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Extended Abstract

Introduction

The Torud- Chah Shirin belt in Semnan province is the result of Tertiary volcanic-magmatic events.
The geological, geochemical and mineral deposit surveys in the Torud- Chah Shirin area have identified
numerous base and precious metal deposits, including mines, mineral deposits and ore indications of
base (Cu, Zn, and Pb) and precious (Au and Ag) metals, iron, manganese and non-metallic deposits
such as turquoise, feldspar, barite, kaolin, zeolite, bentonite, celestite, silica, amethyst, sodium sulfate,
gypsum, salt and evaporites. The Kahovan Cu (Ag) deposit is located 125 km south of Shahroud in
Semnan province and is accessible by the Shahrood-Torud and Shahrood-Damghan-Moaleman-Torud
asphalt roads. In this study, the Kahovan deposit is investigated in terms of geology, mineralogy,
geochemistry and genesis.

Materials and Methods

In this study, the number of 50 rock and ore samples have been selected for petrography,
mineralography, and mineral texture studies. The number of 14 rock and 4 ore samples have been
collected for geochemical studies. All samples were prepared for measuring of major oxides by alkali
fusion and for major, trace and rare earth elements by four-acids mixture methods and then analyzed
using inductively coupled plasma-optical mission/mass spectrometry (ICP-OES/MS) devices in the
Zarazma lab in Tehran. Two pure chalcocite samples were analyzed in the geochemical laboratory of
Mesbah Energy Company using a high-precision isotope mass spectrometer (IRMS) to measure the
sulfur isotopic ratio.

Results and Discussion

Geology: The Kahovan copper area is located in the northern part of the Central Iran Zone and in the
Torud- Cah Shirin magmatic belt. In the Kahovan area, sedimentary rocks (shale, limestone, sandstone,
and marl), pyroclastic rocks, volcanic rocks, and andesite and basaltic dykes are exposed. A major part
of the Kahovan area is covered by pyroclastic rocks, which consist of epiclastic tuffs, crystalline tuffs,
lithic tuffs, sandy tuffs, tuffaceous sandstone, and tuffaceous shale. Epiclastic tuffs, especially along
fault trends, is hosting copper mineralization (chalcocite, malachite, chrysocolla, and azurite). Volcanic
rocks are also significantly widespread. Volcanic units, have occasionally prismatic structure, and are
observed on top of Eocene pyroclastic units and sometimes as interlayers within pyroclastic units. The
composition of the volcanic units varies from andesite, trachyandesite, andesite-basalt, basalt, and
olivine basalt. In the Kahovan area, the Middle-Late Eocene volcanic-pyroclastic-sedimentary complex
is cut by trachyandesite and olivine basaltic dykes with Late Eocene to Oligocene age.
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Alteration: In the Kahuan area, depending on the chemical composition of the host rocks, the chemistry
of the hydrothermal fluids, temperature, and pressure, the alteration zones include propylitic, argillic,
chloritic, zeolitic, silicic, and carbonate types. Chlorite, epidote, calcite, and albite are the characteristic
minerals of the propylitic alteration zone, and volcanic and pyroclastic rocks with andesite-basalt to
olivine-basalt compositions have undergone this alteration. Argillic alteration is characterized by the
formation of clay minerals, especially kaolinite, montmorillonite, and illite, which are usually formed
as a result of acidic hydrothermal solutions on alkali feldspars. In this zone, volcanic and pyroclastic
rocks with andesite to trachyandesite compositions have undergone argillic alteration. Zeolitic alteration
is characterized by the formation of zeolite from primary silicate minerals by the action of low-
temperature hydrothermal fluids. Silicic and carbonate alteration is observed in vein-vein forms, space
filling between breccia fragments, pore filling, and silicification of background in volcanic-sedimentary
rocks.

Mineralization: In the Kahovan area, copper mineralization is observed mostly in vein-vein forms,
breccia, and pore-filling in volcanic-sedimentary rocks. vein-veinlet systems are divided into the silicic,
silicic- sulfide, iron oxide, silicic- chlorite + calcite and silicic-calcite vein types based on their
constituent minerals. In breccia form mineralization, the open spaces between the breccia fragments are
filled with gangue and ore minerals (e.g., quartz, chlorite, calcite, chalcocite and malachite). The rock
type of breccia fragments is andesite, trachyandesite, andesite-basalt and basalt. In the pore-filling type
of mineralization, gangue (quartz, chlorite, and calcite) and ore minerals (chalcocite, chrysocolla,
malachite and azurite) are formed in the cavities of volcanic rocks (andesite, andesite-basalt, olivine
basalt) and in the space between the fragments in epiclastic tuffs. Based on mineralogical, structural
and textural studies, in the Kahuan mineralization system, minerals are formed in two hypogene and
supergene stages. In the hypogene stage, sulfide minerals such as pyrite, chalcopyrite and primary
chalcocite are formed from hot metal-bearing hydrothermal fluid. Chalcosite is the main mineral in this
stage, which is rarely accompanied by disseminated and fine grains of pyrite, chalcopyrite and bornite.
In the supergene stage, due to the activity of meteoric waters under surface oxidation conditions, are
formed minerals such as chrysocolla, malachite, azurite, iron oxides and hydroxides (hematite, goethite
and limonite), and in the reduced supergene zone are formed secondary chalcocite, covellite and rarely
native copper. Supergene minerals are formed as a result of the replacement of primary sulfide minerals
such as chalcosite and chalcopyrite (mostly chalcosite). Quartz, chlorite, epidote, zeolite, calcite, and
gypsum are important gangue minerals in the Kahuan mineralization system. The gangue and ore
minerals are observed in vein-veinlets, breccia, pore-filling, radial, and replacement forms.
Geochemistry: In the chemical classification diagrams, the volcanic rocks and dike samples are located
in the range of andesite, dacite, trachyandesite, basaltic andesite and basalt. In the magmatic series and
tectonic environment discrimination diagrams, all rock samples are calc-alkaline type and located in
field of continental arc basalts related to subduction zones. In the ore samples, the Cu, Ag, Zn, Pb, and
Mo contents have been compared with their crustal abundance. The results show that the Cu and Ag
concentrations are in ore grades, and Pb is enrichment, while the amounts of other elements are low. In
this study, the average contents of trace and rare earth elements in the volcanic rocks and ore samples
have been normalized to the composition of the primitive mantle and chondrite. The geochemical
behavior of the elements in these patterns indicates the genetic affinity between volcanic and
mineralized samples. The sulfur isotopic ratio values (5**S) of -7.6 %o and -5.4 %o (average -6.5 %o) in
the chalcocite of the Kahovan copper deposit have been compared with some Manto-type copper
deposits in Iran and Chile, and the Kahovan deposit is most similar to the eastern Narbaghi Manto-type
copper deposit in Iran. The probable source of the sulfur in chalcocite is from primary pyrites formed
in the initial diagenesis stage during the bacterial reduction of seawater sulfate.

