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Fig. 1. A: The general location of Zafarghand district in the central part of Urumieh-Dokhtar Magmatic Arc (UDMA),
and B:The portion of simplifiedgeologic maps of Ardestan and Shahrab with 1:100.000-scale.(Modified after Radfar,
1998 and Bahroudi, 2000).Location of Zafarghand copper district and distribution of mineral deposits and indexes
areshownon the map (please see text for more explanation of unites).
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Fig. 2. Simplified geologic map of Zafarghand district (Modified after ANJC, 2011). Location of copper mineralization

and rock geochemical samples are shown on the map.
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Table 1. Generalized paragenetic sequence for the Zafarghand district. Abbreviations | and Il are type-1 quartz and

type-2 quartz.
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Fig. 3. Field and microscopic photographs of Zafarghand district rocks, A: Outcrop of phyllic and propylitic alterations,
B: Magnetite, biotite and quartz veinlets in potassic alteration, C: Rounded phenocrysts of quartz and sanidine in
rhyolite wall rock. Sulfide veinlet cut quartz and biotite chloritization phenocrysts, D: Granular texture in diorite,
sulfide mineralization were seen in matrix of rock. Plagioclases altered to sericite and minor chlorite, E: Opaque
minerals occurred abundant as dissemination in diorite subvolcanic, F: Secondary biotite is seen as dissemination and
veinlet. It is cut by silica veinlet, G: Milky quartz veinlets is cut by older sulfide-silica veinlets (yellow color), H:
Malachite and Magnetite mineralization is associated with secondary Fe oxides, and I: Chalcopyrite (yellow) replaced
by covellite (blue) (Ser= Sericite, Pl= Plagioclase, Chl= chlorite,Qz= Quartz, Afs= Alkali feldspar, Bt= biotite, Sa=
Sanidine, Ccp=chalcopyrite. (Whitney and Evans, 2010)
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Table 2. The results of statistical parameters of 186 rock samples from Zafarghand district. Clarke value of Beus and

Grigorian (1977).

Element Concentration range Mean Median Std X+S X+2S X+3S Clarke CR
Minimum  Maximum ()] (ppm)

Ag (ppm) 0.21 3.95 0.31 0.31 0.06 0.37 0.43 0.49 0.07 44
Au (ppb) 1 865 8.83 5 7.97 16.80 2476 32.73 2.8 3.1
As (ppm) 6.6 300 8.04 7.8 0.76 8.8 957 10.33 2 4.0
Bi (ppm) 0.37 130.6 0.43 0.42 0.04 0.47 0.5 0.54 0.17 25
Cd (ppm) 0.28 17.94 0.42 0.32 0.04 0.46 0.49 0.53 0.17 24
Co (ppm) 1 62 3.81 3 291 6.72 9.64 1255 9 0.4
Cu (ppm) 1 50441 57.01 30.5 55.8 112.8 168.6 2244 40 14
Fe (%) 0.12 22.46 2.14 1.7 2.29 4.43 6.72 9.01 5.63 0.3
Mn 0.91 1986 286.6 88 38296 669.6 1052. 1435. 900 0.3
Mo (ppm) 0.83 123.6 3.66 1.17 3.92 7.58 115 1542 12 3.0
Ni (ppm) 3 185 3.6 3 0.76 4.36 511 5.87 50 0.0
Pb (ppm) 3 955 4.59 4 0.92 551 6.43 8257 12 0.3
S (ppm) 1.16 87417 919.8 494 787.46 1707. 2494. 3282. 400 2.3
Sb (ppm) 1.02 21 111 1.09 0.06 1.17 1.23 1.29 0.2 55
Sn (ppm) 1.7 157 2.33 2.2 0.38 271 3.09 3.47 2.3 1.0
Zn (ppm) 1 1388 54.7 38 5159 106.2 157.8 209.4 83 0.6

el jlme Byl Glaeas St 5 S 8w pb hise CR s g3

Note: CR abbreviation: Clarke concentration. Std means standard deviation.
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Fig. 5. Maps showing distributions of Cu, Mo, Au, Ag, Sb, Bi, Pb and Zn concentrationvaluesforrock geochemical data
collected from Zafarghand district (see legend of Fig. 2 for lithological boundaries). Threshold values are calculated
using X+2S of Table. 2.
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Fig. 7. Photomicrographs of the fluid inclusions in the Zafarghand district in quartz. A: Primary two phase fluid
inclusion (V+L), B: Primary three phase (V+L+S) and two phase (V rich) fluid inclusions. (V= Vapor, S= Solid, L=

Liquid)
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Table 3. Microthermometry data of primary fluid inclusions from the quartz in Zafarghand district. All fluids are

primary. Abbreviations are N: Number of fluid inclusions, T u: Temperature of Last ice Melting point, Tu:
homogenization temperature, Try: First ice Temperature of First ice Melting point.

Sample N Tim(°C) Tu(°C) Type of inclusion ;{E“; Salinity (wt % NaCl eqv)
10 2 133 L+V
10 3 142 L+V
10 2 340 L+V
10 2 325 L+V
10 3 337 L+V
10 1 373 L+V
10 1 391 L+V
10 3 -1.2 342 L+V 1.97
10 3 -1.1 390 L+V 181
10 1 368 L+V
10 3 550 L+V+S
10 3 -0.8 379 L+V 1.32
10 1 -0.7 378 L+V 1.15
11 2 -3 313 L+V -32 4.85
11 3 -3.2 301 L+V -31.5 5.16
11 2 2.1 300 L+V -31 3.43
11 1 273 L+V
11 1 263 L+V
11 1 323 L+V
9 3 352 L+V+S -65 32
9 1 379 L+V+S 43
9 2 328 L+V+S 33
9 3 353 L+V+S 33
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type fluids (B) in Zafarghand district fluids (Wilkinson, 2001)
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Fig. 10. Homogenization temperature (Th) versus salinity plot illustrating A: Stability of chloride complex (A field)
versus sulfide complex (Bfield) (Large et al., 1988), B:detection of originin the hydrothermal fluids at Zafarghand
district (Kesler, 2005)
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Table 4. Summary of the fluid characteristics of quartz mineral from the Zafarghand district, with indication of the type
of mineralization

