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ARTICLE INFO EXTENDED ABSTRACT

Article History Introduction

Received: 12 March 2020 There are several carponate-hosted Pb—Zn (F—B_a) deposits_in the central
Revised: 19 April 2021 Alborz zone hosted in the upper part of the Elika Formation. From an
Accepted: 25 April 2021 economic point of view, the most important deposits discovered to date

are Sheshroudbar, Pachi Miana, Kamarposht and Era. It makes the
central Alborz zone as one of the most important Pb—Zn (F—Ba) districts
in Iran. In this district, Elika Formation is restricted by NE-SW-trending

Keywords reverse faults and thrusted over the Shemshak Formation. The main
Pb-Zn (F-Ba) mineralization orebodies have occurred in open spaces which have been formed due to
Elika Formation the angles between normal and reverse faults in the carbonate rocks of
Sarcheleshk the Elika Formation (Tabasi, 1997). Some of these deposits have been
Savadkouh studied, and various models such as syn-diagenesis to epigenetic are
Mazandaran presented for ore genesis (Alirezaei, 1989; Gorjizad, 1996; Rastad and

Shariatmadar, 2002; Rajabi et al., 2013; Vahabzadeh et al., 2014;
Nabiloo et al., 2018).

Sarcheleshk is an abandoned mine of Pb—Zn (F-Ba) mineralization in
the central Alborz zone. Except for small-scale geological maps of the
area, i.e., 1:100,000 geological map of Pol-e-Sefid (Vahdati
Daneshmand and Karimi, 2004) and Semnan (Nabavi, 1988), previous
studies of Pb—Zn (F-Ba) mineralization at Sarcheleshk were limited and
include Mohammadi Lisehroudi (2019). In this contribution, we provide
the first detailed geological, mineralogical and geochemical studies in
) _ the Sarcheleshk deposit to reveal more details of the type and genetic
™ kouhestani@znu.ac.ir model of the ore formation.
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Genetic model and type of the Sarcheleshk Pb—Zn (F-Ba) deposit, Savadkouh area, ...

Materials and methods

Detailed field work has been carried out at different
scales in the Sarcheleshk area. A total of 60 samples
were collected from various parts of the orebodies,
host carbonate and mafic igneous rocks. The samples
were prepared for thin (n=32) and polished-thin
(n=12) sections in the laboratory of the University of
Zanjan, Zanjan, Iran. Eight representative samples
were from the ore zone, 1 sample from barren
dolomitic limestone and 3 samples from mafic
igneous rocks. They were analyzed for major, trace
and rare earth elements using XRF and ICP-MS in
the Zarazma Analytical Laboratories, Tehran, Iran.

Discussion and conclusion

The Sarcheleshk Pb—Zn (F—Ba) deposit is located 20
km southwest of Pol-e-Sefid, Mazandaran province.
The most important rock units exposed in this area
include early to middle Triassic dolomitic limestone
(Elika Fm.), late Triassic gypsum, dolomitic
limestone and marl (Paland Fm.), late Triassic mafic
igneous rocks, late Triassic to early Jurassic shale,
siltstone and sandstone (Shemshak Fm.), middle
Jurassic ammonite-bearing marl, calcareous marl
and marly limestone (Dalichay Fm.), late Jurassic
cherty limestone and dolomitic limestone (Lar Fm.),
and early Eocene Alveolina—Nummulitic limestone
(Ziarat Fm.).

Mineralization at Sarcheleshk occurs as strata-bound
orebodies hosted by dolomitic limestone of Elika
Formation, and controlled structurally by faults,
fractures and dissolution collapse breccias. The ore
veins have a varying width from 0.5 to 1.5 m.

