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ABSTRACT ARTICLE INFO 

The Qamishlou Cu occurrence is located 150 km southwest of Zanjan, and 
is part of the Central Iran zone. Mineralization occurs as a stratabound 
zone hosted in the top part of the lower Cretaceous basalt-andesitic basalt 
lava. The ore zone has an NW-SE trend with 70-80˚ to the southwest and 
is 200 m long, and 1.5 m thick. Hydrothermal alteration related to 
mineralization includes chlorite-carbonate alteration. Propylitic and 
zeolitic alteration, and silica-calcite alteration, respectively, are related to 
pre- and post-mineralization processes. Primary chalcocite and bornite 
accompanied by minor pyrite, and chalcopyrite, are ore minerals; calcite 
and chlorite along with rare quartz, and zeolite are gangue minerals. 
Secondary chalcocite, covellite, malachite, cuprite, and neotocite are 
supergene minerals. The ore minerals show disseminated, vein-veinlet, 
vug infill, replacement, and framboidal textures. Mineralization at 
Qamishlou can be divided into four stages include pre-ore stage, syn-ore 
stage, post-ore stage, and supergene. Pre-ore stage is related to the 
diagenesis and burial metamorphism processes in which disseminated 
framboidal pyrites, and zeolite (as filling the amygdales) are formed 
within host basalt-andesitic basalt lavas. Syn-ore stage is divided in two 
substages. Early-ore stage is characterized by primary chalcocite, and 
bornite with disseminated, vug infill, and framboidal (pseudomorph of the 
framboidal pyrite) textures, and primary chalcocite veinlets. Late-ore 
stage includes minor pyrite- and chalcopyrite-bearing calcite vein-
veinlets. Post-ore stage is marked by barren late calcite, and quartz vein-
veinlets. Supergene stage is characterized by weathering and formation of 
secondary minerals. Geochemical investigations of ore samples show 
strong positive correlation between Cu and sulfur (0.93), and weak 
negative correlation between Ag and sulfur (˗0.27). Features of the 
Qamishlou Cu occurrence are comparable with the Manto-type (Buena 
Esperanza subtype) deposits. 
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Extended Abstract 

Introduction 
Copper mineralization associated with 
Tertiary magmatism in Iran includes porphyry 
Cu (Mo) deposits, Cu skarns, and vein-type 
(epithermal) Cu (Pb and Zn) mineralization, 
which are mainly located in the Urumieh-
Dokhtar magmatic arc, the Western Alborz-
Azerbaijan zone, the Tarom-Hashtjin 
subzone, and the Torud-Chahshirin zone 
(McInnes et al., 2003; Mirnejad et al., 2013; 
Simmonds et al., 2017; Kouhestani et al., 
2017, 2018; Yasami and Ghaderi, 2019; 
Aliyari et al., 2020; Shafiei et al., 2022). 
Exploration and research studies conducted in 
the past decade resulted in exploration and 
introduction of a new type of Cu 
mineralization hosted by volcanic and 
volcano-sedimentary rocks in Iran. These 
stratabound mineralization, which have been 
named Manto-type Cu or volcanic red layer 
(Movahednia et al., 2022), are located in the 
Urumieh-Dokhtar magmatic arc, Sanandaj-
Sirjan zone, Tarom-Hashtjin subzone of the 
Alborz magmatic belt, Sabzevar subzone, and 
Lut block, and have volcanic and volcano-
sedimentary host rocks (Movahednia et al., 
2022). The Qamishlou Cu occurrence (with 
coordinates 36◦8'10'' E and 48◦19'48'' N) is 
located 150 km southwest of Zanjan, and is 
part of the Central Iran Zone. This occurrence 
has a reserve of about 30,000 tons of Cu with 
an average grade of 1 wt.%, and was first 
discovered by a private company in 2016 
(unpublished data). Despite new mining 
activities in the Qamishlou area, no detailed 
studies have been conducted on the geology, 
mineralogy, and genesis of the Qamishlou Cu 
occurrence. This paper investigates the 
detailed geology, mineralogy, structure and 
texture, alteration types, and geochemical 
characteristics of the Qamishlou Cu 
occurrence to constrain its ore genesis and 
mineralization evolution. The results could be 
valuable for further regional exploration of 
similar mineralization in this area and other 
parts of the Central Iran zone. 
 

Materials and Methods 
This research consists of two parts: field and 
laboratory studies. During the fieldwork, the 
geological map, scale 1:20,000, of the area 
was prepared and the location, extension, 
slope and thickness of the ore zone and its 
relationship with the host rocks were 

determined. Then, 5 thin sections, 3 polished 
sections and 12 thin-polished sections were 
prepared and examined for petrography, 
mineralography, and ore texture using a 
transmitted and reflected polarized light 
microscope in the laboratory of the University 
of Zanjan, Zanjan, Iran. The chemical 
composition of ore samples (n = 15), and fresh 
host basalt-andesitic basalt lava (n = 1) was 
analyzed at the Zarazma Analytical 
Laboratories, Tehran, Iran using the ICP–OES 
method. 
 

