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Fig. 1. Structural- sedimentary zones of Iran (Shahabpour, 1994) and location of the Kahang porphyry copper deposit
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Fig. 2. Geological map of the Kahang deposit (Central and eastern areas), (Asadi, 2007)
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Fig. 3. A: Phyllic, argillic and propyllitic alteration zones in western section of the Kahang deposit (View to the South

west), B: silica- iron oxide veins and veinlets in sericitized dacitic rocks of the Kahang deposit and C: Traces of jarosite
as vein and massive on the surface of rocks of the Kahang deposite
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Fig. 4. Alteraion and mineralization map of the Kahang deposit (central and Eastern section), (Asadi. 2007)
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Fig. 5. A: Plagioclase Phenocryst that is sericitized from center (XPL), B: Secondary chlorites, sericite, epidote as a
result of ferromagnesian minerals alteration in phyllic zone of the Kahang deposit (XPL) and C: Tourmaline as radial
intersecting aggregates within pseudomorph plagioclase in phyllic- intermediate argillic alteration zone of the Kahang
deposit (XPL). (Ser: sericite, Chl: chlorite, Qtz: quartz, Ep: epidote, Jrs: jarosite, Tur: tourmaline, Pl: plagioclase)

(Kertz, 1983)
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Fig. 6. A: Secondary calcite in the propyllitic rock of the Kahang deposit (XPL), B: An inclusion of epidote within
plagioclase (as a result of plagioclase alteration), (XPL), C: Chlorite, titanite, opaque minerals + sericite (produced from
ferromagnesian minerals alteration in propyllitic zone of the Kahang deposit), (XPL), D: Vesicular texture, which filled
with quartz, chlorite and calcite in propyllitic andesitic basalt of the Kahang deposit (XPL) and E: Hydrothermal breccia

in the Kahang deposit, (Chl = chlorite, Ep = epidote, Pl = plagioclase, Qtz = quartz, Ser = sericite, Ttn = titanite) (Kertz,
1983)
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Fig. 7. Main textures of sulfide minerals in the Kahang deposit: A: Disseminated texture of pyrites (RPPL), B: Vein and
veinlet texture wich filled by pyrite (RPPL), C: Sulfide minerals (pyrite) formed along micro-joints in silicate minerals
(RPPL), D: Atoll texture and gulf Corrosion in pyrite (RPPL) and E: Conversion of pyrite to chalcopyrite from margin
in secondary enrichment (supergene) zone of the Kahang deposit (RPPL), (Py = pyrite, Cpy = chalcopyrite) (Kertz,

1983)
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Fig. 8. A: Magnetite (RPPL), B: Martitization of magnetite (RPPL) and C: Cataclastic texture in magnetite and
conversion of magnetite to triangular shape pieces (RPPL), (Mgt = magnetite, Hem = hematite, Cv = covellite) (Kertz,

1983)
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Fig. 9. A: Zonation of goethite (RPPL) and B: Weathering of chalcopyrite to goethite (RPPL), (Gt = goethite, Cpy =

chalcopyrite) (Kertz, 1983)
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Fig. 10. Replacement of chalcopyrite (Cpy) by chalcocite (Cc) in secondary enrichment zone (supergene zone) of the
Kahang deposit (RPPL) (shorthand names of minerals by Kertz, 1983)
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Table 1. Paragenetic seuences of ore minerals in the Kahang mineralization area

Formation stage

Minerals

Hypogene

Supergene

(enriched zone) Oxidation Zone

Chalcopyrite

Pyrite

Bornite

Magnetite

Chalcocite

Covellite

Hematite

Goethite

Jarosite

Malachite

Azorite

Secondary Biotite

Sericite

Epidote

—_—
—_—
Chlorite —_—
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Fig. 11. Photomicrograph of fluid inclusions with variable shape and size in quartz veins of the Kahang deposit, A:
Fluid inclusion with quartz Negative shape, B: Spherical fluid inclusion (solid multiphase) and C: Fusiform fluid

inclusion (solid multiphase)
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Fig. 12. A: Photomicrograph of Undeveloped Necking down and B: Star shape fluid inclusion occurred by natural
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Fig. 13. Classification of fluid inclusions of Kahang deposit quartz veins based on observed phases, A: Two-phase
vapour rich (size 30 micron), B: Two-phase liquid rich (besides two-phase vapour rich), C: Multi-solid fluid inclusion
containing halite and opaque, D: Multi-solid fluid inclusion containing a circular crystal of sylvite and a cobic shape of
opaque (probably pyrite) and E: Multi-solid fluid inclusion containing halite, sylvite and opaque, (L = liquid, V =

vapour, H = halite, Syl = sylvite, Py = pyrite, Opq = opaque)
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Table 2. Microthermometric data of Kahang deposit fluid inclusions, (T, ice = ice melting temperature, T halite =
halite solution temperature, T sylvite = sylvite solution temperature, T}, = homogenization temperature, LV = two-
phase liquid rich, VL = two-phase vapour rich, LVH = three-phase fluid including halite, LVS = three-phase fluid
including sylvite, LVHS = multi-solid fluid inclusion (halite and sylvite = opaque), (Numbers in Parenthesis: number of
fluid inclusions that heating and freezing method are down on them)