Detailed field geology and petrographic studies
indicate that wall-rock alterations developed at the
Sarcheleshk  deposit  include  dolomitization,
silicification, and calcitization. The ores at
Sarcheleshk are dominated by galena, sphalerite,
pyrite, fluorite, and barite, with lesser, chalcopyrite,
and tetrahedrite, all of which are hosted by a
dolomite, calcite, and quartz gangue assemblage.
The ore minerals show vein-veinlets, open space
filling, Dbrecciated, rhythmic, disseminated,
replacement, and relict textures. The mineralization
process at Sarcheleshk can be divided into three
stages. Stage 1 is diagenesis stage represented by
rhythmic texture of fluorite, galena, sphalerite, and
calcite bands. Stage 2 (epigenetic stage),
volumetrically most important, is marked by fluorite-
sphalerite-galena-pyrite-chalcopyrite, barite-pyrite
and barite-calcite, and late-stage calcite veins and
veinlets. Stage 3 is the supergene mineral
assemblages consisting of smithsonite, cerussite,
chalcocite, covellite, azurite, and goethite. The ore
samples and mafic igneous rocks show different
Chondrite-normalized trace and REE patterns,
indicating that they are genetically unconnected. It is
declined syn-sedimentary and/or hydrothermal
igneous origins for the Sarcheleshk deposit and
specify that basinal brines may have played a role in
Pb—Zn (F-Ba) mineralization at the Sarcheleshk
deposit.

Our data suggests that the Sarcheleshk deposit is a F—-
Ba-rich MVT deposit and is comparable with other
Pb—Zn (F-Ba) deposits of central Alborz zone.
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Fig. 1. A: Tectonic map of Iran (modified from Alavi, 1991) together with the location of the Sarcheleshk area in the
Alborz zone, and B: Simplified regional geological map of the central Alborz zone (modified from Vahdati Daneshmand
and Saeidi, 1991; Vahdati Daneshmand, 1992; Aghanabati and Hamedi, 1994; Amini and Khalatbari Jafari, 1998)
showing location of the Pb—Zn (F-Ba) deposits in the Elika Formation
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Fig. 3. A: View of rock units of Elika and Paland Formations in the Sarcheleshk area thrusted over Shemshak Formation
and in turn covered conformably by mafic igneous rocks, looking southwest, B: View of Shemshak and Paland Formations
and mafic igneous rocks in the Sarcheleshk area, looking northeast, C: View of mafic igneous rocks as well as Shemshak,
Dalichay and Lar Formations in the Sarcheleshk area, looking northeast, D: Close view of basaltic lava with pillow
structure, E: View of sheeted gabbro over the carbonate rocks of Paland Formation, looking northeast, and F: View of
diabasic dikes crosscutting volcanic-subvolcanic strata, looking northeast
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Paland
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mineralization
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Upper part of Elika
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Fig. 4. Lithostratigraphy column of the Sarcheleshk deposit
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Fig. 5. A: View of the Sarcheleshk mine within dolomitic limestone of Elika Fm., looking northeast, B: View of barite-
calcite vein within dolomitic limestone of Elika Fm., and its excavated extraction tunnel, looking to the north, C: Close
view of calamine mineralization in the wall of extraction tunnel, D and E: Sulfide mineralization (galena and sphalerite)
along with calcite and fluorite in mineralized veins, F: Cu mineralization (azurite) evidences within cracks of host
dolomitic limestone near the fluorite vein, G: Late-stage calcite with vug infill texture in fluorite-galena vein, and H:
Breccia clast of dolomitic host rock set in sulfide mineral matrix. Abbreviations after Whitney and Evans (2010) (Az:
azurite, Brt: barite, Cal: calcite, Clm: calamine, Dol: dolomite, FI: fluorite, Gn: galena, Sp: sphalerite).
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Fig. 6. Photomicrographs (transmitted plane-polarized light, PPL) of hydrothermal alteration in the Sarcheleshk deposit.
A and B: Dolomite crystals in the dolomite alteration, C and D: Coarse-grained calcite crystals in the calcite alteration,

E: Late-stage calcite veinlet crosscut mineralized veins, and F: Fine-grained quartz aggregates in the silicified zone.
Abbreviations after Whitney and Evans (2010) (Brt: barite, Cal: calcite, Dol: dolomite, FI: fluorite, Opq: opaque minerals,