Ore deposit genesis: Comparison of the geological and mineralogical characteristics of the Kahovan Cu
(Ag) deposit with various types of copper deposits shows that this deposit is most similar to the volcanic
rock-hosted Cu deposits. Therefore, the main characteristics of this deposit have been compared with
the volcanic rock-hosted Cu deposits (Michigan-, manto-, and volcanic red bded-types Cu deposits).
Among, the Kahovan deposit has a great similarity with manto-type Cu deposits. In the Kahovan area,
copper mineralization has formed during three main stages: pre-mineralization stage, in this stage
volcanic-sedimentary activities in the form of alternating lava and pyroclastic eruptions (with
intermediate to mafic composition) and sedimentary have occurred in the subduction-related volcanic
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arc environment, and has been formed a sequence of volcanic, pyroclastic and sedimentary rocks with
Middle-Late Eocene age. The gas-rich basaltic lavas, after eruption and rapid cooling, have developed
extensive fractures and numerous cavities have appeared in these rocks. At the same time, in the initial
diagenesis stage, the activity of sulfate-reducing bacteria has created reducing conditions in the
sediments and provided the condition for pyrite deposition in the host rocks. The appearance of pyrite
in this stage has been a key factor in creating a suitable reducing environment for the formation of
copper-bearing minerals in the later stages. In the burial and low-grade metamorphism stage, as material
deposition continues and the thickness of the volcanic-sedimentary sequence increases, these units
undergo a deep burial process. Due to increased temperature and pressure, low-grade metamorphism
occurs and causes the release of copper and other elements from the crystal lattice of silicate minerals
such as feldspar, amphibole, pyroxene, and magnetite. This event could indicate changes in water-brine
chemistry in the basin and initiates the leaching of copper from the host volcaniclastic rocks. In this
process, minerals such as feldspars are altered to secondary minerals such as zeolite, calcite, epidote,
sericite, and amphibole and pyroxenes to chlorite, epidote, biotite, magnetite, hematite, sulfides, and
primary magnetite to hematite. The significant volume of volcano-sedimentary sequences, volcanic
activity, and deep and semi-deep intrusions (diorite and monzodiorite bodies and olivine basalte and
trachyandesitic olivine dikes) in this region can generate high temperatures, which cause the movement
of pore oxidant brines and fluids, and these fluids are enriched in Cu due to the high temperature of
environment and circulation in volcanic and pyroclastic rocks. The released copper is transported in the
form of copper ions by high-temperature fluids resulting from burial diagenesis and directed towards
zones with high permeability and previous reduction conditions. In these places, geochemical (such as
pyrite-bearing and carbonate rocks, etc.) and physical (the presence of impermeable layers such as fault
zone, etc) barriers cause the instability of copper-bearing complexes, and primary copper sulfide
minerals such as chalcopyrite, bornite, and chalcocite are formed in vein-veinlets, breccia, and cavity-
filling shapes at the host volcanic and pyroclastic rocks. Iron released from pyrite decomposition
precipitates as hematite. After the formation of primary copper sulfides, the Eocene sedimentary-
volcanic sequence has been folded and faulted by occurrance of orogenic and uplift phases. In the
supergene stage, the effect of meteoric waters causes the oxidation of primary copper sulfides. As a
result of this process, primary copper-bearing minerals such as chalcocite, chalcopyrite, and bornite are
replaced by malachite, chrysocolla, azurite, hematite, goethite, and limonite in the oxidized supergene,
and secondary chalcocite, covellite, and rarely native copper are formed in the reduced supergene.
Oxidation processes not only change the mineralogical composition of the ore, but also cause secondary
enrichment of copper in the surface parts of the deposit.

Conclusion

In the Kahavan area, copper mineralization has occurred as stratabound form in the epiclastic unit and
andesite to basaltic andesite volcanic rocks. The geochemical characteristics of volcanic rocks and ores
indicate their formation in an intra-arc extensional environment related to the subduction zone. The
mineralogy of the ore deposit is simple and mostly consists of chalcocite, malachite, and chrysocolla.
Vein-vein forms, breccia, and cavities- and amygdales-filling forms are the dominant textures of
mineralization. Alterationsinclude propylitic (especially chloritic and epidotic), argillic, zeolitic, silicic,
and carbonate zones. Copper is the main and silver is byproduct elements of mineralization. The
possible origin of sulfur in copper sulfides is provided from the primary pyrites of the initial diagenesis
stage, during the bacterial reduction process of seawater sulfate. Kahavan deposit is most similar to the
Manto-type copper deposits with andesite to basaltic andesite host rock.