Results and Discussion 
The rock units exposed in the Qamishlou area 
belong to the lower Cretaceous, Eocene, 
Oligocene, and Oligo-Miocene rock strata. 
These strata from the button to the top include: 
1- alternation of medium- to thin-bedded 
sandstone and shale with minor basalt (Unit 
Kssh), 2- dark grey to brown basalt and 
andesitic basalt (Unit Kba), 3- dark green thin-
bedded shale and phyllitic sale (Unit Ksh), 4- 
alternation of sandstone and conglomerate 
(Unit Ef), 5- thin- to medium-bedded 
biosparite-bearing nummulite limestone (Unit 
Ez

l), 6- dark grey basalt with some basic tuff 
(Unit Evb), 7- red to brwon thin- to medium-
bedded conglomerate with sandstone 
interlayers (Unit Olc), and 8- green medium- 
to thick-bedded sandstone, shale, 
conglomerate, and limestone (Unit OMq

ssh). 
Mineralization at Qamishlou occurs as a 
stratabound zone hosted in the top part of the 
lower Cretaceous basalt-andesitic basalt lava. 
The ore zone has an NW-SE trend with 70-80˚ 
to the southwest and is 200 m long, and 1.5 m 
thick. Hydrothermal alteration related to 
mineralization includes chlorite-carbonate 
alteration. Propylitic and zeolitic alteration, 
and silica-calcite alteration, respectively, are 
related to pre- and post-mineralization 
processes. Primary chalcocite and bornite 
accompanied by minor pyrite, and 
chalcopyrite, are ore minerals; calcite and 
chlorite along with rare quartz, and zeolite are 
gangue minerals. Secondary chalcocite, 
covellite, malachite, cuprite, and neotocite are 
supergene minerals. The ore minerals show 
disseminated, vein-veinlet, vug infill, 
replacement, and framboidal textures. 
Mineralization at Qamishlou can be divided 
into four stages include pre-ore stage, syn-ore 
stage, post-ore stage, and supergene. Pre-ore 
stage is related to the diagenesis and burial 
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metamorphism processes in which 
disseminated framboidal pyrites, and zeolite 
(as filling the amygdales) are formed within 
host basalt-andesitic basalt lavas. This stage is 
accompanied by pervasive propylitic, and 
zeolitic alteration. Syn-ore stage is 
characterized by chlorite-carbonate alteration, 
and is divided in two substages. Early-ore 
stage is characterized by primary chalcocite, 
and bornite with disseminated, vug infill, and 
framboidal (pseudomorph of the framboidal 
pyrite) textures, and primary chalcocite 
veinlets. Late-ore stage includes minor pyrite- 
and chalcopyrite-bearing calcite vein-veinlets. 
Post-ore stage is a barren and related to the 
final hydrothermal activities in the Qamishlou 
Cu occurrence. This stage is marked by late 
calcite, and quartz vein-veinlets with no 
sulfide and oxide minerals. In the supergene 
stage, secondary chalcocite, covellite, 
malachite, cuprite, and neotocite were formed 
with vug infill, vein-veinlets and replacement 
textures. Geochemical investigations of ore 
samples show strong positive correlation 
between Cu and sulfur (0.93), and weak 
negative correlation between Ag and sulfur 
(˗0.27). 

Conclusions 
Copper mineralization at Qamishlou occurs as 
stratabound within lower Cretaceous basalt-
andesitic basalt lavas with disseminated, vein-
veinlet, vug infill, replacement, and 
framboidal textures. Ore and gangue minerals 
at Qamishlou occurrence include primary 
chalcocite and bornite, minor pyrite and 
chalcopyrite, secondary chalcocite, covellite, 
malachite, cuprite, neotocite, calcite, chlorite, 
and minor quartz and zeolite. The copper 
grade of ore samples varies between 0.2 and 
1.7 wt.%. A comparison of the main 
characteristics of the Qamishlou occurrence 
with different types of Cu deposits reveals that 
the geology, alteration, mineralization, 
mineralogy, and texture of Qamishlou are 
similar to the Manto-type (Buena Esperanza 
subtype) volcanic-hosted stratabound Cu 
deposits. 
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Fig. 1. Geological map of the Qamishlou Cu occurrence. Location of Cu ore zones is marked with numbers (1: Qamishlou, 2: 
Chokhor Yourd). 
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Fig. 2. Field photographs of the rock units in the Qamishlou Cu occurrence. A: A view of the alternation of shale and 

sandstone with basaltic lava interlayer (Kssh unit), Looking to the north. B: A close view of the boundary between the 
lower Cretaceous basaltic lavas (Kba unit) and the shale layers (Ksh unit), looking northwest. C: A view of the Eocene 

basaltic lavas (Evb unit), looking southeast. 
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Fig. 3. A: Photomicrographs (transmitted cross-polarized light, XPL) of minerals and textures of the basalt-andesitic basalt lavas in 

the Qamishlou Cu occurrence. A: Clinopyroxene crystals among the plagioclase crystals form an intergranular texture. B: 

