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Fig. 1. Simplified structural map of Iran and adjacent regions (Alavi, 1991). Large arrows illustrate the syntaxes of the
Alpine-Himalayan orogenic system. CHF Chaman Fault, DRF Doruneh Fault, EAF Eastern Anatolian Fault, HRF

Herat Fault, HMF Helmand Fault, MKDF Main Kopeh-Dagh Fault, NAF North Anatolian Fault, NBF Nayband Fault,
ONF Ornach Nal Fault, ZTZ Zagros Thrust. Zandan salt dome is shown with a red star.
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Fig. 2. Part of geological Zandan salt dome map, based on 1: 100,000 Bandar Lengeh geological map (modified from

Parker, 1958)
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Fig. 3. A: Alternation of marl, purple shale, anhydrite and gray limestone layers in HI unite, view toward the northeast,

B: Sandstone layers in H2 unite, C: Algae Limestone fossiliferous outcrop in H3 unite, and D: Brown calcareous
sandstones in H4 unite, view toward the east
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Fig. 4. A: basalt outcrop on high part of salt dome on the H1 unit (view towards West), and B: Diabase location on the
H4 unit, in Zendan salt dome
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Fig. 5. A: Mishan formation in the northwest salt dome (view toward East), B: Bakhtiari conglomerate position on the

H1 unit
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Inductively Coupled Plasma Optical Emission Spectroscopy (ICP-OES)
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Fig. 6. A: Plagioclase and hornblende intergrowth. These minerals has been replaced by epidote and chlorite minerals,
B: intergrowth of plagioclase and hornblende fine grain minerals. Plagioclase and mafic minerals replace selectively
with prehnite mineral and magnetite and chlorite, respectively. C: fine to coarse grain ore minerals with plagioclase
phenocrysts, and D: Microlitic plagioclase crystals with weak sericitic alteration and locally carbonate alteration (Ep:

epidote, Chl: chlorite, Pl: plagioclase, Prh: prehnite, Hl: hornblende, OM: opaque minerals, Qtz: quartz and Car:
carbonate). Abbreviations from Whitney and Evans (2010)
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Fig. 7. A: Hematite- Oligist exposed layers with gypsum within unit H1, B: Hematite- Oligist -anhydrite layers within
H4 layer, C: outcrop of iron layer in anhydrite layer, and D: Iron and gypsum layers within a H1 unit in Zendan salt

dome
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Fig. 8. A: View of alternating layers of hematite and anhydrite in the iron layers, and B: Alternating of iron
mineralization associated with anhydrite, marl, and shale with low grade (view to north) in Zendan salt dome
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Fig. 9. A: Hematite —Magnetite mineralization outcrops on top of the hill in unit HI, B: A small outcrop of iron
mineralization, and C: Hematite- Magnetite iron mineralization in rocks along bedding. All images are from Zandan salt

dome.
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Fig. 10. A: View of copper mineralization within the salt dome (view to northeast), B: Oxidized copper mineralization,
C: Copper minerals malachite, and D: Native copper mineralization in the dibasic pluton
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Fig. 11. A: Secondary carbonate veinlets in micrite matrix with quartz and fine ore minerals, B: Destructive Quartz
fragment, muscovite and opaque minerals in the clay matrix, C: Destructive pieces of sandy quartz in a carbonate
cement. Relatively coarse grained metallic minerals can be seen in the matrix, D: Coarse grain secondary viens
(Dolomitic), which cut primary matrix. E: Accumulation of quartz and pyrite minerals in brecciate and silicified
dolomite, F: View of volcanic rock fragments with angular quartz in ferrous carbonate cement (Qtz: quartz,
Car:carbonate, Vnt: veinlet, Pyr: pyrite, Mus: muscovite, VRF: volcanic rock fragment OM: opaque minerals).
Abbreviation from Whitney and Evans (2010).
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Fig. 12. A: Coarse grain chalcopyrite with fine grain pyrite. Chalcocite is seen within and in the rime of chalcopyrite,
and B: Fine and amorphous chalcopyrite with associated amorphous pyrite (Py: pyrite, Cc: chalcocite, Ccp:

Chalcopyrite). Abbreviation from Whitney and Evans (2010)

EL.] mm 4

Fé '.:
%

3

/h drﬁ),c'i'ﬁe” 38 -
.‘;" E '.. J’

al

ol Glaau S g 00 g oS 508 ol padas a5 sS 05,05, adls 40 105,05, SO dlatel 10 CawsSIS 0aiss 5 ans sla, gl A Y S

Wy PY) il sai Lo ol slaonS s uue 5 oSl a4 ails ;0 a5 Ko (e )0 Coym axg 0 sloyshn, B g conl sus LSS
(Whitney and Evans, 2010) 35l 5 g 5 5 lais] wdle (cuisS :Ge0 SIS :Ce

Fig. 13. A: Semi- rounded of chalcocite along a microjoint. Goethite, Iron oxides and hydroxides are formed in the
margin of the microjoint, and B: amorphous pyrite in the matrix of rock, which is changed to Iron oxides and
hydroxides in the margin (Py: pyrite, Cc: chalcocite, Geo: goethite). Abbreviation from Whitney and Evans (2010)
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Fig. 14. A: Hematite with bladed Specularite, and B: Hematite mineralization, which encompass all of rock. Magnetite
is remained in to hematite. (Mag: magnetite, Hem: hematite, Spec: Specularite). Abbreviation from Whitney and Evans

(2010)
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Table 1. The results of analysis samples taken from parts including iron and copper mineralization, Zandan salt dome

Element Unit 1 2 3 4 5 6 7 8 9
Au ppb 7 <5 9 13 16 <5 27 8 11
Ag ppm 028  0.42 1.3 0.29 2.2 0.6 1.3 0.73 2.3
As ppm 5.5 2.6 2.6 5.8 7.6 3.3 5.6 35 21.7
Cd ppm  0.22 0.4 19.6 9.6 11.9 7.2 3.5 5 5.5
Cu ppm 19703 13458 139497 48042 9271 2058 11005 12275 3590
Fe ppm 43932 30861 25388 36042 19904 12299 99054 13548 21294
Mo ppm 213 3.1 77.8 39.5 14.8 4.5 28.4 13.5 17.4
Pb ppm 7 105 818 510 291 127 214 172 192

S ppm 300 691 3877 2922 4303 2358 338 3135 330
Sb ppm 095 0098 0.96 1.02 1.9 2.5 0.51 1.17 2.8
Th ppm 6.5 5.8 4.5 9.3 3.9 1.3 2.8 3.6 2.4
Zn ppm 118 143 1328 396 313 128 878 315 122

59 2o,yd cons g polic polie XRF ogya olai) (S oS Jlopal sla isy 5l eascuils p sladises olonds 50T ol Y Jous
Table 2. The results of chemical analysis from iron-rich samples of Zandan salt dome using XRF method. The values

based on weight percentage

Element 1 2 3
Si0; 24.89 0.47 4.74
TiO, 0.24 0.03 0.05
AlLOs 3.01 0.12 0.11
FeOs  68.17 96.67 91.91
MnO < 0.02 0.05
MgO 0.44 0.1 0.12
CaO 0.42 0.12 0.8
Na,O 0.06 0.03 0.07
K>,O 1.05 0.02 1.08
P>0s 0.14 0.02 0.09
FeO 0.35 0.28 0.4
SO; 0.11 0.41 0.3
LOI 1.09 1.68 1.46
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Table 3. The results of chemical analysis from outcrops of magnetite- Hematite and iron ore placer samples, Zandan

