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Fig. 1. A: Simplified structural map of Iran (Aghanabati, 2005 Alavi, 1991). Red Circle shows the location of the study
area. (Abbreviations in Fig. la are as follows: Zagros: Zagros structural zone; SSZ: Sanandaj-Sirjan magmatic
metamorphic zone; AMB: Alborz magmatic belt; UD: Urumiyeh-Dokhtar magmatic arc; CIZ: Central Iranian Zone;
KRSZ: Kermanshah Radiolarites subzone; Yazd: Yazd Block; PB: Posht-e-Badam Block; Tabas: Tabas Block; Lut: Lut
block; KTZ: Khazar- Talesh- Ziveh structural zone; KD: Kopeh-Dagh ranges; CMR: Cenozoic magmatic rocks; Sistan:
East Iran ranges; Makran: Makran zone; Zabol: Zabol area), and B: Geological map of Tarom-Hashtjin metallogenic
belt and the location of copper and epithermal deposits in the map (after Ghorbani, 2013; Ghasemi Siani et al., 2017)
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Fig. 2. Geological map of Dohneh deposit (scale: 1: 20000) and location of copper mineralization (after Amini, 2000
with some modification).
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Fig. 3. Field pictures of rock units in the Dohneh district A: A view of volcanic and volcano-clastic units associated
with plutonic (qm) rocks in the Dohneh destrict (view towards the southwest), and B: A closed view of basaltic lava and

tuff units in the Dohneh area (view towards the northeast)
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Fig. 4. Photomicrographs of tuff units in the Dohneh district, A and B: Phenocryst minerals in the tuff unit which
consist of clinopyroxene, Orthopyroxene, Plagioclase and Olivine associated with basaltic fragments containing
plagioclase and opaque minerals, and C and D: photomicrographs of alterations minerals in the tuff unit consist of
calcite, chlorite, serpentine and opaque minerals which formed by alteration of olivine and pyroxene minerals. All
photomicrographs are taken in transmitted XPL. Mineral abbreviations are after Whitney and Evans (2010) (Cpx:
clinopyroxene, Opx: Orthopyroxene, Pl: plagioclase, Oli: Olivine, Opq: opaque, Cal: calcite, Chl: chlorite, Srp:
serpentine).
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Fig. 5. A: Hand specimen of an amygdaloidal basaltic lava unit with amygdaloidal texcture which filled in the Dohneh
area by carbonate and chlorite, B: Photomicrographs of major minerals of basaltic unit which consist of orthopyroxene,
clinopyroxene, plagioclase and olivine, C, D, E and F: Photomicrographs of alterations in the amygdaloidal basalt unit,
including pyroxene, cuprite carbonate, late-stage carbonate, chlorite, serpentine, epidote, oxides, opaque minerals and
zeolite. All photomicrographs are taken in transmitted XPL. Abbreviations are after Whitney and Evans (2010) (Cb:
carbonate, Chl: chlorite, Opx: orthopyroxene, Cpx: clinopyroxene, Pl: plagioclase, Oli: olivine, Px: pyroxene, Cpr:
cuprite, Cb(I): carbonate, Cb(Il): late-stage carbonate, Chl: chlorite, Srp: serpentine, Ep: epidote, Fe-Ox: iron oxides,
Opq: opaque minerals, Zeo: Zeolite).
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Fig. 6. Photomicrographs of porphyritic basalt in the Dohneh destrict. A, B, C and D: Major minerals of basalt which
include clinopyroxene, orthopyroxene, plagioclase, and olivine, E and F: Formation of alteration minerals such as
carbonate, chlorite, serpentine, epidote and iron oxide in the basalt. All photomicrographs are taken in transmitted XPL.
Abbreviations are after Whitney and Evans (2010) (Opx: orthopyroxene, Cpx: clinopyroxene, PI: plagioclase, Oli: olivine,
Chl: chlorite, Srp: serpentine, Ep: epidote, Cb: carbonate, Fe-Ox: iron oxides, Opq: opaque minerals).
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Fig. 7. Hand specimen photos of copper mineralization in the Dorna region. A and B: Copper mineralization in which
formed as veinlets and replacement, C: An overview of cuprite which replaced by malachite during the supergene and
weathering process, and D: An overview of the native copper which replaced by cuprite, malachite and azurite.
Abbreviations are after Whitney and Evans (2010) (Cpr: cuprite, Mlc: malachite, Cu: native copper, Az: Azurite).
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Fig. 8. Photomicrogaphic images of alterations in the Dohneh deposit. A and B: Zeolite and first generation of
carbonate alterations, which occurred as veinlet and open space filling, and C: Photomicrographs of zeolite and
carbonate alterations which cut by late-stage carbonate. All photomicrographs are taken in transmitted XPL. Abbreviations
are after Whitney and Evans (2010) (Zeo: Zeolite, Cb (I): first generation of carbonate, Cb (II): late-stage carbonate).
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Fig. 9. Photomicrographs of ore minerals in the Dohneh deposit. A: veinlet of native copper which replaced by cuprite,
B: magnetite and cuprite which occurred as disseminated in the host basaltic rock, C: Replacement of native copper by
cuprite and malachite, D: native copper with a residual texture which replaced by cuprite, and E: A scanning electron
microscope (SEM) of native silver, which formed as inclusion within the native copper. All photomicrographs are taken

