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1-Introduction

A great source of the lead and zinc are sedimentary hosted deposits all around the world. They consisting of two
large groups, including detrital sedimentary rocks (SEDEX) and carbonate host (MVT and Irish) hosted deposits
(Goodfellow and Lydon, 2007; Leach et al., 2010; Wilkinson, 2014). Due to extensive exposures of the
carbonate and detrital sedimentary rocks in Iran, it also a candidate for the pervasive distribution of the MVT
and SEDEX type deposits. There are ~300 sedimentary rocks hosted lead, and zinc deposits have been reported
in our country in which 285 cases occurred in carbonates, and the remainings in detrital sedimentary rocks
(Rajabi et al., 2012). Gardanehshir Zn-Pb carbonate-hosted deposit is located in the southwestern margin of the
Central Iranian structural zone. Central Iran structural zone has experienced a compressional tectonic regime
related to the Neotethyan Oceans closure during Late Cretaceous time (Madanipour et al., 2018). Reactivation
of the Qom-Zefreh basement fault is one of the significant evidence of this compressional event in the central
Iranian basin (Porouhan et al., 2003).

2-Methodology

The main controlling factor in sulfide mineralization and alteration (Dolomitic and silicic) is the structures
effect, especially fault zones on a local and regional scale. We have then analyzed the kinematics of the primary
ore controlling faults in the Gardaneshir area (Fig 1). Based on our structural investigations, sulfide
mineralization mainly occurs as vein and veinlet, replacement, and brecciated zones along strike-slip with
normal component and normal to strike-slip component faults as well as Triassic Dolomites (Shotori Formation)
thrust over Triassic sandstone and shale of the Naiband Formation (Fig. 1). Aside from sulfide mineralization,
there is some evidence of oxide outcrops that resulted from the weathering of the sulfide one. The non-sulfide
mineralization without any distinct texture occurred in red and white rock facies n the Gardaneshir area. The red
mineralization is directly substituted with the sulfide ore, and the carbonate host replaces the white one.

3- Results and discussion

The mineralization in these deposits is in vein-veinlet, breccia, filling of karstic cavities with dolomitization and
silicification, and mainly controlled by strike-slip faults with the normal component and normal faults with
strike-slip component those are the cross-cutting older generation of thrust faults (Fig. 1). Fluid inclusion
analysis of the sulfide ore minerals related fluids represents an irrigation fluid with the salinity of 23.26 to 18.6
percent by weight of salt, the temperature ranges between 91-162 °C, and a density of 1.09 - 0.56 grams per
cubic centimeter, which is similar to fluids of MVT type deposits (Wilkinson, 2001; Fig. 2).

4-Conclusions
Taking together the comparison of Gardaneshir mineral deposit, characteristics index specification with
sedimentary hosted lead and zinc deposits (MVT, Irish, and SEDEX type), it would summarize that the
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Gardaneshir deposit could compare to MVT deposits as it developed in the sedimentary carbonate host and
controlled by orogenic foreland basin.
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Fig. 1. Rose diagrams of faults and fractures associated with mineralization in, 1- Gol Moinaei (South section garage), 2- Derrey Gargi
(tunnel section), 3- Bande-Ghar (Tranche), 4- Bande-Ghar (tunnel section), 5- Hassan Abad (tunnel section), 6- Hassan Abad (Tranche),
and 7- All the fault zones associated with mineralization in the Gardaneshir mineralization area.
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Fig. 2. (a) Fluid inclusion analysis data from Gardaneshir deposit plotted on Temperature-Salinity diagram of zinc and lead deposits, (b)
Distribution of the fluid inclusion data set of Gardaneshir mineral area deposits (Gol Moinaei, Derrey Gargi, Bande-Ghar, and Hassan
Abad districts) on the temperature-salinity grade diagram (Wilkinson, 2001). Data set of different districts has been separated by color
bars from each other, and (c) Evolutionary process Th-salinity diagram of different fluids represent dilution process for the fluids of
Gardaneshir deposit (Wilkinson, 2001).

Index Characteristics of the Irish-type ore deposits are mineralization in extensional basins, carbonate host rock
and also the presence of some volcanic and pyroclastic rocks, presence of substituted and brecciated textures,
mineralization and elemental zoning, fluids homogeneity temperature of 70 -270 °C, and 28 - 48 % by weight of
salt salinity and very much appearance of barite (Hitzman et al., 2003; Wilkinson et al., 2005; Wilkinson 2014).
However, MVT type mineral deposit is characterized by their generation in orogenic foreland basins, thrust fault
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related occurrence of mineralization, dolomite as host rock, void filling and brecciated texture, low temperature
of fluids, and tiny occurrence of barite (Leach et al., 2010; Wilkinson, 2014).