Keywords: Eocene, Volcano-sedimentary sequence, Kahovan, Manto-type copper, Torud-Chah Shirin
magmatic belt.
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Fig. 1: A: Location of the Kahovan copper area in Iran and Semnan Province; B: Geographical location and

access roads to the Kahovan copper area
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Fig. 3: A: Nummulite-bearing limestone unit in the Eocene volcanic-sedimentary sequence (view to the north);
B: Copper mineralization as malachite in limestone fractures; P: Microscopic image (XPL) from the nummulite-
bearing limestone riched in Heterostegina, Assilina, and Alveolina fossils. Hete: Heterostegina; Assi: Assiling;

Alve: Alveolina



VRO ] Jeolig e 5 5,00

01925 gle g3 (0,85) e JudlS 0,555 slacgignl (candsshy 5 2l3al ((culidsiye;

3 55 S5 S g oot (sl Gl 5 slads (I
¥ US2) axts osgazme cnl 5o )lsl )31 slaKiw Koo
S 5 sl s 5 byl gediile Gl (& W v
ashd o 59wy, addllas ol L B c,%)'aﬂ
Slas clil b ocoail 1) bl goaisle slacKiw
CoS 5 oS 5 s edL 5l AT wes e
5 g dio) b (685 sl (gl g wlaisly
ot o oSy Dganl oIS s SL >
oS 5l ol bS] 5 CondS ¢, Gla S

(z F JSs) s 5,91 3T slacKiw o Sle S

Sl slaSaw 1) lgals sogame 5l (slodes iy
Bei (SodS ol slacdys 3l i a5 s oo JSis
5 P9 Siwdulo (glawle By By Siaid oy dlin S
G 3O i &MJSG,I sy .l IS s
P USE) il S8 ead (L5l b S slacds L
3 SllS gl sl soniile olahad ojlail (A
5 b —co il w0l ST wca josT 5l olakad i
4 g SdS o sbeddg (o F SG) sl e Il
o 2l Gl (LS slaasg, slael o o
¥ USE) ool (Sa950 9 Y55 95,5 wuaS Vo earussSIIS)

0y 5l Ggeisy 1 tead (i, el S g5 5l Stwd diged gl o Sl o) By 5l ciws diges pgeal io (b 4

a5 g sonijle lakad 51 (XPL) (555w Ko gl iz 1898 Seitd 5l (Swd diged paad i (5ol Jlod 4y 0y8) Bgv S
cdgs; Ze0 WS 95D Plg ks e HBI «gosl Ep wo IS Chl el (68,90 8L L b b edlilb - cojul cuS 5 sl

(Whitney and Evans, 2010 ;I b SIS s ,lais| 43le)
Fig. 4: A: Epiclastic tuff in faulted adjacent with argillized crystalline tuff and the epiclastic tuff unit hosts copper
mineralization (view to SW); B: Photograph from the hand-sample of epiclastic tuff; P: Photograph from the hand-
sample of argillized crystalline tuff; T: Outcrop of lithic tuff unit (view to NE); C: Photograph from the hand-
sample of lithic tuff; J) Photomicrograph (XPL) from the fragments forming of tuffs which have porphyritic
andesite-basalt to basalt composition. Chl: chlorite, Ep: epidote, Hbl: hornblende, Plg: plagioclase, Zeo: zeolite
(Abbreviations of minerals from Whitney and Evans, 2010)
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(and Evans, 2010
Fig. 5: A: Andesite unit placed on Eocene pyroclastic rocks (view to NW); B: Hand sample of andesite crosscut
by chlorite, quartz, and malachite veins; P: Photomicrograph (XPL) of altered andesite; T: basaltic unit (view to
NW); C: Photograph from the hand sample of altered basalt; J: Photomicrograph (XPL) of basalt with
glomeroporphyric texture; Ch: Olivine basaltic olivine unit with prism structure placed on the Eocene pyroclastic
rocks (view to SW); H: Photograph from the hand sample of olivine basalt with amygdaloidal texture; Kh:
Photomicrograph (XPL) of olivine basalt. Cal: calcite, Chl: chlorite, Clay: clay minerals, Hbl: hornblende, Plg:

plagioclase, Cpx: clinopyroxene, Mlc: malachite, Opg: metallic minerals, Ol olivine, Zeo: zeolite (Abbreviations
of minerals from Whitney and Evans, 2010)
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Fig. 6: A: Trachyandesite dike intruded in the Eocene volcanic-sedimentary rocks (view to NW); B:
Photomicrograph (XPL) of a trachyandesite dike with porphyry and trachytic texture; P: Olivine basalt dike

intruded in the Eocene lithic tuff unit (view to SE); T: Photomicrograph (XPL) of olivine basalt dike with
glomeroporphyritic texture. Hbl: hornblende, Plg: plagioclase, Cpx: clinopyroxene, Opg: metallic minerals, Ol,

olivine, Qtz: quartz (Whitney and Evans, 2010)
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Fig. 7: Field and photomicrograph of the various hydrothermal alteration zones. A: Propylitic and argillic
alterations (view to NE); B: Chloritization in andesite-basalt rock; P: Chlorite as pore-filling in basalt; T: Basalt
alteration and formation of zeolite, chlorite and epidote minerals; C: Calcite veins along with chlorite in
pyroclastic rock; J: Silicic veins in the Eocene volcanic-pyroclastic rocks. Ep: epidote, Plg: plagioclase, Chl:
chlorite, Cal: calcite, Cpx: clinopyroxene, Zeo: zeolite (Whitney and Evans, 2010).
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Fig. 8: Field photpgraphs from the various forms of mineralization in Kahovan area. A: Copper-bearing silicic-
calcite vein in the epicolastic tuffs (view to SW); B: Copper-bearing silicic-chlorite veins in altered basaltic
andesite rocks; P: chalcocite and malachite vein-veinlets in tuffaceous sandstones; T: Quartz, chlorite, chalcocite,
and malachite as open space-filling between brecciated fragments of andesite; C: Quartz, chlorite, calcite,

chalcocite, malachite, and azurite as open space-filling between clastic fragments with basalt, andesite, and tuff
composition. J: Chrysocolla, azurite, and malachite as space-filling between fragments in epiclastic tuff.
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.(Whitney and Evans, 2010)

