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1-Introduction

Sediment-hosted stratabound copper (SSC) deposits can be defined as stratabound deposits, consisting
of disseminated to veinlet native copper and copper sulfides hosted by chemically reducing
sedimentary rocks, including organic-rich black shales (Cox et al., 2007; Hitzman et al., 2005; Hayes
et al., 2015). SSC deposits occur in three subtypes divided by host lithology and by the corresponding
type of reductant that precipitated sulfur and Cu from warm, oxidized, metals-transporting,
sedimentary brines: (1) reduced-facies type (e.g. Kupferschiefer and Zambia deposits), (2) sandstone-
type (Revett) (e.g., Spar Lake, hosted in the Revett Formation in Montana, USA), and (3) Redbed type
(e.g. Nacimiento in New Mexico and Paradox basin’s deposits in Colorado and Utah).

SSC deposits in Iran are usually formed during late Triassic, late Jurassic-early Cretaceous, and
Miocene. They are mostly discovered in the Garadou Red Formation of the Ravar-Tabas basin and the
Upper Red Formation (URF) in the Avaj-Zanjan-Tabriz-Khoy (AZTK) area. SSC deposits in the
AZTK area, northwestern Iran, hosted by grey sandstone units of the URF. The Tasouj, Tazekand,
Nahand-Ivand, Ortasou, Chehrabad, Hamzelou, Halab, Zaghelou and Avaj are the main important
deposits in the AZTK area. These deposits consist predominantly of bedding-parallel replacement and
disseminated Cu (Pb—Zn) sulfides, roughly concordant with the stratification.

Excepting small scale geological maps of the area, i.e., 1:250,000 geological maps of Takab and
1:100,000 geological maps of Mahneshan and a number of unpublished Cu exploration report, prior to
this research no work had be done on Cu mineralization at Hamzelou. The present paper provides an
overview of the geological framework, and the mineralization characteristics of the Hamzelou deposit
with an application to the ore genesis. ldentification of these characteristics can be used as an
exploration model for this type of Cu mineralization in this area and elsewhere.

2-Materials and methods

Detailed field work has been carried out at different scales in the Hamzelou area. During the field
works, detailed stratigraphic sections were measured, sampled and described. Additionally, color of
the sandstone layers and the presence of plant fossils were scanned during the field work. About 29
polished thin and thin sections from host rocks and mineralized layers were studied by conventional
petrographic and mineralogical methods at the University of Zanjan. In addition, 8 samples from barren
red and grey host sandstones and mineralized samples were analyzed by ICP-MS for trace elements and REE
at Zarazma Co., Tehran, Iran.

3- Discussion and conclusion
The Hamzelou Cu deposit, 70 km northwest of Zanjan, is located in the Central Iranian zone. Rock
units exposed in this area belongs to the URF, and consist of alternations of red and green marl

* Corresponding author: kouhestani@znu.ac.ir
DOI: 10.22055/aag.2020.29873.1999

Received 2019-06-09

Accepted 202-01-15

480 ISSN: 2717-0764

O8]



mailto:kouhestani@znu.ac.ir

Winter 2020, Vol 9 (4): 480-497 Adv. Appl. Geol. “\"‘

intercalated with red to grey, medium- to thick-bedded sandstone. In this area, URF has 945 m
thickness and consist of four main parts. These parts, from bottom to top, consist of 1- alternation of
evaporates and gypsiferous green marls (300 m), 2- alternation of red marl and grey to red sandstone
(355 m), 3- alternation of red and green marl intercalated with grey to red sandstone (150 m), and 4-
altenation of green marls and green siltstones (140 m).

Cu mineralization in the Hamzelou deposit occurred in grey microconglomerate and sandstone units of
the second part of the URF. Mineralization often formed around and within the fragments of the plant
fossils, in the form of disseminated and solution seems sulfides. Based on field studies, mineralization
at Hamzelou deposit occurred in two distinct northern and southern parts of reduced-grey
microconglomerate and sandstone layers, with about 1.5 and 2 m thickness and about 200 and 1000 m
length, respectively. The ore horizons contain red oxidized zone, bleached zone and mineralized
reduced zone which the latter is located within the bleached zone. The red oxidized zone consists of
red marl and sandstone layers containing of iron oxides which is located adjacent to the reduced
horizons. The red color of this zone caused by the presence of iron oxides around the grains. The
oxidized pyrite crystals are the main important minerals in this zone. Bleached zone is part of
sandstone and microconglomerate sequences that the alteration processes caused changing in its color.
Grey and green colors in this zone occurred by the presence of organic materials and diagenetic
pyrites. Mineralization in reduced zone has occurred within the organic materials-bearing bleached
zones. Plant debris, plant fossils, diagenetic pyrites and permeability of host rock had main important
role for the Cu mineralization at Hamzelou deposit.