in reflected PPL. Abbreviations are after Whitney and Evans (2010) (Cpr: cuprite, Mlc: malachite, Cu: native copper, Mt:
magnetite Ag: native silver).
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Table 1. Geochemical results of volcanic rocks from the Dohneh destrict, the content of major oxides are given by wt.

%, and the content of the rare earth and trace elements are given by ppm. The porphyritic basalt samples are DH-6, DH-
7, DH-11 and DH-13 and the amygdaloidal basalt samples are DH-9 and DH-14.

Element DH-6 DH-7 DH-9 DH-11 DH-13 DH-14
SiO 46.32 46.2 46.08 47.839 46.91 47.29
TiO, 1.42 1.16 1.42 1 1.05 1.06

AlLOs 16.14 17.48 16.86 17.29 16.25 17.31
Fe,0; 16.82 15.52 16.19 16.73 16.66 15.55
MnO 0.1708 0.1653 0.1951 0.1383 0.1154 0.1444
MgO 2.33 1.53 1.69 1.22 2.05 1.73
Ca0O 10.38 10.73 10.76 10.05 9.72 9.84
Na,O <1 <1 <1 <1 <1 <1
K>,O 3.05 2.97 3.19 2.58 3.69 3.51
P,0s 0.52 0.38 0.48 0.42 0.57 0.54
SO; 0.0145 0.0187 0.0125 0.0125 0.013 0.0125
SrO 0.14 0.15 0.17 0.13 0.13 0.14
LOI 2.86 2.94 3.15 2.7 2.98 3.03
Total 100 99.24 100 100 100 100
Ag 0.3 0.2 0.3 0.4 0.1 0.1
Al 83422 85416 86349 86106 86090 86904
As 3.7 3.2 3.3 3.6 3 5.4
Ba 549 582 612 578 554 567
Be 1.4 1.4 1.4 1.5 1.4 1.4
Bi 0.2 0.2 0.2 0.2 0.2 0.1
Ca 66126 67273 70405 69712 67952 73139
Cd <0.1 0.2 <0.1 <0.1 <0.1 <0.1
Ce 32 33 34 34 33 34
Co 32 31.4 32.2 29.1 30.8 32
Cr 88 95 92 91 87 90
Cs 1.4 1.3 0.9 0.7 0.6 0.6
Cu 104 87 30 44 24 36
Dy 4.25 4.14 4.07 3.99 4.03 4.02
Er 2.34 2.26 2.24 2.23 2.19 2.19
Eu 1.32 1.28 1.32 1.31 1.29 1.3
Fe 71975 73163 74872 74508 73402 74071
Gd 4.14 4 4.02 3.92 3.97 4
Hf 2.39 2.32 2.25 2.33 222 2.26

In <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
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Table 1 (Continued). Geochemical results of volcanic rocks from the Dohneh destrict, the content of major oxides are

given by wt. %, and the content of the rare earth and trace elements are given by ppm. The porphyritic basalt samples
are DH-6, DH-7, DH-11 and DH-13 and the amygdaloidal basalt samples are DH-9 and DH-14.