Then we conclude that the Gardaneshir Zn-Pb deposit has excellent affinities with MVT type deposits. The
structural analysis results have also determined that significant mineralization in the Triassic dolomite has
occurred during strike-slip with normal component faulting. The considerable difference between the age of the
host rock (Middle Triassic) and mineralization event (post-Late Cretaceous) is one of the significant
characteristics of the Gardaneshir MVT deposits that can be compared with other MV T-type deposits in Iran,
including the Shahmirzad deposit (Bazargani et al., 2011), Darreh Zanjir deposit (Maghfouri et al., 2017) and
Nakhlak deposit in the Yazd Block (Jazi et al., 2017).
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Fig. 1 (a) The Location of Gardaneshir ore deposit in the structural tectonic map of Iran (modified after Aghanabati, 2004 and Alavi, 1994).
Al, Alborz zone; CIGS, Central Iranian geological and structural gradual zone; E, East Iran ranges; K, Kopeh-Dagh; KT, Khazar-Talesh-
Ziveh structural zone; L, Lut block; M, Makran zone; Oph, Ophiolite belts; PB, Posht-e-Badam block; SSZ, Sanandaj-Sirjan zone; T, Tabas
block; TM, Tertiary magmatic rocks; UDMA, Urumieh-Dokhtar magmatic arc; Y, Yazd block; Z, Zabol area; Za, Zagros ranges, (b) Map of
the access roads to the Gardaneshir ore deposit, and (c) Satellite image (ASTER) of the Gardaneshir ore deposit in the near of Zefreh fault
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Fig. 4. (8) Thrusting of of the Shotori carbonatic Formation (TRsh) on the Nayband shale Formation (TRn) and interruption of this
thrust fault with normal strike-slip faults along the northeast-southwest (in the Hassanabad deposit), (b) View of the normal strike-
slip fault zone, (c) Close-up view of the square box in the figure (b) and the S and C structures in the downward part of the fault zone
showing the strike-slip deformation in the altered dolomitic lenses (DH: Hydrothermal dolomite, Gn: Galena, Dsh: Dolomite
Shotori).
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Fig. 5 (a) Vein texture, (b) Crushed brecciated texture, (c) Mosaic brecciated texture, (d) Ruble brecciated texture, (e) Vein-
brecciated texture with siliceous alteration, (f) Crustal tissue derived from alternating growth of sulfide minerals (galena and
sphalerite) with barite minerals symmetrically relative to the center. Sulfide minerals are also found in parts of the host rock to be
disseminated (diamine), (g) Coloform texture as a result of the growth of sulfide minerals with barite on the surface of the open
spaces, (h) Host rock dolomites replaced with sulfide minerals, (i) Sulfide mineralization in the form of open space filling and galena
replaced with sphalerite, and (j) Galena replaced with sulfosalate minerals. (Dsh: Shotori dolomite, DH: hydrothermal dolomite, SiH:
siliceous alteration, Gn: galena, Sph: sphalerite, Ba: barite).
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Fig. 5 (a) View of the karst carbonate phenomenon parallel to the fault zone fractures (oxidized supergene mineralization of the Gol
Moinaei deposit in workshop no. 3, (b) Zinc-rich stalactite (hem: Hemimorphite) (c) White ore facies of Hassan abad deposit, (d)
Red ore facies, and (e) Carbonatic karst filled with red ore facies fragments.
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Table 1. Quantitative EPMA analysis of galena (Gn) and sphalerite (Sph) minerals in the vein-veinlets parts of the Gol Moinaei

deposit. It should be noted that the values of cobalt, gallium and germanium have been measured as zero percent (numerical values in

table by weight percent, Bdl: blew detection limit).