Qz: quartz, Sp: sphalerite).
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Fig. 7. Photomicrographs (reflected light) of mineralogy of the Sarcheleshk deposit. A: Disseminated fine-grained pyrite
(Py3) in silicified carbonate rocks, B: Inclusions of fine-grained pyrite (Py1) in sphalerite (Spl), C: Intergrowth of
sphalerite (Sp2) and galena (Gn2), D: Inclusions of fine-grained galena (Gn2) in sphalerite (Sp2), E and F: Anhedral
galena (Gn2) replaced by cerussite. Abbreviations after Whitney and Evans (2010) (Cer: cerussite, Gn: galena, Py: pyrite,
Sp: sphalerite).
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Fig. 8. Photomicrographs (A to D in reflected light and E in transmitted polarized light, XPL) and hand specimen photo
of mineralogy of the Sarcheleshk deposit. A, B and C: Anhedral to subhedral chalcopyrite replaced by chalcocite, covellite
and goethite, D: Fine inclusion of tetrahedrite in galena (Gn2), E: Barite veinlets (Brt2) crosscut fluorite (FI2)-sphalerite
(Sp2) vein, and F: Galena (Gn1)-sphalerite (Sp1)-fluorite (FI1)-calcite (Call) bands with rhythmic texture. Abbreviations
after Whitney and Evans (2010) (Brt: barite, Ccp: chalcopyrite, Cct: chalcocite, Cv: covellite, Fl: fluorite, Gn: galena,
Gth: goethite, Sp: sphalerite, Ttr: tetrahedrite).
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Fig. 9. Sequence of mineral paragenesis in the Sarcheleshk deposit
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Table 1. Geochemical data of major and ore-forming elements of the representative samples from the Sarcheleshk deposit.

All data in wt.%.

D.L. S-2 $3 S73 S74 S75 S77 S-79 S8 S8 S-90 S91 S92
Si02  0.05 3.79 3.58 8.61 383 18.54 4498 1142 5152 431 4633 43.72 4537
CaO 0.05 18.04 52.88 46.17 48.49 41.36 1795 52.79 24.5 51.5 1447 1494 15.52
Fe:Os 0.05 0.08 0.25 0.32 048 0.15 14.13 0.26 0.58 0.02 9.09 13.64 10.95
KO0 0.05 0.07 0.17 0.1 0.15 0.09 0.27 0.07 0.17 0.05 11.82 10.76 14.13
MgO 0.05 0.11 0.05 0.09 048 0.07 645 0.15 0.12 0.04 059 123 0.27
MnO 0.05 n.d. n.d. n.d. n.d. nd 014  0.01 n.d. nd 1292 932 745
P:0s 0.05 n.d. 0.01 0.01 0.02 001 0.24 n.d. 0.02 n.d. 025 020 0.14
TiO2  0.05 n.d. 0.02 0.01 0.02 0.02 1.71 0.02 0.06 n.d. 227 343 348
SOs 0.05 19.91 1.53 0.08 0.07 1.04 0.13 3.04 2.85 0.04 - - -
Zn 0.01 29.6 1.04 325 398 1.08 0.02 0.19 0.05 2.9 - - -
Pb 0.01 0.04 0.01 0.01 029 3.74 0.0l 9.11 8.43 0.05 - - -
F 0.01 <0.01 36.6 33.1 30 247 <0.01 <0.01 <0.01 36.1 - - -
LOlI 0.05 27.01 4.63 7.11 11.69 9.17 13.55 2345 12,16 455 223 240 241
Total - 98.65 100.77 98.86 99.50 99.97 99.58 100.51 100.46 9991 99.97 99.64 99.72

S-2: calamine ore; S-3, S-73, S-74 and S-81: fluorite + sphalerite ore; S-75: fluorite + sphalerite + galena ore;
S-77: barren dolomitic limestone; S-79 and S-80: galena-bearing dolomitic limestone; S-90: gabbro, S-91: diabase, S-92:

basalt
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Table 2. Geochemical data of trace and rare earth elements of the representative samples from the Sarcheleshk deposit.