Fig. 9: A, B: Photomicrographs of chalcocite being replaced by covellite, goethite, and malachite; P, T: Field
photographs of the oxidation zone with hematite, goethite, limonite, gypsum, and malachite association (viewe to
SE); C, J: Photomicrographs from the oxidation zone of mineralization with the presence of hematite, goethite,
limonite, and malachite. Hem: hematite, Gth: goethite, Lm: limonite, Mlc: malachite (Whitney and Evans, 2010)
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Table 1: Mineralogy, texture, and paragenetic sequence of minerals in the Kahovan copper mineralization

system
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Table 2: Major oxides (wt. %), minor, trace, and rare earth elements (ppm) contents of 14 volcanic rock and dyke

samples in the Kahovan area, south of Shahrood

sample TG PG TG TFGi KRGS TKRG® oG pos  moes  Row  Rom  Rew o oas o
E/T)cek Andesite  Andesite  Andesite  Andesite Andsassi;eli Andg;sit;{ Basalt ~ Basalt  Basalt oga\;i;? Ollnia\;igli Oé)ia:i:li Andeziiﬁg Bas Z:E('g
SiO2 57.77 61.54 62.05 56.97 60.17 59.22 46.89 47.24 53.99 47.01 47.10 46.96 71.25 46.92
Al203 16.57 16.48 15.52 17.12 17.10 16.57 15.55 15.99 16.42 16.77 16.71 16.64 13.94 17.81
Fe203 5.33 4.98 5.42 6.40 5.72 3.53 9.59 10.19 753 8.77 8.84 8.90 1.04 10.48
MgO 3.01 211 242 3.33 253 142 8.64 8.17 521 6.76 6.93 7.05 0.12 5.92
CaO 6.47 4.80 5.04 6.35 5.69 5.58 10.07 10.03 7.63 8.77 8.78 9.18 0.38 9.02
Na2O 4.30 4.69 3.65 4.23 4.56 490 3.34 294 3.88 4.59 4.34 441 2.15 3.22
K20 1.48 1.94 1.59 1.49 1.06 1.72 0.71 1.01 0.97 0.65 0.66 0.62 8.57 1.25
TiO2 0.70 0.54 0.63 0.76 0.64 0.70 1.07 0.84 0.79 118 1.18 117 0.22 0.87
P20s 0.27 0.28 0.28 0.35 0.27 0.29 0.23 0.21 0.25 0.28 0.28 0.27 0.04 0.24
MnO 0.11 0.13 0.10 0.17 0.12 0.08 0.19 0.18 0.16 0.24 0.22 0.19 0.01 0.25
L.O.L 273 2.35 3.10 1.70 1.90 3.65 3.38 2.83 2.89 4.67 4.67 4.27 0.9 3.2
Ag 12 0.1 0.1 0.1 0.1 23 0.1 0.1 0.1 0.2 0.1 0.1 55 0.08
As 313 0.7 1.0 4.8 05 58.4 13 0.4 11 1.7 3.7 14 234 72
Au 15 0.9 0.8 15 1.2 13 16 3.1 16 1.6 15 15 04 35
Ba 760 418 316 352 377 1245 129 150 268 156 133 123 915 412
Be 0.9 14 2.0 0.8 1.0 1.0 14 0.8 0.9 0.8 1.0 1.0 3 1
Bi 0.1 0.1 0.1 0.1 0.1 0.2 0.1 0.1 0.1 0.2 0.1 0.2 0.08 0.08
Cd 10.9 0.1 0.1 0.1 0.1 217 0.1 0.1 0.1 0.1 0.1 0.1 03 0.08
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Co 245 10.6 13.6 16.0 15.1 26.3 371 38.7 25.0 323 32.0 325 26 35.4
Cs 19 33 5.6 1.7 18 19 219 1.2 6.8 45.8 35.9 33.0 3.8 3.7
Cu 3371 40 82 57 49 6674 121 205 98 170 131 148 1472 157
Ga 148 153 13.8 154 149 13.8 131 141 14.0 139 143 146 124 16.7
Hf 3.2 3.7 3.6 35 3.7 35 20 15 2.7 24 2.3 23 3.7 1.6
Mo 14 11 0.8 1.0 1.0 20 0.6 0.8 0.9 05 0.7 0.5 1.2 0.7
Nb 4.4 95 9.0 11.0 5.0 4.3 6.8 4.3 5.9 6.3 5.8 45 4 6
Ni 26.0 195 175 27.0 15.0 15.0 99.5 87.0 49.6 68.7 67.7 717 15 36
Pb 3315 12.9 30.5 6.4 4.0 659.8 5.0 3.8 54 16.7 8.1 6.9 105 18.3
Rb 55.6 70.4 48.2 48.4 36.6 44.5 133 212 34.0 104 10.1 10.0 223 21
Sh 0.7 0.2 0.2 0.1 0.1 13 0.1 0.1 0.1 0.1 0.1 0.1 0.3 0.08
Sc 15.0 8.5 10.0 12.0 11.0 12.0 325 320 20.3 29.8 29.8 29.3 2 25
Se 04 04 0.4 0.3 0.4 0.4 04 04 0.4 0.7 0.4 0.4 04 04
Sn 0.8 0.9 0.8 1.0 0.8 0.8 0.8 0.8 0.9 0.8 0.9 0.8 0.75 0.75
Sr 643 547 602 619 587 700 499 474 574 493 472 573 245 570
Ta 0.3 05 0.4 04 04 0.4 0.2 0.2 0.3 0.3 0.3 04 0.7 0.08
Th 3.8 6.0 41 4.1 5.0 4.2 1.0 13 33 0.8 0.8 0.8 15 14
U 1.2 17 13 1.2 15 13 0.3 0.4 1.0 0.3 0.2 0.2 34 0.5
Vv 156 86 120 135 125 141 239 285 181 214 212 211 18 291
w 05 0.4 0.4 0.4 0.4 0.7 0.6 05 0.5 0.4 0.4 0.4 0.7 04
Zn 218 41.0 38.5 31.0 21.0 185 55.3 61.3 38.3 53.8 54.3 52.8 22 97
zr 132 165 147 154 159 146 81 75 123 108 110 107 154 75
Y 17.0 185 16.5 19.0 17.0 17.0 16.5 16.3 16.8 18.8 18.8 18.3 9 17
La 19.90 25.55 21.05 22.40 23.70 21.40 9.18 9.13 17.00 11.22 10.77 10.82 26.7 124
Ce 38.53 47.25 40.60 43.50 43.90 41.55 20.80 20.37 34.28 25.23 24.53 24.53 475 245
Pr 452 5.39 4.79 4.87 5.10 4.89 281 2.70 3.98 3.32 3.30 3.29 4.67 3.58
Nd 18.05 20.70 19.15 21.10 20.50 19.65 13.10 12.70 16.91 15.33 15.18 15.58 18 143
Sm 3.71 4.01 3.53 3.83 3.59 3.71 3.18 2.94 347 3.47 3.60 3.53 26 3.35
Eu 1.26 1.10 1.05 1.13 1.01 141 1.13 1.04 1.10 1.19 1.24 1.27 0.55 14
Gd 3.59 3.58 3.50 3.69 3.55 3.63 3.48 331 3.44 3.88 3.89 391 1.92 3.74
Tb 0.53 0.55 0.50 0.52 0.52 0.54 0.54 0.51 0.52 0.59 0.60 0.59 0.27 0.54
Dy 311 3.05 294 3.29 297 3.13 3.37 2.98 3.12 3.55 3.59 3.46 1.67 345
Ho 0.64 0.69 0.62 0.65 0.61 0.63 0.67 0.59 0.65 0.75 0.74 0.74 0.32 0.77
Er 1.99 1.93 1.89 231 1.84 1.95 1.90 1.75 1.86 2.27 2.33 2.23 1.3 2.35
Tm 0.29 0.31 0.28 0.27 0.25 0.28 0.26 0.25 0.26 0.31 0.32 0.31 0.26 0.32
Yb 1.90 2.15 1.76 1.92 1.94 201 1.73 155 1.78 1.85 1.86 1.79 1.26 1.85
Lu 0.30 0.33 0.30 0.28 0.30 0.32 0.26 0.25 0.27 0.29 0.30 0.29 0.24 0.32
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Fig. 10: Location of volcanic rocks and dykes of Kahovan area on different petrology diagrams. A: Na,0O + K0
vs. SiO2 (Middlemost, 1994); B: Nb/Y vs. Zr/Ti plot (Pearce, 1996); P: K,O vs. SiO, (Peccerillo and Taylor,
1976); T: Thvs. Co plot (Hastie et al, 2007); C: Triangular diagram of FeO-MgO-Al,O3 (Pearce et al, 1977); J:

Triangular diagram of Th-Hf-Nb (Wood, 1980).
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Fig. 11: Spider diagrams of element contents in volcanic rocks and dikes samples from the Kahovan which
normalized to the primitive mantle composition (McDonough and Sun, 1995). A: Minor and trace elements; B:

Rare earth elements
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Table 3: Major oxides (wt. %), minor, trace, and rare earth elements (ppm) contents of 4 copper-bearing ore

samples in the Kahovan area, south of Shahrood

Sample (UTM))( (UTM\; Si02  Al0s Fe203 MgO CaO Na:O K20 TiO2 P20s MnO Ag As Au Ba Be
O-gf(-)l 311614 3905285 7157 11.07 0.68 0.05 1.33 2.46 4.69 0.19 0.01 0.01 267.0 134 0.015 5904 0.9
01(-3'?(-)2 313590 3908134  68.45 12.08 6.10 1.15 2.72 3.13 2.56 0.65 0.40 0.05 45 26 0.002 319 15
O-gfl-B 311412 3909373 57.98 16.97 1.50 0.29 5.65 5.12 2.27 0.72 0.30 0.04 4.7 115 0.002 2125 0.9
02564 313868 3909998  71.87 14.26 1.10 0.15 0.47 240 834 0.25 0.06 0.01 5.7 21 0.001 955 1.0
Sample (UTM))( (UTM\)( Bi Cd Co Cr Cs Cu Ga Hf In Li Mo Nb Ni Pb Rb
O-I(-Blf(-Jl 311614 3905285 03 183 9.2 7 1.2 27390 14.2 35 0.38 10 18 8.4 11 21 144
O.gfl-JZ 313590 3908134 0.1 0.9 16.4 57 17 22895 125 4.0 0.40 24 24 115 40 17 53

Tk 311412 3909373 0.3 41.7 37.0 25 2.0 13300 12.8 3.2 0.35 12 3.0 4.4 10 1298 56

0G-03
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OT(;’fEJ , 313868 3909998 01 03 25 68 38 1712 124 35 050 23 15 43 2 11 44
X Y
Sample (UTM) (UT™) S Sh Sc Se Sn Sr Ta Te Th T U \Y% w Y Zn
OT(;’fEM 311614 3905285 5783 29 20 041 01 1703 08 038 100 93 25 13 11 95 226
oTclft_)z 313500 3008134 875 04 116 036 10 358 06 039 38 05 10 139 08 176 42
oo, 311412 3909373 6375 28 140 035 08 85 03 036 38 07 12 156 02 170 17
ogfé , 313868 3909998 953 05 30 038 08 265 05 037 120 06 35 16 07 100 21
X Y
Sample (UTM) (UT™) Zr La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er m Yb Lu
OTGIf(-)I 311614 3005285 102 1500 4000 362 1560 1690 916 250 040 200 058 160 070 048  2.90
ng(']z 313500 3908134 145 2500 5800 664 2820 740 269 356 070 380 045 240 060 187 180
02563 311412 3909373 132 1910 3920 467 1880 383 180 371 056 328 065 206 031 207 033
ng('] , 313868 3909998 150 2740 4640 474 1600 240 052 185 029 166 035 120 020 137 022
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Table 4: The comparison of element concentration in the Kahovan ore samples with their crustal abundance and
minimum ore grades (Rudnick and Gao, 2003).
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Cu 60 2000 1712 - 27400

