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Fig. 1. A: Location of sediment-hosted Cu and Pb-Zn deposits and occurrences in the northwestern part on the Central
Iranian zone (after Alavi, 1991), and B: Distribution of the Upper Red Formation in the Mahneshan area along with

location of sediment-hosted Cu and Pb-Zn mineralization (after Khodabandeh et al., 1998; Lotfi, 2001). Note the close
relationship between salt domes and these mineralization.
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Fig. 4. A: Stratigraphic column of Upper Red Formation in the Chaharabad deposit, and B: Location of mineralized
horizons at second part of Upper Red Formation in the Chehrabad deposit
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Fig. 6. A and B: Close views of red zone and bleached zone at Chehrabad deposit, and C: Location of mineralized
reduce zone at the bottom parts of the bleached zone at Chehrabad deposit. Abbreviation after Whitney and Evans
(2010) (Mlc: malachite).
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Fig. 7. Mineralogy and structure and texture of ore minerals at Chehrabad deposit. A, B, C and D: The first generation
of galena with solution seems (A), lens-shaped (B), disseminated (C) and cemented (D) textures, E: Second generation
of galena with veinlet texture, F: The first generation of pyrite with framboidal texture, G. Disseminated and anhedral
grains of Py, along with Gn;, H: The first generation of chalcopyrite intergrown with Gn, I: Second generation of

chalcopyrite with veinlet texture, J: Chalcocite replaced plant fossils, and K: Chalcocite with relict texture, altered to
covellite and goethite along boundaries. All photomicrographs are taken in reflected light. Abbreviations after Whitney

and Evans (2010) (Ccp: chalcopyrite, Cct: Chalcocite, Gn: galena, Gth: goethite, Mlc: Malachite, Py: pyrite, Sp:
sphalerite).
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Table 1. Geochemical data of trace and rare earth elements for sandstone and mineralized samples from the Chehrabad
deposit. All data in ppm.

Ba Ce Cs Cu Dy Er Eu Gd Hf K
D.L. 1 01 01 01 0.05 0.03 0.1 0.05 0.1 0.04
CH-152 <l 14 08 879 143 0.63 0.15 0.67 <05 6259
CH-15b 40 8 0.6 499 0.82 028 <0.1 <0.05 <05 3186
CH-18 286 36 44 19 36 193 092 327 176 17137
CH-20 38 30 1.7 184 3.19 171 086 2.79 1.15 12015
CH-28 85 21 1.5 688 224 115 042 163 0.88 9759
CH-40 103 22 14 213 215 1.08 041 1.6 0.9 9805
CH-41 722 18 14 >5% 207 1.05 059 142 0.84 10462
CH-41a 259 1309 >5% 153 081 021 059 056 4155
La Lu Nb Nd P Pb Pr Rb S Sm
D.L. 01 001 01 03 0.01 01 0.02 0.1 0.02  0.05
CH-15a 8 <0.1 2 44 199 >3% 1.13 12 >3%  0.96
CH-15b 3 <0.1 1 <05 114 >3% 0.07 3 >3%  0.11
CH-18 22 025 8 183 637 101 472 68 610 3.82
CH-20 18 021 49 152 376 48 392 36 303 3.32
CH-28 12 014 37 91 313 >3% 235 28 >3% 198
CH-40 14 013 35 92 322 >3% 243 25 >3% 196
CH-41 10 0.12 41 7.7 1971 309 197 35 1895  2.07
CH-41a 7 <0.1 27 4 3417 413 1.03 11 20749  1.01
Sr Ta Tb Th Ti Tm Y Yb Zn Zr
D.L. 0.5 0.1 0.01 02 001 001 01 0.05 1 0.1
CH-15a 403.5 0.19 024 0.92 1265 <0.1 &3 0.5 20644 19
CH-15b 1959 0.17 0.14 0.15 592 <0.1 54 0.3 12896 11
CH-18 2305 226 055 58 3714 028 165 1.7 99 64
CH-20 2154 03 05 348 2917 023 151 13 43 41
CH-28 1909 041 036 261 2315 0.17 114 1 20306 35
CH-40 2872 131 036 238 2213 0.16 11.6 09 3073 35
CH-41 123.6 0.17 034 239 2153 0.16 107 09 1840 37
CH-41a 481.5 022 024 1.16 1661 0.12 79 0.7 553 27