All data in ppm.
DL S-=2 -3 S73  S74  s75  S77  S79  S-80 M-81  S90 S-91 S92
Ag 0.1 1 0.7 0.2 1.6 8.5 0.2 14.5 12.5 0.2 - - -
As 0.1 4.6 48.7 23.2 >100 >100 8 50.4 >100 13.7 208 09 7.67
Ba 1 13 16 14 15 15 301 14 22 14 673 925 252
Be 0.2 0.7 0.7 0.7 0.7 0.7 <0.2 0.7 0.7 0.7 1.04 1.5 0.6
Cd 0.1 548 24.9 65.2 51 24 0.1 23.8 11.2 90.9 0.13 0.1 0.2
Ce 05 4 6 5 6 6 32 5 5 5 56 77 33.5
Co 1 4.7 <1 1 1 1.1 41.5 <1 <1 <1 40.94 36.7 445
Cr 1 4 3 3 4 4 147 3 7 2 254 205 1925
Cs 0.5 <0.5 <0.5 <0.5 <0.5 <0.5 42 <0.5 <0.5 <0.5 1.44 1.8 3
Cu 0.1 441 95 199 229 1331 147 113 2864 87 83.88 63 1245
Dy 0.02 0.37 0.44 0.52 0.49 0.42 4.41 0.51 0.4 0.43 467 459 5.1
Er 0.05 <0.05 0.07 0.11 0.09 <005 239 0.07 <0.05 0.06 2.5 236 2.8l
Eu 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 1.43 <01 <0.1 <0.1 1.73  2.06 1.36
Gd 0.05 <005 <0.05 <0.05 <0.05 <005 375 <005 <005 <0.05 513 561 451
Hf 0.5 <0.5 <0.5 <0.5 <0.5 <0.5 1.94 <05 <0.5 <05 312 371 217
La 1 1 2 2 2 2 14 2 2 2 31.63 47 17.5
Lu 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 028 <01 <0.1 <0.1 032 032 0.32
Mo 0.1 1.1 10.1 1 4.8 5.7 0.3 1.2 17.8 0.6 0.1 0.1 0.1
Nb 1 <1 1.1 <1 <1 <1 17.7 <1 1.2 <1 2858 29.8 164
Nd 0.5 <0.5 <0.5 <0.5 <0.5 <0.5 13.8 <05 <0.5 <0.5 2633 327 154
Ni 1 18 10 12 14 10 96 5 6 10 145 129 109
Pb 0.1 406 122 38 2879 37400 97 91100 84300 447 104 9 381
Pr 005 <0.05 <0.05 <005 <0.05 <005 234 <005 <005 <005 696 896 3.74
Rb 1 <1 <1 <1 2 <1 4 <1 3 <1 26 33 13
Sbh 05 13 22.7 10.9 27.6 44.8 5.3 47 >100 8.5 0.58 0.5 0.8
Sc 05 <0.5 <0.5 <0.5 0.7 <0.5 28 <0.5 <0.5 <05 268 212 2695
Sm 0.02 <002 <002 <0.02 <002 <002 333 <0.02 <002 <0.02 52 585 382
Sn 0.1 0.5 0.5 0.4 0.5 0.5 1 0.4 0.6 0.4 1.33 1.5 0095
Sr 1 69.3 123.6 87 188.7 2419 4372 2255 3462 672 489 499 542
Ta 0.1 0.26 0.23 0.22 0.24 0.22 1.28 0.3 0.25 0.26 228 139 3.71
Th 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.68 <01 <0.1 <0.1 076 0.81 0.75
Th 0.1 0.39 0.7 0.66 0.74 0.55 2.03 0.43 0.5 0.56 495 6.17 2.14
Tm 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 039 <01 <0.1 <0.1 036 034 035
U 0.1 6 1 1.8 5.5 5.9 0.4 2.6 8.03 1.1 0.96 1 0.9
V 1 20 22 12 27 52 202 26 149 4 186 160 192
W 1 <1 <1 <1 <1 <1 <1 <1 <1 <1 1 1 1
Y 0.5 2.4 4 4.9 4.2 3.7 20.7 34 2.8 4.3 20.23 21.7 20.05
Yb 0.05 0.1 0.1 0.1 0.1 0.1 1.9 0.1 0.1 0.1 495 3.10 2.65
Zn 1 326300 10400 32500 39800 10800 149 2052 513 29000 106 86 209
Zr 5 <5 <5 <5 <5 <5 66 <5 6 <5 80.5 142 108.5

S-2: calamineore; S-3, S-73, S-74 and S-81.: fluorite + sphalerite ore; S-75: fluorite + sphalerite + galena ore; S-77: barren
dolomitic limestone; S-79 and S-80: galena-bearing dolomitic limestone; S-90: gabbro, S-91: diabase, S-92: basalt
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Fig. 10. A: Chondrite-normalized trace element patterns of mafic igneous rocks, barren dolomitic limestone and
mineralized samples in the Sarcheleshk deposit. Normalization factors are from McDonough and Sun (1995), and B:
Chondrite-normalized REE patterns of mafic igneous rocks, barren dolomitic limestone and mineralized samples in the
Sarcheleshk deposit. Normalization factors are from McDonough and Sun (1995)
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Fig. 11. A: Loss and gain diagrams for trace elements for the mineralized samples in the Sarcheleshk deposit normalized

relative to barren dolomitic limestone (sample M-77, Table 1 and Table 2). B: Loss and gain diagrams for REE for the
mineralized samples in the Sarcheleshk deposit normalized relative to barren dolomitic limestone (sample M-77, Table 1

and Table 2).
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Table 3. Comparison of main characteristics of Sarcheleshk deposit with Mississippi Valley-type deposits