Clinopyroxene crystals replaced by chlorite along with fresh clinopyroxenes among plagioclases. C: Chlorite aggregates among 

plagioclases, some of which are products of clinopyroxene alteration and some of which are formed in rock vugs. D:  Calcite veinlet. 

Mineral abbreviations from Whitney and Evans (2010). (Cal: calcite, Chl: chlorite, Cpx: clinopyroxene, Pl: plagioclase) 
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Fig. 4. Field photographs of the ore zone in the Qamishlou Cu occurrence. A: A view of the Cu ore zone in the upper part of the lower 

Cretaceous basalt-andesitic basalt lavas (Kba unit) and at the shale unit (Ksh unit) boundary, looking north. B-D: Views of primary 

chalcocite, malachite, and neotocite in the basalt-andesitic basalt lava (Kba unit), A is looking to the north-northwest. Mineral 

abbreviations from Whitney and Evans (2010). (Cct: primary chalcocite, Cp: cuprite, Mlc: malachite, Ntc: neotocite) 
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Fig. 5. Hand specimen photographs of ore structure and texture in the ore zone in the Qamishlou Cu occurrence. A-C: Views of 

primary chalcocite with disseminated texture within basalt-andesitic basalt lavas. Primary chalcocite shows alteration to malachite. 

In B and C, cuprite and neotocite are also observed. D-H: Views of primary chalcocite with malachite, cuprite, and neotocite with 

lens-shaped (D-E) and veinlet (G and H) textures within basalt-andesitic basalt lavas. Mineral abbreviations from Whitney and Evans 

(2010). (Cal: calcite, Cct: primary chalcocite, Cp: cuprite, Mlc: malachite, Ntc: neotocite) 
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Fig. 6. Microscopic (A and B, D-F, transmitted cross-polarized light, XPL) and hand specimen (C) photographs of hydrothermal 

alteration types in the Qamishlou Cu occurrence. A: Replacement of mafic and plagioclase minerals by chlorite and calcite in 

propylitic alteration. B: Concentration of chlorite, calcite, and quartz as filling the amygdales of the volcanic units in propylitic 

alteration. C. Concentration of zeolite as filling the amygdales of the volcanic units in zeolite alteration. D: Chlorite-carbonate 

alteration as line of chlorite and calcite with chalcocite and malachite. E and F: Silica-calcite alteration as late calcite (E) and quartz 

(F) veinlets crosscutting mineralized zones. Mineral abbreviations follow Whitney and Evans (2010). (Cal: calcite, Cct: chalcocite, 
Chl: chlorite, Mlc: malachite, Pl: plagioclase, Qz: quartz, Zeo: zeolite) 
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Fig. 7. Photomicrographs (reflected plane-polarized light, PPL) of the ore mineralogy and texture in the Qamishlou Cu 
occurrence. A: Anhedral to subhedral crystal of primary chalcocite with disseminated texture. B: Primary chalcocite crystal with 

veinlet texture. C: Framboidal pyrite that was replaced with primary chalcocite. D-F: Coarse- to medium-grained anhedral to 

subhedral crystals of bornite altered to secondary chalcocite and covellite. In E and F, primary chalcocite with disseminated 

and veinlet textures is also observed. G and H: Pyrite with disseminated (G) and veinlet (H) textures. I: Anhedral to euhedral 
pyrites surrounded by anhedral chalcopyrite. Mineral abbreviations follow Whitney and Evans (2010). (Bn: bornite, Ccp: 

chalcopyrite, Cct1: primary chalcocite, Cct2: secondary chalcocite, Cv: covellite, Py: pyrite) 
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Fig. 8. Mineralization stages, paragenetic sequence, and texture of gangues and ore minerals in the Qamishlou Cu 

occurrence. 
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Table 1. ICP-OES data (ppm) of ore samples and host basalt lava from the Qamishlou Cu occurrence. 