Salinity
Type Tuice(°C) THalite(°C) TSylvite (°C) T,L-V(°C) wt/.NaClequiv.
Based onT,, Based onT,
LVHS 327 110 297 40
VL -1 1.5
LVS 0-2 124 276
LVH 331 314 40.5
VL -1(5) 1.5
LVH 313 227.6 39
LV 389 ()
LV 396 (3)
LV 239.6 (2)
LVHS -21.5 375 23.5-24
LVH -29.3(6) 332 211 >26 40.5
LV 211 (7)
LV 550 (4)
LV 284
LV 288
LV 312.5(2)
LV 343 (2)
LV -16 (4) 387 (3) 19.5
LVH 323 39.5
LV -0.5 1
LVH 372 44
LV 441 (2)
LV 333
LV -0.7 420 (5) 1.2-1.5
LVHS 406 (8) 322 (8) 47
LVS -25(2) 132 296 >26
LV 296 (7)
LV -26.5 241 >26
LV -19.7 275 (2) 22
VL -0.5 1

LVHAS  -15 321 (2) 241 (2) 23 39.5
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Fig. 14. Abundance diagram of homogenization temperature of fluid inclusions in Kahang deposit quartz veins
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Fig. 16. Summary homogenization temperature—salinity diagram illustrating typical ranges for inclusions from different
deposit types and situation of studied fluid inclusions from Kahang deposit
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Table 3. Isotopic analysis results of the Kahang deposit samples associated with results after correction

Sample  wt% H,0 8D 8O sample 0O warer D water
K., dark 0.5 -108.5  10.108 4218  -108.5
K., light 0.3 -87.8  10.108 4218  -87.8

Ks, 0.1 -101.7  9.115 3225 -101.7
K. dark 0.1 -62.0  9.391 3.501 -62.0
Ks.; light 0.2 718 9.391 3.501 -71.8

Ksy 0.4 1155 8.796 2.906  -115.5

KE-5 1.3 753 3.793 3.973  -43.08
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Table 4. Comparison between Studied deposit and Sar-Cheshmeh (Shahabpour, 2000; Hezarkhani, 2006) and Songon
(Calagari, 2003; Calagari, 2004; Asghari and Hezarkhani, 2010) deposits (within the Urumieh-Dokhtar magmatic belt)

Kahang Sar-Cheshmeh Sungun
Rock Diorite/Q-diorite/Tonalite ~ Q-monzonite/Granodiorite Monzonite/Q-
ocks monzonite/Diorite/Granodiorite
Magmatic series Calk-alkaline Calk-alkaline Calk-alkaline
Tectonic setting Continental margine arc Continental margine arc Continental margine arc
Deposit type Porphyry Cu-Mo Porphyry Cu-Mo Porphyry Cu
. Phyllic-Argillic- Potassic-Phyllic-Argillic- Potassic-Phyllic-Argillic-
Alteration zones Propyllitic + Potassic Propyllitic Propyllitic
Mineralization type Disseminated Disseminated-Stockwork Disseminated-Stockwork
Quartz vein and veinlets Relatively abundant Abundant Abundant
Al.teratlf)n t.y pein Phyllic Potassic-Phyllic Potassic-Phyllic
mineralization zone
Associated magnetite Normal Plentiful Plentiful
Rare (On average, less than  Rare (On average, less than 0.1
Associated gold - 0.1 ppm) ppm)
Supergene zone Low to moderate Plentiful (about 30-40m) Plentiful (about 30m)

The origin of ore fluids

The fluids are obtained
from the stock which is
crystallized.
Meteoric water enters to
the margin of the
hydrothermal system.

The fluids are obtained
from the stock which is
crystallized.
Meteoric water enters to
the margin of the
hydrothermal system.

The fluids are obtained from
the stock which is crystallized.
Meteoric water enters to the
margin of the hydrothermal
system.