Stage Trmcq) Tm ieecy Tuco Salinity (%) Mineralization
N Rang N Rang N Rang

I 1 -65 - - 5 328 550 32_43 Porphyry

II 3 -32t0-317 7 -07_-3z 18 123 391 1.15 5.16 Epithermal
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Introduction

Urumieh-Dokhtar Magmatic Arc (UDMA) is a
good prospective area for Cu, Cu-Mo and Cu-Au
deposits (Fig. 1A and B). The Zafarghand district
is located in the central part of the UDMA and the
northeastern Isfahan. The present study concerns
geological observations, alteration investigations,
geochemical data and fluid inclusion studies. The
purpose of the research is to identify geochemical
anomalies and source of metals in this area.
Geochemical anomalies for mineralizing elements
and element associations were identified by using
statistical analysis methods. Additionally, these
results together suggest a site for exploration
drilling in this study area.

Materials and methods

We collected 186 samples (rock) along multi-
cross sections oriented perpendicular to the strike
of the South -Ardestan fault (Fig. 2).Trace
element concentrations were determined by the
ICP-MS  technique in  Amdel laboratory
(Australia). Thin sections and doubly polished
sections (100-200 um thick) from quartz veins
were prepared from samples collected from the
Zafarghand district in the University of Isfahan.
Heating and freezing experiments on fluid
inclusions were performed as defined (by
Goldstein and Reynolds (1994) on a Linkam
THMG6G00 stage.

Results

Igneous rocks in the Zafarghand area are
dominated by the Eocene and post Eocene acidic-
intermediate rocks that include dacite, rhyodacite
and andesite associated with diorite, quartz diorite
and microdiorite  intrusions. The present
investigations indicate that all rocks of the
Zafarghand district exhibit a variety of alterations.
Hydrothermal alterations include phyllic, potassic,
silicification, and argillic with widespread
propylitic. The mineralization consists of
malachite, azurite, hematite, and goethite, rare
amounts of magnetite, pyrite, and chalcopyrite.
Numerical  traditional  statistical  analysis
techniques have been applied to interpret the
geochemical data of the study area. These
methods are aimed at producing maps resulting
from the detecting of anomaly or threshold values
from the background (Aitchison, 1986; Sun et al.,
2009). Anomalies of Cu, Mo, Au, Ag, Pb, Zn and
Sb were determined by Mean + 2 standard
deviation (Cheng, 2007; Zuo et al., 2009; Chen et
al., 2016). Geochemical maps for these elements
in rocks and soils (Fig. 4) show significant
contrasts in haloes concentrations within the
diorite and dacite rocks in the southeast of the
study area. The addition of concentrations in rocks
is suggested indicating that a district-scale
geochemical present is confined to either base
metals or precious metals. The obtained fluid
inclusion results are compiled in Table 3. Primary
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fluid inclusions in quartz mostly consist of two-
phases and rarely three phases. Homogenization
temperatures (T,) in quartz samples represent
wide variations from 123° to 550°C. They were
classified according to the mode of
homogenization into two immiscible types (Fig.
8): These are early inclusions stage with a high Th
(between 328° and 550°C) and late stage
inclusions with a low Th (between 123° and
390°C). The salinity measured using the equation
of Bodnar (1993) for fluid inclusions varies from
1.15 to 43 eqv.wt% NaCl. It was divided into two
groups including high salinity (32 to 43 eqv.wt%
NaCl) and low salinity (1.15 to 5.16 eqv.wt%
NacCl).

Discussion

The predictive results obtained by field
observations, geochemical and micro
thermometric studies are in good agreement with
the known deposits. Geochemical anomalies are
associated with phyllic and rare silicified altered
rocks. The host rocks of anomalies are mainly
dacite and diorite, respectively with an Eocene
and younger age. District-scale geochemical
patterns of several elements (Cu, Mo, Au, Pb, Ag,
As, and Sb) in the surface coincide with the
southeastern area and can be used to explore for
epithermal  and/or  porphyry-type  deposits.
Anomalies of Cu and Mo are suitable for targeting
Cu-Mo  mineralization.  Weak  anomalies
associated with Au concentration should also be
combined with other exploration methods to
identify mineralization in the Zafarghand district.
Quartz veins are classified as V1 and V2 (Fig.
3G). Based on the properties of quartz
hydrothermal fluids in the Zafarghand district,
they are interpreted to have evolved in two-types
of fluid fields (Fig. 7):

- Stage 1 fluid inclusion: This inclusion included
32 to 43 wt percent NaCl eqv (high salinity) and
homogenizing between 328° and 550°C. Primary
quartz in stage 1 veins (V1) is poor inclusion and
associated with sulfide minerals. It can be
represented by fluids trapped during aporphyry-
system episode.

- Stage 2 fluid inclusion. This inclusion typically
contains <5 wt percent NaCl eqv (low salinity)
and homogenizing between 123° and 391°C.
Quartz in stage 2 veins (V2) is characterized by
milky color and inclusion rich. Low temperature,
low salinity fluid inclusions demonstrate the last
hydrothermal event. A possible origin for vapor-
liquid inclusions in quartz veins (V2) could be
explained by mixing of magma-related fluids with
ground water.
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