 Ag Al As Ca Cd Ce Co Cr Cu Fe La Li Mg 
D.L. 0.10 100 0.5 100 0.10 1 1 1 1 100 1 1 100 

GM-01 1.80 >20000 2.00 >20000 0.29 32 18 5 6264 >20000 16 33 11538 

GM-02 0.61 >20000 1.90 >20000 0.33 34 18 6 8525 >20000 17 32 11175 
GM-03 0.55 >20000 1.90 >20000 0.27 42 21 7 7422 >20000 21 38 13646 
GM-04 1.16 >20000 1.90 >20000 0.30 39 23 7 9449 >20000 20 41 14407 
GM-05 0.34 >20000 2.00 >20000 0.28 37 26 8 6728 >20000 18 44 15671 
GM-06 0.30 >20000 2.00 >20000 0.28 42 33 8 1881 >20000 21 52 16246 
GM-07 4.50 >20000 1.90 >20000 0.30 37 29 8 17324 >20000 19 56 18434 
GM-08 0.37 >20000 1.90 >20000 0.33 41 25 7 6806 >20000 20 45 15206 
GM-09 1.50 >20000 1.80 >20000 0.29 46 24 7 13063 >20000 21 42 14673 
GM-10 0.28 >20000 2.00 >20000 0.32 33 26 8 4419 >20000 16 42 15345 
GM-11 068 >20000 1.90 >20000 0.32 39 25 7 6735 >20000 20 49 15923 
GM-12 032 >20000 2.00 >20000 0.28 31 17 5 6913 >20000 15 31 10702 
GM-13 023 >20000 2.10 >20000 0.28 43 28 6 1809 >20000 21 46 17249 
GM-14 026 >20000 1.80 >20000 0.27 40 27 6 5088 >20000 19 46 16705 
GM-15 028 >20000 1.90 >20000 0.35 41 28 7 3640 >20000 20 49 17129 
GM-16  0.30 >20000 1.00 >20000 0.20 69 17.8 8 13.00 >20000 30 12 11340 

 Mn Mo Ni P Pb S Sb Sc Th V Y Yb Zn 
D.L. 5 0.5 1 5 1 50 0.5 0.5 5 1 0.5 0.2 1 

GM-01 695 0.57 7 2680 7 172 1.06 11.2 <5 163 17 1.2 146 
GM-02 785 0.56 6 2839 7 406 0.83 11.1 5 162 18 1.2 142 
GM-03 866 <0.5 8 3181 7 507 1.04 13.2 5.3 183 20 1.4 151 
GM-04 830 <0.5 9 3388 8 859 0.87 13.6 <5 210 19 1.3 178 
GM-05 948 0.57 9 3122 8 369 0.89 14.0 5.1 214 19 1.3 155 
GM-06 785 0.91 10 3450 8 127 0.81 13.8 5.1 223 19 1.4 154 
GM-07 844 0.67 10 3318 8 2083 1.08 14.0 <5 226 20 1.4 231 
GM-08 904 0.57 9 3329 8 306 0.93 14.3 5.2 196 21 1.4 180 
GM-09 1085 0.59 9 3418 8 1278 0.98 15.0 5.8 216 24 1.7 175 
GM-10 867 0.59 10 2921 7 269 0.92 12.7 <5 191 17 1.2 154 
GM-11 1066 0.58 9 3128 7 206 0.91 13.0 <5 203 17 1.2 160 
GM-12 658 0.58 7 2663 6 427 1.00 10.7 <5 158 16 1.1 144 
GM-13 1048 <0.5 9 3156 7 96 0.87 13.8 5.2 196 20 1.3 172 
GM-14 884 <0.5 9 3034 7 115 1.00 12.8 <5 204 18 1.2 175 
GM-15 963 0.52 8 3093 7 228 0.84 13.4 5 181 18 1.2 179 
GM-16  620 0.10 1 0.16 5 54 0.50 21.0 10.2 134 31 3.5 120 

GM-01 to GM-08 and GM-10 to GM-15: Ore samples with disseminated and lens textures; GM-07 and GM-09: Ore samples 
with veinlet texture; GM-16: basalt lava 
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Table 2. Elemental correlation coefficient (calculated based on Table 1) for ore samples at the Qamishlou Cu occurrence. 

 Ag As Cd Cu Pb S Sb Zn 

Ag 1        
As -0.05 1       
Cd 0.15 -0.16 1      
Cu -0.22 -0.51 0.01 1     
Pb -0.51 -0.24 0.02 0.37 1    

S -0.27 -0.38 -0.03 0.93 -0.16 1   
Sb -0.06 -0.24 -0.41 0.54 -0.16 0.45 1  
Zn -0.03 -0.33 0.14 0.58 0.50 0.72 0.27 1 
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Fig. 9. Correlation chart of ore-forming elements for ore samples at the Qamishlou Cu occurrence. 
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Table 3. Comparison of main characteristics of the Qamishlou occurrence with volcanic-hosted Cu deposits. 
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Table 4. Comparison of main characteristics of the Qamishlou Cu occurrence with some Manto-type Cu deposits in Iran. 
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Fig. 10. A-D: Schematic representation of mineralization evolution stages at Qamishlou Cu occurrence. See text for 
details. 
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