salt dome

Element 1 2 3 4 5 6 7 8 9
SiO; 12.63 27.31 2623 51.73 498 2046 1143 27.16 44.61
TiO; 0.05 0.24 0.04 0.38 0.58 0.57 0.06 0.17 0.04
Al,O3 0.88 0.34 6.7 794 1047 3.87 1.00 1.16 2.7
Fe,O; 62.05 56.41 2534 3142 26.03 13.15 8195 66.75 31.24
MnO 0.44 < 0.25 0.01 0.02 0.02 0.01 0.02 0.21
MgO 0.99 0.06 0.65 0.65 1.75 1.03 0.23 1.11 2.44
CaO 12.3 549 1248 0.31 0.72 20.22 0.78 0.59 6.46
K>O 0.7 0.08 2.81 4.02 5.29 1.07 0.29 0.11 1.47
P,0:s 0.07 0.14 0.06 0.11 0.16 0.19 0.02 0.13 0.6
FeO 0.28 0.28 0.65 0.76 1.52 0.55 0.41 0.55 0.41
Fe: 43.64 39.69 1824 2258 194 9.63 57.67 47.14 22.18
SO; 0.13 0.11 17.14  7.35 026 2829 0.73 0.55 1.29
LOI 9.67 1.09 2.24 7.33 1.93 2.76 248 10.74 2.2
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Fig. 15. Reducing of the amount of TiO,, K,0, SiO; and Al,O3 with increasing of FeOt in Zandan salt dome
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Fig. 18. A: The chemical composition of iron ore in Zandan salt dome at the ternary diagram FeO-Fe,O3-TiO», and B:

Iron ore position within the hydrothermal Zandan salt dome
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Fig. 19. Schematic model of development of hydrothermal alteration in hydrothermal deposits with magmatic and non-

magmatic fluids origin, Porter area, Western Australia (Barton and Johnson, 2004)
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Table 4. Comparison of Zandan iron deposit with some iron deposits in the world
B i B i B i
10CG Deposits anded'lron anded.lron anded'lron Calcium Ore
Zandan Iron formations formations formations .
(Fe-Cu-Au) ) Skarn properties
(Rapytan) (Algoma) (superior)
Infera- Proterozoic to Early Mesozoic
- Arch . . Age M
Cambrian Holocene 450-800 rehean Proterozoic and Cenozoic ge (Ma)
Subduction zone Island arcs
Continental ubduction zone, Continental . Offshore and and Tectonic
. extensional . Volcanic arc . .
margin . . margin platform area continental setting
tectonic regime .
margins
Tholeiiti Ic-
© eu‘tlc to cale Sandstone, Stocks and
alkaline rocks, . .
Evaporate Limestone, Quartzite, dykes of
such as gabbro to } Greywacke \
and C°. Dolomite and . Dolomite, gabbro and
granodiorite rocks and Volcanic . Host rock
carbonate Shallow Conglomerate sedimentary
and . rocks ;
rocks . sedimentary and Chart and volcanic
metasedimentary
rocks rocks
rocks
Stratiform,
. . Often as a .
Lens Vein , massive Layer, mass lavered Layered massive,
Y lenses Form of
. . Layerd, . . . deposit
Massive, Shear to irregular, Massive, Massive, Massive,
replacement,
layered lenses, banded . layered layered layered
massive
T -
Hematite, . . gmatite, Magnetite,
. Magnetite, pyrite + gold .
magnetite, . . . . . hematite,
. hematite, apatite, magnetite + magnetite, Hematite, .
goethite, . . . . chalcopyrite, .
. bornite hematite pyrite magnetite, . Mineralogy
pyrite, . . . - pyrite,
. Chalcopyrite + Pyrrhotite Pyrrhotite siderite .
chalcopyrite, Sy cobaltite,
. gold+ Siderite, .
chalcocite sphalerite
Propylitic,
Prhnyt, silica sericite, silica, p liti Propvlitic Alteration
: . N ropylitic
and chlorite, actinolite Py - - Py
carbonate
. . Iron-rich
Stratigraphic .
. . sedimentary
horizons rich stratieraphic
Lithological and Lithological and  in iron with a . grap . structural and Control
structural horizons with .
structural structural small amount stratigraphy agents
. small amounts
of classical .
. classical
sediment .
sediment
>1000 mt ¢, Cu: 3-150 million | million- 16 3-150 million cade and
9-57 % iron 0.8- 1.6, >%20Fe, - tons - 16- 30 % iron tones, 40 to gtonna .
Au: 0.26- 0.8 ppm 45% iron ° 50 % iron g
- Hitzman, et al., Barton and ) - Gross,1996; Gross,1996;
This study Klein, 2005 Maynard, Maynard, Reference
1992, Johnson, 2004 1985 1985
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