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Fig. 1. A: Simplified road map of fluorite ore field of the central Alborz in the east of Mazandaran Province, B:
Location of the fluorite deposits hosted in the Elika Formation (Mid Triassic) in the areas of Savadkouh-Khatirkouh-
Keyasar indicated in simplified geological map of Sari, 1:250,000 scale (Vahdati Daneshmand and Saeidi1991, Nabiloo
et al. 2017), and C: Stratigraphic columns of fluorite deposits in present study (Sefidian, 2014; Zabihitabar et al., 2015;
Nabiloo et al., 2017)
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Fig. 2. The common fabrics and texturesof galena mineralization in Pachi-Miana, Era and KamarPosht deposits, A:

Thick and dense vein of galena along with barite and calcite in a silicified host rock in the KamarPosht deposit (sample
code: Kp-Mt-5), B: Coarse-grained galena in the form of thick veins that cut fluorite in the Era deposit; (sample code:

E-21), C: Cubic crystal of galenaas the second generation of galena within the calcite associated with the stillolite

textureof galena mineralization in the Pachi-Miana deposit, D: Medium-sized galena as disseminated grains
withinlimestone hostrock in the Pachi-Miana deposit, E: Breccia ore in the KamarPosht deposit containing
dolomiticlimestone fragments of host rock that cemented by galena and fluorite (sample code: KP-9), and F: Massive
galena as disseminated grains within barite in the KamarPosht deposit (Sample code: KP-8-1). Abbreviations after
Siivola and Schmid (2007) (Gn: Galena, Brt: Barite, Cal: Calcite, Qtz: Quartz, Fl: Fluorite, HR: Host rock, DI:
Dolomite).
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Fig. 3. Photomicrographs from mineralogical mode occurrence of galena in Pachi-Miana, Era and KamarPosht deposits,

A: Intergrowth of galena and sphalerite within fluorite, B: Galena and pyrite accompanying in the fluorite groundmass,
C: Galena as an open space filling that surrounds the sphalerite in a fluorite groundmass, and D: Galena replaced by
cerussite in a barite groundmass. Abbreviations after Siivola and Schmid (2007) (Gn: Galena, Sp: Sphalerite, Brt:

Barite, Py: Pyrite, Fl: Fluorite, Cst: Cerussite).
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Fig. 4. Simplified geological map around the Pachi-Miana fluorite deposit at western slope of Boula anticline as part of
geological map of Pole-e-Sefid at 1:100000 scale (Vahdati Daneshmand, 2003)
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Fig. 5. Simplified geological map around the KamarPosht fluorite deposit at southern slope of Lamar anticline as part of
geological map of Semnan at 1:100000 scale (Nabavi, 1987; Nabiloo et al., 2017)
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Fig. 6. Simplified geological map around the Era fluorite deposit at western slope of Kuh-e-Sefied anticline as part of
geological map of Kiasar at 1:100000 scale (Saeidi and Akbarpour, 1992; Sefidian, 2014)
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Table 1. Mineralogical characteristics of ore samples from Pachi-Miana, Era and KamarPosht fluorite deposits used in

current study

Ore deposit Sampel No.

Sample description

Kp-4-Gn. Medium-grained galena associated with coarse-grained barite
Kp-6-Gn. Fine-grained galena associated Witt}:3 )f('ltﬁ;);ite and barite as open-space filling
Kp-9-Gn. Coarse-grained galena with fluorite and dolomite
Kp-10-Gn. Coarse-grained galena with fluorite and dolomite
Kp-11-Gn. Coarse-grained galena with fluorite, barite and dolomite
Kp-12-Gn. Vein consisting coarse-grained galena associated with fluorite and dolomite
KamarPosht
Kp-19-Gn. Coarse-grained galena with fluorite and dolomite
Kp-Mt-4-Gn. Massive galena with fluorite, barite and calcite
Kp-Mt-5-Gn. Coarse-grained galena vein, calcite and barite associated with silicic alteration
Kp-Mt-6-Gn. Coarse-grained galena, calcite and barite associated with silicic alteration
Kp-Mt-7-Gn. Coarse- to medium-grained galena associated with silica and dolomite
Kp-1-8-Gn. Disseminated coarse-grained galena in a barite groundmass
Pm-8-Gn. Coarse-grained galena with fluorite
Pm.17-Gn. Fine- to medium-grained galena with fluorite and calcite
Pachi- Pm-16-Gn. Coarse- to medium- grained galena with fluorite, calcite and barite
Miana Pm.37-Gn. Disseminated coarse-grained galena associated with calcite
Pm-19-Gn. Disseminated coarse- to medlmg;gruallllg&da Sgsalena, fluorite and barite in rock
Pm-31-Gn. Disseminated coarse-grained galena associated with fluorite in rock groundmass
E-17-2-Gn. Medium-grained galena with fluorite and dolomite
E-12-8-Gn. Disseminated coarse-grained galena associated with fluorite and dolomite
E-12-7-Gn. Disseminated coarse-grained galena associated with fluorite and dolomite
Era E-23-Gn. Massive coarse-grained galena with fluorite and barite
E-21-Gn. Vein consisting coarse-grained galena and fluorite
E-7-Gn. Disseminated coarse-grained galena associated with fluorite
E-15-Gn. Massive galena associated with fluorite and dolomite
E-20-Gn. Coarse- to medium-grained galena in a barite-fluorite groundmass
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Table 2. Elements concentration (ppm) in galena samples from Pachi-Miana, Era and KamarPosht fluorite deposits used in current