Au 0.005 1 0.0004 - 0.015

Ag 0.075 20 4.5 - 267

Zn 70 50000 17 - 226

Pb 14 30000 11 - 1300

Mo 1 20 15-3
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Fig. 12: Average of trace and rare earth elements in volcanic rock and ore samples from the Kahovan area which

normalized to the reference samples. A: Spider diagram of trace elements normalized to the primitive mantle
composition (McDonough and Sun, 1995); B: Spider diagram of rare earth elements normalized to the chondrite

composition (Boynton 1984).
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Table 5: The value of sulfur isotopic ratio in copper sulfide minerals for some manto-type copper deposits with

Eocene volcanic host rocks in Iran.
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Fig. 13: Comparison of sulfur isotopic ratios content in chalcocite from the Kahovan copper deposit with some
manto-type copper deposits in Iran (Abulipour, 2013; Salehi et al, 2016; Maghfouri et al, 2017; Fazli et al, 2021)

and Chile (Wilson et al, 2003).
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Table 6: Comparison of some important characteristics of the Kahovan copper deposit with the volcanic rock-

hosted copper deposits
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Fig. 14: Genesis of the Kahovan copper deposit. A: Volcanic- sedimentary activities led to the deposition of
sediments, pyroclastic materials, and andesitic to basaltic lava flows in the intra-arc extensional basin during the
Middle-Late Eocene; B: Increasing thickness of volcanic, pyroclastic, and sedimentary sequences, volcanic
activities, basin subsidence, and igneous intrusions led to increased pressure and temperature and the onset of
burial diagenesis. This process, by dewatering of ore-bearing units, causes copper to enter the basinal brines.

Copper-bearing fluids move towards permeable areas and due to contact with primary pyrites, primary copper
ores are formed in the vein-veinlets, breccia, cavities- and amygdaloidal-filling forms.

hals e sl jl bbb § wlias> Sady, S oS A
5 S og 4) (kngn Jeld o gle o il o QlgalS osguze )3 A4S aas oo (LA g (nl s
S 5 e (P ‘csl‘))T (o cs’ﬁ""‘"‘ 9 Mu;" axlg ;0 ol Sas Ojg0 4w s.’.‘}‘*-;ls
2l Bl paie 0)d g Lol yaie e alies b ozt b cojusl oS 5 b olaassT slacw
sl anld (b el 53k alye gl glacy e S 5 lagl JSa5 5 oSls 5 glaaas]
slS JLaslS sl 0 sl by o Elidges b Sy Syl CaglSm il 9,8 dilaie b as po oS gy oS
S b g5l £93 o Sl L) bl 2l s gSIS Jals i g sl o0l JLdlS lis SIS

s b cpnTh sl liee L slan S, IS8 o VS5 5 5 SVl



VY dehnde 5 e

VWF1FE Slomio VFe 0 LY ojlad coodd 0,58 «yen; IS sltmgiy

Sogh onl el lp ) (el dame g s oS 59,0l
"\"“Su‘" 6)‘}1.qu.0 ‘..\.S‘«w; oolel

References

Abulipour, M., 2013. Geology, mineralogy,
geochemistry and genesis of strataboud copper
mineralization in Eocene volcanic-sedimentary
rocks at the Kashkouiye area, west of Rafsanjan.
MSc. Thesis, Faculty of Science, Tarbiat
Modares University, 175 p (In Persian).

Alavi, M., Houshmandzadeh, A., Etminan, H. and
Hagipour, A., 1978. Geological quadrangle map
of Torud, Series 1:250,000, No. H5, Geological
Organization of Iran, Tehran.

Asadollahnejad, A., 2018. Geology, mineralogy,
geochemistry and origin of the Qoleh-Chili
copper deposit, south of Damghan. MSc. thesis,
Faculty of Earth Sciences, Shahrood University
of Technology, 185 p (In Persian).

Boric, R., Holmgren, C., Wilson, N.S.F. and
Zentilli, M., 2002. The geology of the El-
Soldado manto-type Cu (Ag) deposit, central
Chile. In Porter T.M., (ed.), Hydrothermal Iron
Oxide Copper Gold and related deposits: A
global perspective, v. 2, PGC Publishing,
Adelide, Australia, p. 185-205.

Brown, A.C., 1971. Zoning in the White Pine copper
deposit, Ontonagon  County, Michigan:
Economic Geology, v. 66(4), p. 543-573.

Boynton, W.V., 1984. Geochemistry of rare earth
elements: meteorite studies. In: Henderson, P.
(Ed.), rare earth element geochemistry: Elsevier,
New York, p. 63-114.

Cabral, A.R. and Beaudoin, G., 2007. Volcanic red-
bed copper mineralization related to submarine
basalt alteration, Mont Alexandre, Quebec
Appalachians, Canada: Mineralium Deposita, v.
42(8), p. 901-912.

Carrillo-Rosua, J., Boyce, AJ., Morales, S. and
Morata, D., 2014. Extremely negative and
inhomogeneous sulfur isotope signatures in
Cretaceous Chilean Manto-type Cu—(Ag)
deposits, Coastal Range of central Chile: Ore
Geology Reviews, v. 56, p. 13-24.