Elenent DH-6 DH-7 DH-9 DH-11 DH-13 DH-14
K 18635 19534 21083 20145 19988 20485
La 17 18 18 18 18 19
Li 9 10 10 9 6 7
Lu 0.3 0.29 0.29 0.29 0.28 0.28
Mg >2% >2% >2% >2% >2% >2%
Mn 1323 1280 1511 1071 894 1118
Mo 0.3 0.2 0.2 <0.1 0.4 0.3
Na 17455 17760 18091 18154 18561 19018
Nb 8.5 8.3 7.6 7.5 6.9 7.1
Nd 17.8 17.3 17.9 17.7 17.6 17.6
Ni 26 25 26 24 24 25
P 1434 1448 1510 1505 1520 1528
Pb 24 77 22 23 12 13
Pr 3.71 3.62 3.76 3.73 3.73 3.75
Rb 36 36 40 39 39 39
S 58 75 <50 <50 52 <50
Sb <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Sc 28 28 28.5 28.4 27.7 27.2
Se 1.03 0.87 1.01 1.07 0.74 0.79
Sm 4.11 3.91 3.99 4 4 4.04
Sn 1.2 1.1 1.1 1.1 1.2 1.1
Sr 668.3 687.1 717.2 680 697.9 694
Ta 0.47 0.51 0.46 0.46 0.41 0.38
Tb 0.66 0.63 0.65 0.64 0.64 0.65
Te 1.32 0.75 0.52 0.36 0.56 0.33
Th 1.38 1.19 1.11 1.07 1.04 1.03
Ti 6759 6894 6957 6941 6841 6961
Tl 0.11 0.11 <0.1 <0.1 <0.1 <0.1
Tm 0.34 0.33 0.33 0.32 0.32 0.33
U 0.6 0.5 0.5 0.5 0.5 0.5
v 260 263 266 263 255 260
A\ 1.2 1.1 <1 <1 <1 <1
Y 20.8 20.2 20.6 20.5 20.6 20.6
Yb 3.6 3.6 3.8 3.7 3.7 3.8
Zn 99 120 111 111 89 90
Zr 81 &3 84 84 &3 85
Eu/Eu* 0.983 0.995 1.013 1.0170 0.995 0.994
Th/Nb 0.162 0.143 0.146 0.143 0.151 0.145

(La/Yb)x

3.191

3.379

3.200

3.287

3.287

3.379
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Fig. 11. A and B: Geochemical classification of volcanic rocks in the Dohneh area by using the Pearce (1996) and Cox
et al. (1979) diagrams, as shown in these diagrams all samples fall within the basaltic composition field, and C: The
position of volcanic rocks in the Dohneh area is shown in the Hastie et al. (2007) diagram.
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Fig. 12. A: Ti/ 100-Zr-3Y diagram (Pearce and Cann, 1973) and the position of the Dohneh samples on them, B: Ti/
100-Zr-Sr/2 (Pearce and Cann, 1973) diagram and the location of the Dohneh samples on them, and C: Nb-Zr/4-Y
diagram (Meschede, 1986) and the location of the Dohneh samples on them
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Fig. 13. A and B: Geotechnical diagram of ultrabasic and basic rocks and position of the Dohneh samples within these
diagrams (Verma et al., 2006). DF1 and DF2 parameters have been calculated by Verma et al. (2006). Abbreviations
includ: island arc basic rocks (IAB), continental rift basic rocks (CRB), ocean-island basic rocks (OIB), mid-ocean ridge
basic rocks (MORB).
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Fig. 14.Nb / Y-Zr / Y diagram (Condie, 2005) and the location of the studied samples on them associated with the data
of the volcanic units from the Qazvin (Asiabanha and Foden, 2012) and Tarom areas (Nabatian et al., 2014b). The
arrows display the effects of melting (F), subduction (SUB), arc-related basalts (ARC), normal mid ocean ridge basalts
(N-MORB) and oceanic island basalts (OIB).
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Fig. 17. Primitive mantle nomalized of trace and rare earth elements pattern (Mcdonough and Sun, 1995) for the
Dohneh volcanic rocks. A: Pattern of primitive mantle nomalized for trace and rare earth elements, and B: Pattern of

primitive mantle nomalized for rare earth elements



L‘)‘)lS.on 9 (G0

MA

o sluY- LaazsT s o Bete gl g5 slolusls L aims o LS anylia ¥ Joun

Table 2. Comparison of Dohneh copper deposit with Manto, Michigan and Volcanic-Red Bed type deposit.