study

Zn Cu Tl Sb Se Hg Ga Cd Bi As Ag
378 302 092 1985 <0.1 0.17 0.16 3.37 0.07 5.5 47
Kp-11-Gn. 348 188 0.63 1089 <0.1 02 <0.02 6.18 0.03 9 55.1
Pm-17-Gn. 50.9 51 053 439 <01 035 <002 231 006 158 263
Pm-8-Gn. 109 172 031 694 81 0.07 <0.02 5.01 0.03 4 19.6
Pm-37-Gn. 29.1 245 027 315 <0.1 035 <0.02 155 0.05 9.4 16.2
E-17-2-Gn. 218 101 0.18 874 <0.1 0.87 <0.02 854 002 09 7.9
Kp-19-Gn. 1.5 88.3 033 967 04 006 <0.02 229 <0.02 6 453
E-12-8-Gn. 04 476 0.06 989 0.7 006 <0.02 1.14 <0.02 0.3 2.8
Kp-10-Gn. 7.1 176 025 671 <0.1 0.25 <0.02 336 <0.02 127 23
Kp-Mt-6-Gn. 5 13.7 0.63 1413 <0.1 0.07 <0.02 6.11 <0.02 2 39.5
E-23-Gn. 02 431 0.14 136 1.6 0.19 <0.02 7.68 0.05 0.8 7.4
E-7-Gn. 3741 125 - 99 - - - 13.7  0.04 36 2.9
E-21-Gn. 2.9 1.74 0.05 299 09 022 <0.02 529 002 0.1 4.12
E-12-7-Gn. 123 7.5 - 145 - - - 1.7 0.02 15 2.6
E-15-Gn. 158 7.5 - 41 - - - 4.2 0.03 15 4
E-20-Gn. 45 218 0.09 16.5 1 0.17 0.03 459 0.02 <01 587
Kp-Mt-7-Gn. 132 7.5 - 963 - - - 3.9 0.03 15 26.8
Kp-Mt-5-Gn. 106 297 0.15 666 0.6 026 0.09 423 0.04 23 64.2
Kp-Mt-4-Gn. 34 189 0.52 666 0.8 022 0.02 334 0.02 32 407
Kp-1-8-Gn. 7 66.8 0.1 666 1 10 0.04 524 0.02 5.5 40.4
Kp-9-Gn. 167 522 029 666 1.2 043 0.15 415 0.05 94 702
Kp-12-Gn. 54 116 - 736 - - - 3.2 0.04 15 29.7
Kp-4-Gn. 278 17 - 2581 - - - 3.5 0.03 15 60.3
Pm-31-Gn. 56.6 187 0.64 467 0.7 039 0.18 7.4 0.02 52 <1
Pm-16-Gn. 700 99 - 72 - - - 6.2 0.05 35 17.5
Pm-19-Gn. 1032 13 - 486 - - - 7 0.02 15 28.2
Mean 27637 65.77 035 69234 1.89 120 0.09 6.56 0.04 1072 28.24
Max. 3741 297 092 2581 810 10 0.18 23.10 0.07 36 70.20
Min. 0.2 1.74 0.05 13.60 040 0.06 002 1.14 002 0.10 2.60
Clark 125 55 045 0.2 0.05 0.08 15 0.2 0.17 1.8  0.07
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Fig. 7. A: Box plot showing concentration range of trace elements in galena samples from Pachi-Miana, Era and
KamarPosht fluorite deposits, B, C, D, E, F, G, H, I and J: Comparative plots showing trace elements concentration in
different generations of galena from Pachi-Miana, Era and KamarPosht fluorite deposits
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Fig. 8. Comparison between concentration range of trace elements in galena samples from Pachi-Miana, Era and
KamarPosht fluorite deposits and those of MVT, SEDEX and Irish-type deposits, Nakhlak and AbBagh depositsof Iran.
Data used for MVT deposits from Ye et al. (2011), Cook et al. (2009) and Monteiro et al. (2006); for SEDEX-type
deposits from Monteiro et al. (2006), Lockington et al. (2014) and George et al. (2015); for Irish-type deposits from
Wilkinson and Eyre (2005); for Nakhlak deposits from Jazi and Shahabpour (2010) and for AbBagh deposit from
Movahednia et al. (2013).
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Table 3. Calculated correlation coefficient between trace elements concentration in galena samples of Pachi-Miana, Era

and KamarPosht fluorite deposits

Ag As Bi Cd Ga

Hg Sb Se TT Cu Zn

Ag 1

As 043 1

Bi 0.12 0.11 1

Cd -0.08 -07 0.28 1

Ga 0.17 0.13 021 -0.42 1

Hg 0.02 0.11 0.15 039 035
Sb 066 033 -0.01 -027 0.04
Se -030 -0.16 -0.22 -030 -0.11
T1 082 041 052 0.23 0.16
Cu 043 052 027 0.10 -0.07
Zn 0.09 020 029 023 0.39