Point.No S Ti Mn Fe Ni Cu Zn As Se Ag Cd Sb Pb
1-ZnS 32.88 0.01 0.02 0.24 Bdl 0.09 66.97 0.07 Bdl 0.01 0.12 0.12 0.23
2-ZnS 33.97 0.02 0.02 0.24 Bdl 0.28 65.66 0.05 Bdl 0.05 0.11 0.04 0.14
3-ZnS 33.72 0.02 0.02 0.06 0.04 Bdl 65.86 Bdl Bdl 0.06 0.07 Bdl 0.06
4-PbS 12.76 bdl Bdl 0.35 0.1 Bdl 0.13 Bdl 0.13 Bdl Bdl Bdl 86.66
5-PbS 13.45 0.03 0.04 0.35 0.01 Bdl 0.18 Bdl 0.03 Bdl 0.07 Bdl 85.77
6-ZnS 334 0.02 Bdl 0.24 0.1 0.03 65.31 Bdl Bdl Bdl Bdl Bdl 0.18
7-ZnS 33.8 bdl 0.01 0.1 0.35 Bdl 65 Bdl Bdl 0.04 0.09 0.01 0.09
8-PbS 13.87 Bdl Bdl 0.33 0.15 bdl 0.06 Bdl 0.02 Bdl Bdl Bdl 86.11
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Table 2. General paragenetic sequence of sulfide and non-sulfide minerals, alteration and important textures in the Nakhshir mining
area deposits. Dol I- Dol |1 first generation dolomite (diagenetic dolomite) and second generation dolomite (hydrothermal dolomit).

Stage Sedimentary to late- Mineralization Uplift and

Minerals diagenetic weathering
Dolomite T =AM Y]
Quartz - —
Barite
Pyrite —
Sphalerite — |
Galena
Smithsonite ssssssmEEEEmEE
Hemimorphite sssEsEEsEEEEEE
Hydrozincite ssmsmEEEEEEEEE
Cerussite ssssssssmnsnns
Covellite sssssmEmsEEEEE
Malachite EEEEEEEEEEEEER
Goethite/Hematite .

Vein and Veinlets
Texture Replat_:ement

Breccia

Open Space filling

Dolomtization . —
Alteration | gyjicification

- ——

At

R & b
BRI RN 2N
(UF st




Y O)LQ-I:’ AR 0)90 A4 J.ula

Y

A iy (69,15 (ol (ye)

b LV gl 2 656 50 g5 5l addlle 050 Jlow slabiols
o S3an 5 635 ol S 5 00,0 VE BT o (Sady az
b 5 85 el i ySee 10 BV 51 YL o5l (VY S sl

loads Kad mle 56w miw Lo 5y sla (5,55 o5l

Jiw oy lileo (2wlos
535,18 loalS SVl Jgoo g Lide st 50 coten L sl blos
Joms ol 5 (Sajed Sloogas g Lice sl (sl solS lsie &
(Wiesheu and Hein, 1998) w5 o ;1,8 solitul 5,50 loails

-
L~ N~ I -
(ND)/ | -.’
L doum 10 -

d5C pslas 5 Cunglys sla 5 Jlow slo)lils b ol Lai e D 58 gl dain F oxe dilaie slo)luils ;o (556 90 adgl Jlow slaylilos 5 (s pglas -V o
el o ools Lz (ND: Necking down) S pes sasay (@) pgas 50 .aidboo 35,155 sla S5 Jlow sla,liles b das pe

Fig. 7. Photomicrographs of two-phase primary fluid inclusion in the Gardaneshir deposits (Figs a and b are fluid inclusions in the
dolomite minerals and ¢ and d are fluid inclusions related to quartz minerals). Figure (d) shows the phenomenon of necking down.

S50 3,188 G 1 i (Kes glos (A UK 5 Y Jguz) el s
009 o Kl 4,0 VOV (uKibo L VF e B AA o oLy LSy
4 WP uSilo LVOF B Y (o Les ol Sgmge Caonoslys S 0 s
N0 g =YY B VO o 5 go o9d o 3T (sled ol (oo o Sl
288 wdlion e Sanglys g 5l Gl lp s 4T
VA ol S5 50 s TVO 5055 S 5 658 uSles (bl o

LOSY G5 o slan JLsls 518 S5 0 ool oKes sbes

Sleass JLuls conglgs SIS 50 5 009 ol Kl az 0 VIV Kl
oo aily go o, Xl azy0 VEY .0 LYOA B AA 0 Les 0yl
Glp e 4 =YVY B -V0 9 -Y) B VT o 56 G gd 0,5

Ol bl cpl  aS Wil oo e Congles g 3l e SIS

R s
i[!flk.’gl/.a"tw’apb

Sod (Si5 o, VY Cooglss SIS 50 9 YYIF 35l SIS 0 (5,98
S0 s (R sles (A S 5 ¥ Jgaz) Conl o dsulons plabs
VIV 0eSle LVAY U AN G Sluge S Ll 50 05290 35,18
VYO e Led ol 95250 Cnglgs SIS 50 g sl 009y o Lislus a0
& osd oy gles ol e of Sl ax 0 VP Sl LVOA L
S YRR (O FYRREE RN VIR B VA u FEER T A P R (A G AV A ROV O