Ch-15a: Grey sandstone with stage-1 galena cement, Ch-15b: Stage-2 galena; Ch-18: Barren red sandstone, Ch-20:
Barren grey sandstone; Ch-28: Grey sandstone with sage-1 galena and sphalerite cement; Ch-40: Stage-1 galena, Ch-41:
Grey sandstone with malachite cement, Ch-41a: Plant fossil totally replaced by chalcocite
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Fig. 8. A: Chondrite—normalized multiclement patterns (Thompson, 1982) for the mineralized and barren red and grey
sandstone samples in the Chehrabad deposit, B: Chondrite-normalized REE patterns (Sun and McDonough, 1989) for
the mineralized and barren red and grey sandstone samples in the Chehrabad deposit, and C: Post-Archean Average
Australian Shale (PAAS)-normalized REE patterns (Taylor and McLennan, 1985) for the mineralized and barren red
and grey sandstone samples in the Chehrabad deposit
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Fig. 9. Paragenetic sequences and structure and texture of gangues and ore minerals at the Chehrabad deposit
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Table 2. Comparison of main characteristics of Chehrabad deposit with different types of sediment-hosted copper

deposit.
Sediment- hosted stratiform copper deposit Chehrabad
Redbed Sandstone deposits Reduced-facies deposit
(Revett)
Age Neoproterozoic- Late Mesozoic- Early Cenozoic Late- mlddl? Miocene
Neoproterozoic
Tectonic Rift and post-orogenic . Aulacogens and Forgland bagms and
. . Rift . . active continental
setting molass basins continental rift .
margins
Deposition Coastal environment, Delta. basin plava Meander rivers near
pos delta, shallow rivers ’ i playa, Tidal the coastal and tidal
setting . coastal environment .
environment environments
Redbed clastic sequence Thickly bedded Dark to gray shale, Terrigenous cla§tlc
. sandstones, lesser . sequence contains
Host rock contains conglomerate, . siltstone, claystone, .
extent siltstone and . alternation of
sandstone and marl carbonaceous dolomite
shale sandstone and marl
Stratabound with Plate to lenzoid Stratabound with
Geometry bedding of lenzoid concordant with Sheet bed and lenzoid  bedding of lenzoid
horizon bedding horizon
. . Disseminated, Replacement,
Disseminated, . . . .
Texture and Disseminated, replacement, pseudo- disseminated,
replacement, pseudo- . )
structure X replacement luminal, colloform, pseudo-luminal,
luminal, cemented
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Fig. 10. Schematic diagram showing tectonic setting and sedimentary environment of the Upper Red Formation in the

Chehrabad area at Pre-mineralization stage (Rajabzadeh, 2018).
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Fig. 11. Schematic representation of mineralization evolution stages at the Cheharabad deposit. A: Deposition of
evaporate and terrigenous sediments of Upper Red Formation along with plant fragments, B: Diagenesis and deep burial
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bleached alteration zones, C: Diapirism of evaporate units and formation of oxidizing fluids containing chloride

complexes. These fluids leached copper, lead and zinc from red sediments, and D: Mixing of reduced and oxidized
fluids and deposition of sulfides in bleached layers
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Introduction

Sediment-hosted  stratabound copper (SSC)
deposits are bodies of disseminated, cementing,
and lesser veinlet hosted copper minerals that are
peneconformable with their sedimentary or
metasedimentary host rocks (Hayes et al., 2015).
These deposits have been termed sediment hosted
stratiform Cu, sedimentary rock-hosted stratiform
Cu, Cu shale, Cu sandstone, cupriferous
sandstones, sandstone Cu, red-bed Cu,
Kupferschiefer type Cu, marine paralic type Cu,
reduced-facies Cu, or Revett Cu deposits (Cox et
al., 2003, 2007; Hitzman et al., 2005; Hayes et al.,
2015). SSC deposits occur in three subtypes
divided by host lithology and the corresponding
type of reductant that precipitated sulfur and Cu
from warm, oxidized, metals-transporting,
sedimentary brines. These types are as follows:
(1) reduced-facies type; (2) sandstone-type
(Revett); and (3) red-bed type. These deposits
have been formed during the middle-late
Paleoproterozoic to Tertiary.