Volcanic red-bed

Characteristics ' Manto type‘ Michigan ty[?e Dohneh C(-)pper
copper deposits copper deposits copper deposits deposit
. Chile (Yuen Keweenaw Island, .
Location North America ( . . NE Zanjan, Iran
Esperenza deposit) United States
Volcanio- ) Amygdaloidal basalt )
Host ) Basaltic and .yg. Amygdaloidal
sedimentary rocks, . with interlayers of
rock andesitic lavas basalt
basalt conglomerate
Calc- alkaline
Magmatic Mafic and Calc-alkaline series  Tholeites series (sub- series, high
affinity felsic lavas (alkaline) alkaline) potassium,
shoshonite
Continental
Tect-onic volcanics to marine COHtiI‘lEI.ltal Mid- continental rift Back arc
setting and shallow volcanic
marrine
Nati Native copper,
) ) ) ) ative copper, .
. Pyrite, chalcocite,  Chalcocite, bornite, . PP . native silver,
Mineral . . . . cuprite, malachite, .
. bornite, native chalcopyrite, native ) cuprite,
paragencsts copper copper, malachite chrysocolla, native malachite
PP Pper; silver, chalcocite o
azureite
Veins, vein-veinlet,
Disseminated, Veins, open space Spray, open space replacement,
Ore texture . .
concordant and non filling filling open space
concordant filling

Alteration
assemblage

Age of
mineralization

Reference

Albite, quartz,
epidote, chlorite,
zeolite

Silurian

Kirkham, 1996;
Cabral and
Beaudoin, 2007

Chlorite, albite,
quartz, epidote

Jurassic

Sillitoe, 1977,
Ramirez et al.,
2006

Calcite, chlorite-

epidote Calcite, chlorite,
quartz, pompulet, zeolite, epidote
zeolite
Paleozoic Eocene
Cornwall, 1956;
Brown, 1971,
Rosemeyer, 2011; Present study

Bornhorst and
Barron, 2011
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Table 3. Comparison of Dohneh copper deposit with Michigan type copper deposits in Iran

. Abbasabad Ghebleh bolagh Darhand Garmabe paein Dohneh
Characteristics . . . . copper
copper deposit copper depsite copper deposit Cu deposit .
deposit
. Northwest of Southeast of Southeast of Northeast of
Location . . Natanz .
Qazvin Zanjan Shahroud Zanjan
. . Trachyandesite .
Andesite-basalt Amygdaloidal Amygdaloidal and andesite- Amygdaloid
Host rock basalt basalt al basalt
basalt
Native
. Native copper, Native copper, Natl.ve copper, Native copper, copper,
Mineral . tenorite cuprite, tenorite . native silver,
. cuprite, . . cuprite, .
paragenesis malachite malachite, malachite, malachite cuprite,
azureite, hematite a little pyrite malachite,
azureite
. . . Vein-veinlet,
Veins, open Spray, open space . Vein-veinlet,
Ore texture . . Veins . . open space
space filling filling disseminated .
filling
Epidote, prehnite Calcite,
Alteration Zeolite, quartz, P P > Zeolite, prehnite  Chlorite, zeolite chlorite,
. . pompulet, quartz, .
assemblage calcite, chlorite . . pompulet zeolite,
chlorite, calcite .
epidote
Age of Middle to Probably late
. . Paleocene Paleocene Upper Eocene
mineralization Paleocene
Paleocene
. . Nezafati et al., Tashi et al., Present
Reference Moradi, 2012 Behzadi, 1995 2006 2016 study
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Introduction

The Dohneh copper deposit is located northeast of
Zanjan within the Tarom subzone and the western
Alborz-Azarbayjan magmatic belt. There are
several reports of copper mineralization in the
Tarom region such as the Aliabad Mousavi-
Khanchay Cu deposit (Saeedi, 2015),the Lolan
Cu-Au deposit (Zamanian et al., 2016), the Mari
Cu deposit (Hosseinzadeh et al., 2016) and the
Gheshlagh Cu deposit (Abbaspour, 2017) which
make this subzone an important metallogenic
zone in Iran. Prior to the present research, there
was no detailed study done on the Dohneh Cu
deposit. Thus, the aim of this research is to
present detailed characteristics of geology,
mineralogy and geochemistry of the host rock as
well as the origin of Cu mineralization in the
Dohneh area. The results of this study can be
considered as an exploratory pattern in the Tarom-
Hashtjin metallogenic belt in terms of time and
space.