Chalcocite, and pyrite are the main ore minerals at Hamzelou deposit. Malachite, azurite, covellite,
atacamite, goethite and hematite are formed during supergene processes. Disseminated and cemented
textures along with lens-shaped, solution seems, replacement, and framboidal pyrite are the main ore
textures at Hamzelou deposit.

Comparison of Chondrite normalized trace elements and REE patterns of barren red and grey host
sandstones and mineralized samples at Hamzelou indicate that mineralized samples show lower
concentrations of trace elements and REE relative to host rocks. This signature indicates mobility of these
elements during bleaching and mineralization processes.

Based on tectonic setting, host rock, geometry, presence of plant fossils, ore structure and texture and
mineralogy, it can be concluded that the Hamzelou deposit is a sediment-hosted Redbed type Cu
deposit.
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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). (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 mineralization.
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Fig. 2. Geological map of Hamzelou deposit.
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Fig. 5. (a) View of Cu-bearing micro-conglomerate layer in the northern part of the Hamzelou deposit (looking southwest), (b-c) hand
specimen photos of chalcocite-bearing grey micro-conglomerate with replacement texture in northern part of the Hamzelou deposit, (d) view
of Cu-bearing sandstone layer in the southern part of the Hamzelou deposit (looking northwest), (e-f) hand specimen photos of chalcocite-
bearing grey sandstone with solution seems and lens-shaped (e) and replacement (f) textures in the southern part of the Hamzelou deposit.
Mineral abbreviations follow Whitney and Evans 2010; Cct: Chalcocite, Mlc: Malachite.
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Fig. 7. Mineralogy and structure and texture of ore minerals at Hamzelou deposit, (a-b) chalcocite replaced plant fossils, (c) chalcocite
replaced framboidal pyrite, (d) chalcocite with lens-shaped texture, (€) chalcocite with disseminated texture, (f) chalcocite with cemented
texture, (g) chalcocite (altered to malachite) with solution seems texture, (h) the first generation of pyrite with framboidal texture which

replaced by chalcocite, and (i) disseminated and anhedral grains of the second generation of pyrite. All photomicrographs are taken in
reflected light. Mineral abbreviations from Whitney and Evans 2010; Az: Azurite, Cct: Chalcocite, CV: Covellite, Mlc: Malachite, Py:

pyrite).
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Table 1. Geochemical data of trace and rare earth elements for sandstone and mineralized samples from the Hamzelou deposit. All data in

ppm.
Ba Ce Cs Cu Dy Er Eu Gd Hf K
D.L. 1 0.1 0.1 0.1 0.05 0.03 0.1 0.05 0.1 0.04
H-1 851 28 1.6 >5% 2.38 1.37 0.72 2.02 0.99 8,990
H-4 799 31 1.70 >5% 2.85 1.56 0.77 2.30 1.06 9,346
H-11 1,858 47 1.80 210 3.21 1.94 1.45 3.27 1.45 11,155
H-28 3,419 57 1.80 33 3.25 1.80 2.20 3.77 1.28 9,310
H-31 325 43 3.60 19 3.54 2.05 0.95 3.33 1.88 14,742
H-45 638 33 1.50 >5% 2.40 1.42 0.71 212 1.25 8,983
H-47 118 2 0.50 >5% 0.76 0.50 0.10 0.12 0.50 2,205
H-48 383 14 1.10 >5% 151 0.96 0.26 0.97 0.57 7,156
La Lu Nb Nd P Pb Pr Rb S Sm
D.L. 0.1 0.01 0.1 0.3 0.01 0.1 0.02 0.1 0.02 0.05
H-1 14 0.17 52 10.5 1,467 14.00 2.68 30 6,324 243
H-4 15 0.18 5.20 11.70 963 11 3.04 32 5,088 2.66
H-11 24 023 7.90 19 419 17 5 36 619 4.36
H-28 27 0.23 8 23.60 413 101 6.34 34 1,125 6.13
H-31 21 026 7.70 17.70 590 11 4.65 55 554 3.63
H-45 17 0.18 6.30 12.30 1,058 25 3.16 29 13,957 2.67
H-47 2 0.10 1.90 0.50 2,733 222 0.16 4 >3% 0.09
H-48 7 0.10 3.20 4 1,778 54 1.00 21 12,054 1.01
Sr Ta Tb Th Ti Tm Y Yb Zn Zr
D.L. 0.5 0.1 0.01 0.2 0.01 0.01 0.1 0.05 1 0.1
H-1 738.9 042 040 2.85 2,369 0.16 12.2 0.9 34 42
H-4 386 0.42 0.39 3.17 2,284 0.17 12.7 1 37 44
H-11 410.6 0.63 0.53 5.04 3,994 0.23 15.6 1.60 55 48
H-28 508.70 0.63 0.55 5.09 3,816 0.21 14.90 1.30 49 43
H-31 265.5 0.57 0.53 5.51 3,150 0.25 16.4 1.70 64 64
H-45 647.80 0.52 0.40 3.52 3,162 0.17 12.80 1.00 31 46
H-47 601.70 021 0.14 0.66 10 0.10 5.30 0.80 13 13
H-48 253.00 029 0.25 1.42 1,177 0.10 9.40 0.20 54 29
H-1: Grey sandstone with disseminated chalcocite, H-4: Grey sandstone with chalcocite cement,