Percent of magmatic
component

The most component in
hydrothermal system have
the magmatic source

The most component in
hydrothermal system have
the magmatic source

The most component in
hydrothermal system have the
magmatic source

Salinity content of fluids

More than 15% NaCl —
sometimes up to 47%

More than 15% NaCl -
sometimes up to 70%

More than 15% NaCl -
sometimes up to 70%

Fluids temperature

200-550 °c

400-600 °c

>400 °c
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Introduction

The Kahang Cu- Mo deposit is situated
approximately 73 Km northeast of Isfahan. Asadi
(2007) identified a geological reserve of 40 Mt
(proven reserve) grading at 0.53 Cu, 0.02 Mo and
estimated reserve of 120 Mt. All the rock types in
the region have been subjected to hydrothermal
solutions which gave rise to three different
alteration facies. The dacite and rhyodacite
volcanic rocks and granitic- granodioritic stocks
have experienced phyllic alteration. Disseminated
and stockwork siliceous veins are the major styles
of mineralization in this zone. Intermediate
argillitic alteration developed on a part of dacitic
and rhyodacitic rocks whereas andesite and
basaltic-andesite plus related pyroclastic rocks
have been subjected to propyllitic alteration. This
paper presents the results of geological and
mineralogical studies carried out in the Kahang
area. This preliminary information is integrated
with additional data on ore mineralogy, fluid
inclusions and stable isotopes in view of
understanding the genesis of the Cu- Mo deposit
and the nature of the fluids involved in ore
formation.

Materials and Methods

A total of 18 polished thin sections were prepared
at the University of Isfahan for optical study.
Fluid inclusions study was carried out on 8 double
polished quartz thin sections (stockworks
containing ore mineralization from phyllic zone).

H — O stable isotope analysis was performed on 4
quartz samples from siliceous stockworks (from
phyllic altered zone) and one vein epidote sample
(from propyllitic zone). All isotopic analyses were
performed at the University of Oregan, Oregan,
USA.

Discussion

In the investigated mineralization area, the
hypogene zone is characterized by the presence of
pyrite, chalcopyrite, bornite and magnetite.
Hematite, goethite, jarosite, malachite and azurite
are the predominant minerals of supergene zone.
The major textures of the primary sulfides are
disseminated, vein and veinlet. Pyrite is the most
common  hypogene sulfide mineral and
chalcopyrite is the predominant Cu- sulfide in the
Kahang mineralized area. Primary magnetite
grains having irregular boundaries formed in
association with phyllic —potassic altered zones
(Afshooni et al., 2014). Chalcocite and covellite
as secondary copper minerals in the enriched
supergene zone replaced the chalcopyrite.
Thermometric  studies on fluid inclusions
conducted on quartz veins was related to the
phyllic zone. Almost all studied fluid inclusions
were homogenized to the liquid phase.
Hydrothermal solutions with salinity over 26% wt
equivalent NaCl, comparable with those of the
other porphyry deposits (Morales Ruano et al.,
2002; Hezarkhani, 2006; Hezarkhani, 2009) were
responsible for the formation of the Kahang
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porphyry  copper  deposit.  Homogenization
temperatures of 200-450°C and 500-550°C were
obtained from heating- cooling experiments on
the two and multi phase fluid inclusions. The
presence of gas riched fluid inclusions together
with those of liquid riched and multiphase
different salinities in the quartz veins as well as
the occurrence of hydrothermal breccias are
indicative of boiling fluids.

Result

In the Kahang porphyry Cu- deposit, the oxidation
zone is characterized by hematite, goethite,
jarosite, malachite, and azurite; the supergene
zone is identified by chalcocite, chalcopyrite and
coevllite; and chalcopyrite, pyrite and magnetite
are the mineral assemblage of the hypogene zone.
The volcanic as well as the plutonic rocks of the
area have been hydrothermally altered which gave
rise to the formation of propyllitic, intermediate
argillic and mineralized phyllic zones. Fluid
inclusion study on quartz veins revealed salinity
over 26% wt equivalent NaCl and
homogenization temperature of 200-450°C and
500-550°C. The presence of gas riched fluid
inclusions together with those of liquid riched and
multiphase different salinities in the quartz veins
as well as the occurrence of hydrothermal breccias
are indicative of boiling event, owing to the
pressure reduction in the faulted zones and
mineralized hydrothermal breccias and/or increase
of hydrostatic pressure compared to the lithostatic
pressure. This may be caused by the instability of
the copper complex accompanied by precipitation
of copper. The decrease of temperature and the
diluted mineralized fluids could be the cause of
precipitation of copper due to mixing with the
meteoric water. Stable isotope study supports the

mixing of magmatic and meteoric waters in the
peripheral zones of ore deposit (phyllic and
propyllitic zones).
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