Cisternas, M.E. and Hermosilla, J., 2006. The role
of bitumen in strata-bound copper deposit
formation in the Copiap6 area, northern Chile:
Mineralium Deposita, v. 41, p. 339-355.

Cornwall, H.R., 1956. A summary of ideas on the
origin of native copper deposits: Economic
Geology, v. 51(7), p. 615-631.

Eshraghi, S.A. and Jalali, A., 2006. Geological
quadrangle map of Moalleman, Series
1:100,000, No. 6960, Geological Organization
of Iran, Tehran.

Eskandari, M., Sheibi, M., Mousivand, F. and
Lehmann, B., 2025. Dogan copper deposit (south
of Shahroud): copper-molybdenum porphyry

&l Sl
o oSLily e pole caSisly )l Alae B,

mineralization in the Toroud-Chah Shirin
magmatic arc. Journal of Economic Geology, v.
17(1), p. 105-128 (In Persian).

Fard, M., Rastad, E. and Ghaderi, M., 2006.
Epithermal gold and base metal mineralization at
Gandy deposit, north of Central Iran and the role
of rhyolitic intrusions: Journal of Sciences,
Islamic Republic of Iran, v. 17(4), p. 327-335.

Fazli, N., Ghaderi, M., Movahednia, M. and
Maghfouri, S., 2021. Manto-type copper
mineralization in the middle part of the
Urumieh-Dokhtar magmatic arc (Qom-Saveh
area) with an emphasis on the eastern Narbaghi
deposit, northeast of Saveh. Iranian journal of
Geology, v. 59, p. 69-90 (In Persian).

Ghorbani, M., 2008. The economic geology of Iran:
Mineral deposits and ore indications. First
Edition, Arian Zamin Publisher, Tehran, 674 p
(In Persian).

Geological Survey of Iran, 1995. Systematic
geochemical  exploration in  Moalleman
1:100,000 sheet (6960), Report, v. 9, 33 p.

Ghorbani, G. and Santos, J.F., 2025. Magmatic
evolution and mineralization of the Eocene back-
arc magmatic rocks from NE Iran. Journal of
Asian Earth Sciences, v. 14, 100212.

Ghosipoor, M., Alipour-Asll, M. and Sadeghian, M.,
2024. Geology, mineralogy, geochemistry, and
genesis of Garmab sodium sulfate deposit, East
of Semnan. Scientific Quarterly Journal of
Geosciences, v. 34 (4), p. 1-22 (In Persian).

Guilbert, J.M. and Park, C.F., 1986. The geology of
ore deposits: Waveland Press, Illinois, USA, 985

p.

Haghighi, E., Alirezaei, S. and Ashrafpour, E., 2013.
Mineralization, alteration and ore fluid
characteristics in Cheshmeh Hafez base and
precious metals deposit, Torud-Chahshirin
Range, North-Central Iran. Scientific
Quarterly Journal of Geosciences, v. 22(88), p.
99-110 (In Persian).

Hastie, A.R., Kerr, A.C., Pearce, J.A. and Mitchell,
S.F., 2007. Classification of altered volcanic
island arc rocks using immobile trace elements:
development of the Th-Co discrimination
diagram: Journal of Petrology, v. 48(12), p.
2341-2357.

Hoefs, J., 2009. Stable isotope geochemistry: 6" Ed.,
Berlin, Springer-Verlag, 293 p.

Imam Juma, A., 2006. Geology, mineralogy,
geochemistry and genesis of Chah Musa and
Qoleh Kaftran deposits, northwest of Torud,
Semnan province, MSc. thesis, Tarbiat Modares
University, 192 p (in Persian).

Jiba, Z., Ghaderi, M. and Maghfouri, S., 2021.


https://econg.um.ac.ir/article_46439_33e1cd30dee31829563f9ea065b75de1.pdf?lang=en
https://econg.um.ac.ir/article_46439_33e1cd30dee31829563f9ea065b75de1.pdf?lang=en
https://econg.um.ac.ir/article_46439_33e1cd30dee31829563f9ea065b75de1.pdf?lang=en
https://econg.um.ac.ir/article_46439_33e1cd30dee31829563f9ea065b75de1.pdf?lang=en

VOV 1 del e 5 6 he

Ol9alS gile g3 (0,8) (o Ll 8,555 slagignl (condssy g 2HalS (ool iys)

Geology, mineralogy and fluid inclusion studies
of the Yamaghan Manto-type Cu (Ag) deposit,
southeast Zanjan, NW Iran. Advanced Applied
Geology, v. 11, p. 594-615 (In Persian).

Kirkham, R.V., 1996. Volcanic red bed copper. In:
Eckstrand, O.R., Sinclair, W.D., Thorpe, R.I.
(Eds.), Geology of Canadian mineral deposit
types: Geological Survey of Canada, Geology of
Canada, v. 8, p. 241-252.

Konari, M., Rastad, E., Kojima, S. and Rashidnejad
Omran, N., 2013. Volcanic red bed-type copper
mineralization in the lower Cretaceous volcano-
sedimentary sequence of the Keshtmahaki
deposit, southern Sanandaj-Sirjan zone, Iran:
Neues Jahrbuch Far Mineralogie-
Abhandlungen, v. 190(2), p. 107-121.

Maghfouri, S., Hosseinzadeh, M.R., Moayyed, M.,
Movahednia, M. and Choulet, F., 2017.
Geology, mineralization and sulfur isotopes
geochemistry of the Mari Cu (Ag) Manto-type
deposit, northern Zanjan, Iran: Ore Geology
Reviews, v. 81, p. 10-22.

McDonough, W.F. and Sun, S.S., 1995.
Composition of the earth: Chemical Geology, v.
120, p. 223-253.

Mehrabi, B. and Ghasemi Siani, M., 2012.
Intermediate sulfidation epithermal Pb-Zn-Cu
(xAg-Au) mineralization at Cheshmeh Hafez
deposit: Journal Geological Society of India, v.
80, p. 563-578.