Materials and methods

Petrographic and mineralogical features of the
Dohneh Cu mineralization and host volcanic rocks
were determined by studying 52 thin and thin-
polished sections. Major and trace element
compositions of six volcanic samples (the host of
mineralization) were determined by the Iran
Mineral Processing Research Center and Zarazma
Company using XRF and ICP-MS methods,
respectively. Furthermore, four samples were
selected for electron microprobe and scanning

electron microscope (SEM) analysis in the Iran
Mineral Processing Research Center, Karaj.

Results and Discussion

The main rock units in the Dohneh area include
Eocene tuffs and basalts which are related to the
Kordkand member of the Karaj Formation. The
tuff unit displays basic composition and is
comprised of plagioclase, pyroxene, minor olivine
and opaque minerals. There are also some basaltic
fragments within the tuff unit. The Dohneh
volcanic lavas can be divided into two lava flows
varying in texture and mineralogy. The
amygdaloidal basalt shows porphyritic and
amygdaloidal textures and contains plagioclase,
clinopyroxene, orthopyroxene, olivine and opaque
minerals. The secondary minerals are carbonate,
serpentine, epidote, chlorite, zeolite (filling the
cavities), sericite and iron oxide. The second lava
flow in the Dohneh area is the porphyritic basalt
which shows specified porphyry texture which
consists of pyroxene phenocrysts enveloped
within  the fine-grained matrix including
plagioclase, olivine and pyroxene. The
geochemical features of the Dohneh basaltic lavas
show calc-alkaline nature with enrichment in
LILE and LREE and depletion in HFSE and
HREE. The Dohneh samples show negative
anomaly of Nb, Ta and Ti in primitive mantle
normalized spider diagrams. This geochemical
evidence together with trace element data suggest
that the Dohneh lavas have formed through partial
melting of metasomatized lithospheric mantle.
The status of the Dohneh samples in the tectonic
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discrimination diagrams shows subduction related
magmatism analogous to those reported from the
Tarom and Qazvin areas (Nabatian et al. 2014;
Asiabanha and Foden, 2012).

The Cu mineralization occurred in both
amygdaloidal and porphyritic basalt lavas.
According to e mineralography studies, the
Dohneh deposit includes native copper, native
silver, cuprite, malachite and azurite minerals.
The minerals occur in the forms of vein-veinlet,
open space filling, replacement and residual. The
major alteration minerals in the Dohneh deposit
include carbonate, chlorite, zeolite, and
serpentinite and minor epidote, which have
formed as replacement, vein-veinlet and open
space filling in the host rocks.

The field and microscopic observations, whole
rock chemistry and mineral chemistry data from
the Dohneh deposit suggest that the mineralization
fluids and hot saline aqueous fluids have been
generated during the late diagenesis and burial
metamorphism in the volcanic sequence. During
the ascending of fluids through the fractures and
faults, the copper metal leached out of silicate
minerals and turned into an elemental Cu®" which
is soluble in the fluid. Then, through the injection
of mineralized fluids into the fractures and empty
spaces of host rocks which was associated with
decreasing pressure, copper and native silver
minerals associated with zeolite formed at the end
of the diagenetic stage, and in particular in the
burial metamorphic phase. Moreover, during the
circulation of fluids in the host rock, secondary

minerals have formed. Consequently,
mineralization of zeolite and part of copper
mineralization occurred during burial

metamorphism. In  the final stages of
mineralization and during the supergene and
meteoric waters affected the minerals and caused
formation of secondary minerals. In the final
stages of mineralization and during the supergene
and weathering activities secondary minerals have
been generated. According to this study and

comparing the characteristics of the Dohneh
deposit to Michigan copper type deposits, it can
be stated that the characteristics of the Dohneh
copper deposit is the most similar to those of the
Michigan copper deposits.
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