VY5l ggomme jo (A US89 7 Jguz) abl (oo plab Sias (539 2o
s )5 (Gaxe adlaie gla,LlS )0 eals (g yS oIl Sl sl lilee
VF2 oSl job a) ol Kl az )0 VAV 0 ol Ko oo
@) pbb S G55 2o )0 YYIV U VA (5,08 ol 5 (o, Tl 4z j0
Jsaz) el oads (6,563l (plab Sas S35 oy YVF nls 5
(A JS g Y

2 G35l ebusl (pl a5 Adl e piie Zueglgd g lsS

@ plb S (Gi9 90)d YVIT 5 YVA i @y Caeglss 5 35,155 SIS

e d3n S Sase dilaie i b, Luils o ead (5,803l Jlew sla bl s -Y Jgan
Table 3. Summary of fluid inclusion micro-thermometric data in the different ore deposits of Gardaneshir mining area.

Size Tm-ice (°C) Wt. % NaCl Th l-v(°C)
Ore Deposits Mineral Frequency Ma
Facies Min Ave " Min | Ave Max Min | Ave | Max | Min | Ave | Max
Quartz 6 6 | 85 | 11 | -21 | 20 | 194 | 22 | 224 | 231 | 160 | 18 | 162
Bande 7
Ghar . R -
Dolomite 11 7 11 15 212 | 185 -155 | 19.1 | 213 | 232 98 143 158
' Gol Quartz 7 6 9 13 205 | 192 -15.5 19 21.8 | 22.7 98 147 161
Veinand |\, %o - - 113
Breccia Dolomite 9 6 125 16 213 | 186 -16 19.7 | 214 | 232 5 140 159
Hassan Quartz 6 6 9 13 212 | 187 -1563 | 189 | 215 | 232 98 151 160
Abad Dolomite 8 6 125 16 -21 15; 3 -15 186 | 21.2 | 231 91 136 156
Average - - 10.4 -18.8 21.6 146

\ta1



Y O)LQ-I:’ AR 0)90 A4 )"*’l)

oz

I Gol Moinaei

Bande Ghar

zation temperature (°c)

Salinity (wt % NaCl equiv

a0-1 10 130-15 o1
Homogeni.

d

REQUENCY

REQUENC

a
Il Dolomite
. IRQuart.
B
B
I | ]
Homogenization |nn|u'rglun )
c
. ‘
[ ]
| I | |
Saliey (w1 %4 NaC equiv)

Gleay sl Luls o FiloS 5 Cungles s S5 (@) bl p pBais I Jose adlate [0 eud S0l Jlew sla bl ol Kes slos Sl s Jloged A S
Hlean o, Luils (@) 5 35,055 5 Cunglgs sla SIS (€) ulul p uiais S Saxe ddlaie ;0 o (6 ,So5lal Jlow slobisbe (6595 Sl paais Jloges . Slisga JS g LT Cymu

(Slaga 5 5 oLl

Fig 8. Histogram of homogenization temperatures of fluid inclusions in the Gardaneshir deposits, based on (a) minerals (dolomite
and quartz), and (b) deposits (Hassan Abad, Bande-Ghar, Gol Moinaei). Histogram of salinity for fluid inclusions in the Gardaneshir
deposits, based on (c) minerals (dolomite and quartz) and (d) deposits (Hassan Abad, Bande-Ghar, Gol Moinaei).
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Fig. 9. (2) A three-dimensional figure of the effective geodynamic model on the formation of ore deposits in the Gardaneshir
mining area deposits (modified from Bradley and Leach, 2003), (b) Three-dimensional shape of the Shotori dolomitic Formation
(TRsh) thrusted on the Nayband Formation (TRn) and sulfide mineralization formed in relation with normal and normal strike-slip
strike-slip faults, (c) After sulfide mineralization, meteoritc waters pass through carbonate units (up to impermeable shale subunits of
the Nayband Formation) through fractures. Mixing of groundwater and meteoritc waters with sulfide mineralization, they create a
large volume of acidic waters, which results in the expansion of soluble cavities, increased permeability and the formation of zinc
oxide minerals. Subsequently, large portions of sulfide minerals are converted to red and white non-sulfide ores by acid oxidant
waters. Red-type ore is seen as a direct succession of primary sulfide ore at high levels and white ore as a succession of carbonate
portions of the host rock in the deeper portions. At this stage, traces of primary sulfides are also found within the un-sulfide parts.