Sarcheleshk

MVT

Tectonic setting

Host rock

Mineralization style

Magmatism association

Ore controls

Hydrothermal alteration

Ore texture

Mineral assemblages

Gangue minerals

References

Folded thrust belt, central Alborz zone

Dolomitic limestone

Epigenetic, strata-bound

Not associated with igneous activity

Faults and fractures, dissolution collapse

breccias

Dolomitization, silicification,

calcitization

Open space filling, brecciated, vein-

veinlets, replacement, rhythmic

Gn, Sp, Py, Ccp

Dol, FI, Brt, Cal, Qz

Mohammadi Lisehroudi (2019); This
study

Foreland thrust belts

Dolomite, limestone

Epigenetic, strata-bound, locally stratiform

Not associated with igneous activity

Faults and fractures, dissolution collapse

breccias, and lithological transitions

Dolomitization, silicification

Replacement, open space filling,

brecciated, zebra

Gn, Sp, Py, Mrc, Ccp, Bn, Cct

Dol, FI, Brt, Cal, Qz

Leach et al. (2005); Paradis et al. (2007);
Leach and Taylor (2009)

Abbreviations: Bn: bornite, Brt: barite, Cal: calcite, Ccp: chalcopyrite, Cct: chalcocite, Dol: dolomite, FI: fluorite, Gn:
galena, Mrc: marcasite, Py: pyrite, Sp: sphalerite, Qz: quartz. Abbreviations after Whitney and Evans (2010).
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Table 4. Comparison of main characteristics of Sarcheleshk deposit with some Pb—zn (F-Ba) Mississippi Valley-type
deposits in the Savadkouh area

Sarcheleshk Pachi Miana Emaft Sheshroudbar Kamarposht
Dolomitic Dolomitic . Dolomitic Dolomitic
. . . . Limestone, . . . .
Host rock limestone, Elika limestone, Elika . limestone, Elika  limestone, Elika
Tizkouh Fm.
Fm. Fm. Fm. Fm.
Faults and
Faults and Faults and Faults and Faults and
fractures,
fractures, fractures, . . fractures, fractures,
Ore controls . . . . dissolution . . . .
dissolution dissolution collapse dissolution dissolution
collapse breccias  collapse breccias brech;as collapse breccias  collapse breccias

Hydrothermal
alteration

Ore texture

Mineral
assemblages

Gangue
minerals

References

Dolomitization,
silicification,
calcitization

Open space filling,

brecciated, vein-
veinlets,
replacement,
rhythmic

Gn, Sp, Py, Ccp

Dol, FI, Brt, Cal,
Qz

Mohammadi

Lisehroudi (2019);

This study

Dolomitization,
silicification

Rhythmic, open
space filling,
brecciated, vein-
veinlets,
replacement

Gn, Sp

Dol, FI, Brt, Cal

Gorjizad (1996);
Davoudi (1998)

Dolomitization,
silicification

Open space
filling, vein-
veinlets

Gn, Sp

Dol, FI, Cal, Qz

Vahabzadeh et
al. (2008);
Vahabzadeh et
al. (2009)

Dolomitization,
silicification

Rhythmic, open
space filling,
brecciated, vein-
veinlets,
replacement

Gn, Sp, Py, Ccp

Dol, FI, Brt, Cal

Shariatmadar
(1999); Rastad
and
Shariatmadar
(2002)

Dolomitization,
silicification

Rhythmic, open
space filling,
brecciated, vein-
veinlets,
replacement

Gn

Dol, FI, Brt, Cal,
Qz

Nabiloo et al.
(2018)

Abbreviations: Brt: barite, Cal: calcite, Ccp: chalcopyrite, Dol: dolomite, Fl: fluorite, Gn: galena, Py: pyrite, Sp:
sphalerite, Qz: quartz. Abbreviations after Whitney and Evans (2010).
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Fig. 12. A, B, C and D: Schematic model showing the geological evolution history and formation of the Sarcheleshk
deposit. See text for details.
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