H-28: Barren grey sandstone, H-11 and H-31: Barren red sandstone, H-47: Plant fossil totally replaced by chalcocite, H-45 and H-48: Grey

sandstone with lens-shaped chalcocite

FA
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Fig. 8. (a) Chondrite—normalized multielement patterns (Thompson, 1982) for the mineralized and barren red and grey sandstone samples in
the Hamzelou deposit, (b) chondrite-normalized REE patterns (Sun and McDonough, 1989) for the mineralized and barren red and grey
sandstone samples in the Hamzelou deposit. (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 Hamzelou deposit.
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Fig. 9. Paragenetic sequences and structure and texture of gangues and ore minerals at the Hamzelou deposit.
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Table 2. Comparison of main characteristics of Hamzelou deposit with different types of sediment-hosted copper deposit.

Sediment- hosted stratiform copper deposit

Redbed

Sandstone deposits
(Revett)

Reduced-facies Hamzelou deposit

Age Neoproterozoic- Late Mesozoic- Early Cenozoic

Late- middle

. Miocene
Neoproterozoic

Rift and post-orogenic molass

Tectonic setting basins

Rift

Foreland basins and
active continental
margins

Aulacogens and
continental rift

Coastal environment, delta,

Deposition settin . .
P g shallow rivers environment

Delta, basin playa,
coastal environment

Meander rivers near
Tidal the coastal and tidal
environments

Redbed clastic sequence

Thickly bedded
sandstones, lesser

Terrigenous clastic

Dark to gray shale, :
sequence contains

Host rock contains conglomerate, - siltstone, claystone, .
sandstone and marl extent siltstone and carbonaceous dolomite alternation of
shale sandstone and marl
. . Plate to lenzoid Stratabound with
Geometry Isetgigaizoﬁgﬂzvg:h bedding of concordant with Sheet bed and lenzoid bedding of lenzoid
bedding horizon

Texture and structure

Disseminated, replacement,
pseudo-luminal, cemented

Disseminated,
replacement

Disseminated,
replacement, pseudo-
luminal, colloform,
cemented

Replacement,
disseminated, pseudo-
luminal, cemented

Mineralogy

Chalcocite, bornite, pyrite,
natural copper and silver,

galena, sphalerite

Chalcocite, bornite,
chalcopyrite, natural
silver, galena and
sphalerite

Chalcocite, bornite,
galena, chalcopyrite,
pyrite, natural copper,
sphalerite

Chalcocite, pyrite

Dominant alteration

Bleaching

Bleaching

Bleaching and
dolomitization

Bleaching

Copper source

Redbed sequence

Redbed sequence

Redbed sequence

Redbed sequence

Accompanying

Ag-Pb-Zn-U+Co

Ag-Pb-Zn+(Mo-V-

Co-Ag-Pb-Zn-Ge+Au

Ag-Co-Cd

elements Re)
Example Nacimiento, Corocoro Dzhezhazgan, Kupferschiefer, Zambia, o
Spar Lake Kamoto
Annels (1989)
Woodward et al. (1974) Gablina (1981) Oszczepalski (1999) .
Reference Avila-Santos (1990) Adkins (1993) Cox et al. (2007) Ghasemlou (2018);

Hayes et al. (2015)

Cox et al. (2007)

Hitzman et al. (2005)
Hayes et al. (2015)

This study
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Fig. 10. Schematic diagram showing tectonic setting and sedimentary environment of the Upper Red Formation in the Hamzelou area at Pre-
mineralization stage (Ghasemlou, 2018).
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Fig. 11. Schematic representation of mineralization evolution stages at the Hamzelou deposit, (a) deposition of evaporate and terrigenous
sediments of Upper Red Formation along with plant fragments, (b) diagenesis and deep burial processes let to extraction of basinal brines.
These fluids were reduced in vicinity of the plant fossils, and caused bleached alteration zones. (c) Diapirism of evaporate units and
formation of oxidizing fluids containing chloride complexes. These fluids leached copper from red sediments. (d) Mixing of reduced and
oxidized fluids and deposition of sulfides in bleached layers.
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