\fai



Y O)l&.o:) AR 0)50 A4 J.ul)

A iy (69,15 (ol (ye)

Y

R & b
BRI RN 2N
(UF st

Homogenization temperature (°C)

:‘ e[l b 5 25
i S
} o
i 2 o3 %
E (@) .
| ©
2 PRPR-
—Skam X2 5 o L Lo
400- 1 E . =
(| > 19 .
e || €
200 : ,,M T
S Irish-type "~ @ w 17 . . .
55 »
o - 85 100 115 130
0 / Th/°C
T T T
0 20 40 60

Salinity (wt.% NaCl equiv.)

5 Qlean) dain S Sams ailate gla )Ll Jlw sloylils Combge (0) (g )psiles Hloses 8 pdain )T Sans adbie Jlw glo)lple SusSTy @ -V S
anlllas 5590 iS55 g S con 5 Jlow sla il anlllae 5l onel sy blis 51 G 4o (WilKINSON, 2001) ()98 ax 0 - Lo Jloges 59, » (bl 5 Sluge
2 Sas Gd, anld 5l las (Wilkinson, 2001) cilise slaJlw ol sladaws,, Th —salinity o SLs €) wilews 3 lax K0% 5 Lasie (S, oles b

SRS o pddid S Suwe adlaie sla LS
Fig. 10. (a) Distribution of the fluid inclusions in the Gardaneshir deposits in the temperature-salinity diagram, (b) The position of
fluid inclusions of the Ghershir deposits (Hassan Abad, Bande-Ghar, Gol Moinaei) on the Wilkinson (2001) salinity-temperature
graph, (c) The Th -salinity diagram of Wilkinson (2001) illustrates the dilutioning process in the ore-bearing mineral deposits.
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Table 4. Comparison of the characteristics of the Irish and MV T-type deposits with Gardaneshir Deposits.

Gardaneshir ore deposit

MVT

Irish

Features

Platform carbonate | Platform carbonate sequence at | Carbonate ramp and extensional basins on | Tectonostratigraphic
sequence at foreland | flanks of basins or foreland | extending continental margin setting (at the time
thrust belts thrust belts of mineralization
Dolostone (Shotori | Mainly dolostone and | Non-argillaceous carbonates within mixed | Host rocks
Formation) limestone, rarely sandstone in | carbonate-siliciclastic succession

carbonate dominant sequences
Transtensional and | Normal, transtensional, and | Synsedimentary faults controlling Structural controls
Normal faults and | wrench faults and associated | subbasins and associated fractures

associated fractures and | fractures and breccias and breccias

breccias

Stratabound, wveins and | Highly variable; commonly Single or multiple lenses with generally | Ore-body

dissolution breccias stratabound, pipes or tabular | stratiform but strictly stratabound | morphology and
zones, locally stratiform. Veins, | morphology in preferred sedimentary controls
dissolution breccias, | horizons, sedimentary and hydrothermal
lithological transitions breccias. May be underlain by feeder zone

Coarsely crystalline to | Coarsely crystalline to fine- | Dominated by massive sulfide but highly | Texture

fine-grained.
Replacement and open-
space filling

grained, massive to
disseminated. Replacement and
open-space filling.

variable and complex textures. Mostly
replacement, common veins and locally open-
space filling

Sphalerite, galena, pyrite,
minor sulfosalts
dolomite, calcite. Barite
is minor

Sphalerite,  galena,  pyrite,
marcasite, minor sulfosalts
dolomite, calcite. Barite is

minor to absent and fluorite is
rare

Sphalerite (low Fe), galena, pyrite, marcasite,
minor  sulfosalts,  chalcopyritedolomite,
calcite, quartz. Barite is common, locally
economic. Fluorite is extremely rare

Principal ore and
gangue minerals

low temperature (91-162 | Mostly low temperature (90— | Low to moderate temperature (70-280 °C) | Ore fluid

°C) connate bittern brines | 150 °C) connate bittern brines | infiltrated partially evaporated seawater

or evaporate dissolution | or evaporate dissolution brines

brines (salinity 18.6-23.2

wt. % NaCl)

Epigenetic, tens millions | Epigenetic, tens to hundreds of | Mostly during diagenesis, in partly and | Timing of
years after host-rock | millions years after host-rock | wholly lithified sediments. Minor syngenetic | mineralization
deposition deposition component

Not associated with | Not associated with igneous | Close spatial and temporal association with | Associated igneous
igneous activity activity volcanic activity in Limerick province activity

In this study (Leach et al., 2005, 2010; | (Wilkinson, 2003, 2014; Wilkinson et al., | Reference

Wilkinson, 2014)

2005; Kerr, 2013)
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