There are several SSC deposits in the Avaj Zanjan
Tabriz Khoy area in the northwestern Iran that are
hosted by grey sandstone units of the Upper Red
Formation (URF). The Tasouj, Tazekand, Nahand
Ivand, Ortasou, Chehrabad, Halab, Zagelou and
Avaj are the main important deposits in this area.
These deposits predominantly consist of bedding-
parallel replacement and disseminated Cu—Pb—Zn
sulfides,  roughly  concordant  with  the
stratification. The average Cu, Pb and Zn content
of these deposits are ~1.5, 2 and ~1 wt.%,

respectively.

Apart from small scale geological maps of the
area, i.e., 1:250,000 geological maps of Takab
(Alavi and Omidi, 1976), 1:100,000 geological
maps of Mahneshan (Lotfi, 2001) and a number of
unpublished Pb-Zn—Cu exploration reports, no
other work has been reported prior to this research
study on Pb—Zn—Cu mineralization at Chehrabad.
The present paper provides an overview of the
geological framework and the mineralization
characteristics of the Chehrabad deposit with an
application to ore genesis. Identification of these
characteristics can be used as an exploration
model for this type of Pb—Zn—Cu mineralization
in this area and elsewhere.

Materials and methods

Detailed field work has been carried out at
different scales in the Chehrabad area. During the
field works, detailed stratigraphic sections were
measured, sampled and described. In addition, the
color of the sandstone layers and the presence of
fossil woods were scanned during the field work.
About 23 polished thin and thin sections from host
rocks and mineralized layers were studied by
conventional  petrographic and  mineralogic
methods at the University of Zanjan in Iran.

Results and Discussion

The Pb—Zn—Cu deposit at Chehrabad, 75 km
northwest of Zanjan, is located in the Central
Iranian zone. Rock units exposed in this area
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belong to the URF, and consist of alternations of
red and green marl intercalated with red to grey,
medium- to thick-bedded sandstone. In this area,
URF has 980 m thickness and consists of four
main parts. These parts, from bottom to top,
consist of 1- alternation of gypsiferous green
marls along with gypsium and salt layers (235 m),
2- red marls intercalated with grey and red
sandstones (445 m), 3- alternation of red and
green marls intercalated with sandstones (145 m),
and 4- alternation of green marls and green
siltstones (155 m). The Pb-Zn and Cu
mineralization in the Chehrabad deposit has
occurred in grey sandstone units of the second
part of the URF. Mineralization has often been
formed around and within the fragments of the
plant fossils, in the form of disseminated and the
solution seems to have been sulfides. Based on
field studies, mineralization at the Chehrabad
deposit has occurred in two horizons of reduced-
grey sandstones, H-A and H-B, with about 4 and 6
m thickness and about 200 and 1000 m length,
respectively. These horizons contain red oxidized
zone, bleached zone and mineralized reduced zone
with the latter being located within the bleached
zone.

The red oxidized zone consists of red marl and
sandstone layers containing iron oxides which are
located adjacent to the reduced horizons. The red
color of this zone has been caused by the presence
of iron oxides around the grains. The oxidized
pyrite crystals are the main important minerals in
this zone. The bleached zone is a part of sandstone
sequences that have undergone changes in their
color due to the alteration processes. Grey and
green colors in this zone have occurred due to the
presence of organic materials and diagenetic
pyrites. Mineralization in the reduced zone has
occurred within the organic materials bearing
bleached zones. Plant debris, plant fossils,
diagenetic pyrites and permeability of host rocks

have the most important roles for the Pb-Zn and
Cu mineralization at the Chehrabad deposit.
Galena, sphalerite, chalcocite, pyrite and
chalcopyrite along with minor Ag-bearing sulfides
(mckinstryite, stromeyrite) are the main ore
minerals at the Chehrabad deposit. Cerussite,
malachite, azurite, covellite, atacamite, vanadinite,
and goethite are formed during supergene
processes. Disseminated and cemented textures
along  with  lens-shaped, solution seems,
replacement, vein-veinlet, and framboidal are the
main ore textures at the Chehrabad deposit. Based
on the tectonic setting, host rock, geometry,
presence of plant fossils, ore structure and texture
and mineralogy, it can be concluded that the
Chehrabad deposit is a sediment-hosted Redbed
type Cu deposit.
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