 084 194  1/95
Maximum 179 331 302  6/65
In.B InG CdB  CdG

N 21 21 21 21
Mean g7 198 076 089
Median g g 151 076 09
Minimum g 7¢ 111 058 00
Maximum 4 ;7 29 098 136

SeB  SeG Y.B Y.G NiB  Ni.G

21 21 21 21 21 21

126 254 101 184 3.13 433

119 184  1.05 1.35 31 2.87

09 085 05 0.87 248 1.89

191 452 14 2.86 3.99 7.07
GeB GeG

As.B As.G Ag.B Ag.G

21 s 21 21 21 21

111 115 L7 256 127 3.09

107 135 067 199 122 186

0.83 0.0 1.37 1.34 0.96 0.79

155 997 212 39 183  6.01

(G o9 o (TM (IC8) 5 SoisFen slos Ty )5 J5 g alill 0,33 90 48 15,0 SVl sl (xiwledyn, slaosls g kel s ¥ Jgax

Table 4. Statistical results of microthermometric data fo
(Th: Homogenization temperature and Tm (ice): Ice me

r fluids inclusion in Gol-e-Zard and Baba Gholleh deposits.
Iting temperature).

Th(L-V)(°C) Salinity (NaCl wt%) Tm(ice) ("C) Size (pm)
BG GO BG GO BG GO BG GO
Mean 166.143 181 12.08 11.19 -7.93 -6.7 7.18 6.56
Median 169 175 13.25 11.2 9.1 -7.6 7 6
Mode 175 160 15 6.45 -9.8 -4 6 5
Minimum 130 145 19 1.75 -11 -12 5 5
Maximum 195 230 18 17 -1.1 -0.9 12 11
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Fig 10. (a-b) Box plot diagrams of chalcopyrite elements of Gol-e-Zard (G) and Baba Gholleh (B).
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Fig 11. (a-b) Two-phases liquid-rich inclusion (L+V) (a: Gol-e-Zard and b: Baba Gholleh) and (c-d) Secondary
fluid inclusions with linear trends (c: Gol-e-Zard and d: Baba Gholleh; L: Liquid phase, V: vapor phase).
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Fig 12 (a) Histogram of salinity of fluid inclusions of Baba Gholleh deposit, (b) Histogram of homogenization
temperature of fluid inclusions in Baba Gholleh deposit, (c) Histogram of salinity of fluid inclusions in Gol-e-Zard
deposit, and (d) Histogram of homogenization temperature of fluid inclusions in Gol-e-Zard deposit.

2009).
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Fig.13. Homogenization temperature vs. salinity (wt%) diagram for determination of metal complex (Pirajno,

YA



Voyled ) 690 e Loy

N

Wb yioy 635 (ool (ree) ;'"‘d‘/"”:‘?;”

Brine Water

Magmatic

Metamorphic|

Vapor

80— ° Gol-e-Zard
@ Baba Gholleh
& 40—
(&) MVT
©
= 20—
S
E e SEDEX
2 10
=
3
5] VMS
(m} ®
" Meteoric Whter
[ I I
0 100 200 300

I I I
400 500 600

Temprature (C)

(Kesler, 2005) Sas (Fen slod § 5558 whol p o580 o punnd Jloges -V F S
Fig 14. Salinity vs. homogenization temperature diagram to determine type of mineralization (Kesler, 2005).
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Fig. 15. Homogenization temperature vs. salinity diagram to determining the vapor pressure (Ahmad and Rose,

1980).
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Fig. 16. Diagram of salinity vs. homogenization temperature (Wilkinson, 2001).
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Table 5. Comparison of Gol-e-Zard and Baba Gholleh deposits with SEDEX deposits.

Baba Gholleh

Gol-e-Zard

SEDEX

Deposit

Phyllite- sandstone

Phyllite- sandstone

Carbonate shale, marl,
arenite

Host rock

Sanandaj-Sirjan Zone

Sanandaj-Sirjan Zone

Continental rifting

Tectonic position

Zn-Pb-Cu Zn-Pb-Cu Zn-Pb-Cu Dominant mineralization
180-160 200-150 200-50 Temperature Fluid
(°C) inclusions
17-12 18-10 30-10 Salinity (wt%)
18.8-18.5 19.5-17 22-16.5 204ppy*/208p|
15.5-15.9 15.17-16.23 16-15.5 207ply/204ppy*
39.4-39.9 38.45-34.5 39-37 208py/204ppy*

Post-middle Jurassic

Upper Triassic-
Jurassic

Proterozoic to
Cretaceous

* Deposit age
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