-0.21 1

-0.14  -0.12 1

-0.05 074 -0.37 1

0.10 043 -046 0.71 1

048 011 -0.12 030 0.30 1
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Fig. 9. Mineralogic phases inferred for specific metals in galena samples of Pachi-Miana, Era and KamarPosht fluorite
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Fig. 10. Presence of chalcopyrite, tetrahydrite and tenantite inclusions in galena samples from A: KamarPosht, and B:
Pachi-Miana deposits. Abbreviations after Siivola and Schmid (2007) (Gn: Galena, Ccp: Chalcopyrite, Thd:

Tetrahydrite, Tnt: Tenantite).
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Introduction

Trace elements including As, Sb, Bi, Ga, Ge, In,
Hg, Cd, T, Se and REEs have special applications
in various industries due to their physical and
chemical properties. Ore deposits of these metals
have not occurred in the Earth's crust, and these
elements are mainly hosted in sulfide minerals of
Cu, Pb and Zn (Hall and Heyl, 1968; Song and
Tan, 1996; Ye et al., 2011; George et al., 2015).
Elika Formation (middle Triassic) in central
Alborz is host of several carbonate rock-hosted
fluorite deposits such as Kamarposht, Pachi-
Miana, Shashroodbar and Era (Alirezace, 1989;
Rastad and Shariatmadar, 2001; Rajabi et al.,
2013; Vahabzadeh et al., 2014; Zabihitabar and
Shafiei, 2014; Mehraban et al. 2016; Nabiloo et
al. 2017). Despite previous valuable studies in
these deposits, the value of the presence of trace
elements in the galena of these deposits has not
yet been documented.

Materials and methods

For the current research study, sampling from 3
flourite mines including Kamarposht, Pachi-
Miana and Era was carried out to collect 26 pure
galena grains separated from various fluorite ore-
types. The samples were analyzed for trace
elements at the ICP-MS at Act Labs Ltd., Canada.

Results
The highest concentrations of trace elements in

galena samples were obtained for Sb (with mean
692 ppm and maximum concentration of 2531
ppm) and Ag (with a mean of 24.28 ppm and a
maximum concentration of 2531 ppm). The
lowest values were obtained for Bi (mean 0.04
ppm), Se (average 1.89 ppm) and Ga (mean 0.9
ppm) and T1 (mean 0.3 ppm). Hg (0.06 — 10 ppm),
Cd (1.14 — 23 ppm) and As (0.1 — 36 ppm)
exhibited a wide range of concentrations.

The comparison of the trace elements
concentration in the studied galena samples with
those of the MVT, SEDEX, Irish-type deposits
shows that the concentrations of Sb, Tl, Hg, Se
and Cu in the studied galena are close to the
values for MVT deposits, whereas the studied
galena samples are much poorer in Ag, Bi, Cd and
As than those of the MVT deposits. There is
meaningful relationship between concentrations
of some trace elements such as TI-Ag (r=0.82),
T1-Cu (r=0.71), Ag-Sb (r=0.66), Cu—Ag, Ag —
As, Cu—As, Sb —Cu, Hg— Zn, As — Sb, Hg — Cd,
Zn—Cu (0.3 <r<0.6).

Discussion

Our data revealed that galena samples are
relatively rich in Sb (up to 2581 ppm with an
average ~ 620 ppm) and Ag (up to 70 ppm with
an average ~ 30 ppm), whereas they are poor in
other trace eclements. Inter-clement relationships
in galena show strong correlation between Sb —
Ag (r>0.65) and moderate correlation between Ag
— As, Ag —Cu as well as Hg —Zn (0.4<r<0.6).
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Based on our data, high concentration of Sb and
Ag in galena could be related to the presence of
special minerals (e.g., tetrahedrite, stephanite,
diaphorite, twinnite) as inclusion in the host
galena, whereas the occurrence of not very high
concentrations of Cd and Hg and meaningful
relationship with Zn concentrations in galena
could be due to the presence of inclusions of
sphalerite (ZnS) and polhemusite (ZnHgS) in the
galena. Due to the large presence of galena
(several tens of thousands) in the studied fluorite
mines, and the relatively high concentration of Sb
and Ag in the galena samples of these deposits, an
assessment of the economic recovery on a
laboratory scale of these elements is suggested.
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