Middlemost, E.A.K., 1994. Naming materials in the
magma and igneous rock system: Science
Reviews, v. 37, p. 215-224.

Momenipour, S., Rajabi, A. and Rezaei, S., 2022.
Metallogeny of Manto-type Copper Deposits of
Iran: A Possible Link to the Evaporitic basins.
EGU22, the 24th EGU General Assembly, held
23-27 May, 2022 in Vienna, Austria and Online.
Online at https://equ22.eu/,id. EGU22-1555.

Nahidifar, A., 2014. Mineralogy, geochemistry and
genesis of the Dian copper deposit, south of
Torud, Semnan Province. MSc, thesis, Faculty of
Earth Sciences, Shahrood University of
Technology, 194 p (In Persian).

Niroomand, S., Hassanzadeh, J., Tajeddin, H.A. and
Asadi, S., 2018. Hydrothermal evolution and
isotope studies of the Baghu intrusion-related
gold deposit, Semnan province, north central
Iran: Ore Geology Reviews, v. 95, p. 1028-1048.

Pearce, J.A., 1996. A user’s guide to basalt
discrimination diagrams. In; Wyman, D.A.
(Ed.), Trace Element Geochemistry of VVolcanic
Rocks: applications for massive sulphide
exploration: Geological Association of Canada,
Short Course Notes, v. 12, p. 79-113.

Pearce, J.A.,, Cann, J.R. and Tindle, A.G., 1977.
Tectonic setting of basic volcanic rocks
determined using trace element analyses: Earth
and Planetary Science Letters, v. 35, p. 121-138.

Peccerillo, A. and Taylor, S.R., 1976. Geochemistry

of eocene calc-alkaline volcanic rocks from the
Kastamonu area, northern Turkey: Contributions
to Mineralogy and Petrology, v. 58, p. 63-81.

Pourshaban, A., Khakzad, A. and Ebrahimi
Meymand, A., 2010. Mineralography and
lithogeochemical studies in the Kalateh Mehran
vein copper deposit, Semnan. Journal of Earth
and Resources, v. 3, p. 25-30 (In Persian).

Ramirez, L., Palacios, C. and Aguirre, L., 2006. The
Mantos Blancos copper deposit: an upper
Jurassic breccia-style orebody: Mineralium
Deposita, v. 41(1), p. 99-105.

Saba Tamin Parsian Company, 2014. The final
report of detailed exploration in the Kahovan
copper deposit, license number 35281.

Safari-Sarkale, S., Yazdi, M., Farahani-Kangarani,
F. and Zare-Shooli, M., 2022. Mineralogy,
geochemistry and fluid inclusions in Ghorban
polymetal deposit, SE of Damghan, Central Iran.
Iranian  Journal of Crystallography and
Mineralogy, v. 3(87), p. 381-396 (In Persian).

Salehi, L., Rasa, I., Alirezaei, S. and Kazemi
Mehrnia, A., 2016. The Madan Bozorg,
volcanic-hosted copper deposit, East Shahroud;
an example of Manto-type copper deposits in
Iran.  Scientific  Quarterly  Journal  of
Geosciences, v. 25, p. 93-104 (In Persian).

Shamanian, G.H., Hedequist, J.W., Hottori, K.H.
and Hassanzadeh, J., 2004. The Gandy and
Abolhassani epithermal prospects in the Alborz
magmatic arc, Semnan province, Northern Iran:
Economic Geology, v. 99, p. 691-712.

Sheykhi, A., Karimpour, M.H., Sepahi, A.A. and
Rahimi, B., 2025. Metallogeny of Manto-type
copper deposits in the northwest and west of
Bardaskan, Razavi Khorasan with a special view
in Nasim, Mes-e-Sorkh and Zarmehr mines.
Journal of Economic Geology, v. 17(1), p. 53-80
(In Persian).

Sillitoe, R.H., 1977. Metallic mineralization
affiliated to subaerial volcanism: a review. In:
Floyd, P.A. (Ed.), volcanic processes in ore
genesis:  Special Publications, Geological
Society of London, Academic Press, London, v.
7, p. 29-57.

Sillitoe, R.H., 2010. Porphyry copper systems:
Economic Geology, v. 105(1), p. 3-41.

Taleh Masouleh, S., Ghorbani, M. and Hakimi
Asiabar, S., 2010. Economic geology study of
Chah Qoleh copper deposit, Northwest of Torud,
Semnan. Journal of Earth and Resources, v. 3, p.
39-50 (In Persian).

Walker, T.R., Waugh, B. and Crone, A., 1978.
Diagenesis in first cycle desert alluvium of
Cenozoic age, south-wstern United State and
northeastern Mexico: Geological Society of
American Bulletian, v. 89, p. 19-32.

Wilson, N.S.F., Zentilli, M. and Spiro, B., 2003. A
sulfur, carbon, oxygen, and strontium isotope
study of the volcanic-hosted El Soldado Manto-


https://egu22.eu/

VEY ] deln e 5 60 IWP-VEF Slomio A Fe 0 Y o)led (oddid 0,90 o opan Ll sletidg

type copper deposit, Chile: The essential role of Yarafshar, B., 2023. Geology, geochemistry and
bacteria and petroleum: Economic Geology, v. origin of the Taban copper deposit (Torud, south
98(1), p. 163-174. of Shahrood). MSc. thesis, Faculty of Earth
Wood, D.A., 1980. The application of a Th-Hf-Ta Sciences, Shahrood University of Technology,
diagram to problems of tectonomagmatic 174 p (In Persian).
classification and to establishing the nature of Zamin Kavan Zaman Company, 2013. Report on the
crustal contamination of basaltic lavas of the progress of exploration operations in the
British Tertiary volcanic province: Earth and Kahovan prospected area, license number

Planetary Science Letters, v. 50(1), p. 11-30. 54171.



