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Fig. 1. Geological map of Tappeh-Khargoosh area (modified after Radfar, 1992)
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Fig. 2. Cross cutting of diabasic dikes with WNW-ESE and N-S trend in the Tappeh-Khargoosh area
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Fig. 3. Rose diagram of A: dikes, B: Joints and Faults, and C: Mineralized veins in the Tappeh-Khargoosh area
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Fig. 4. Different styles of mineralization in the Tappeh- Khargoosh area. A: mineralized vein, B: Close-up of it with
banded texture, C: mineralized quartz veinlets as open space and crack filling, D: mineralization as amygdals filling in
andesite, E: an amygdal filled with chalcedony and malachite (XPL), and F: an amygdal filled with chlorite and calcite
(Xpl). Mal: Malachite, Chal: Calcedony, Chl: Chlorite, Cal: Calcite, Qz: Quartz, (symboles from Whitney and Evans,
2010)
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Fig. 5. Microphotographs of primary and secondary ore minerals in Tappeh- Khargoosh deposit (XPL). A to D: Primary
chalcopyrite and bornite are decomposed into cuprite, chalcocite, covellite, hematite and goethite with colloform
texture, E: malachite as fracture filling, F: chrysocolla as cavity filling, G: kidney hematite, and H: native gold in
microfracture which contaminated by Fe-hydroxide. Colloidal goethite can be seen on the left side of picture. Gth:
Goethite, Hem: Hematite, Bn: Bornite, Ccp: Chalcopyrite, Cct: Chalcocite, Cv: Covellite, Mal: Malachite, Chry:
chrysocolla, Cpr: cuprite, Au: Gold, (symboles from Whitney and Evans, 2010)
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Table 1. Microprobe analysis results of points 1 to 9 in Fig.6 (wt.%) in the Tappeh-Khargoosh area

Point No S Mn Fe Cu As Ag Cd Au Pb Bi  Total Mineral
1 0.04 0 03 47.89 0.01 0 0.02 0.05 007 0 4844 Cu-oxide
2 0.05 0 021 50.63 0 0.02 0 0 0.04 022 51.24 Cu-oxide
3 0.09 0.01 0.19 8.53 0 8343 0 014 0 004 9245 Ag-Cualloy
4 0.03 0.01 0.16 8.65 0 8453 001 057 0 0 94.03 Ag-Cualloy
5 2047 001 031 7775 O 0 0.01 0 002 0 98.7 Chalcocite
8 20.52 0 0.01 78.06 0 0.03 0.01 0 0 0 98.63  Chalcocite
9 20.14 0.01 0.02 78.62 0 0.01 0 0 0 0 98.81  Chalcocite
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Fig. 8. Alteration halos around the mineralized quartz vein in the north of Tappeh-Khargoosh area (View to the SW)
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Fig. 9. Structures and textures of silicified zones and quartz veins of Tappeh-Khargoosh area. A and B: Brecciated
texture in hand sample and under microscope, C: The radiate growth of quartz in cavities and fractures of host rock, D:
Banded texture in hand sample, E and F: under microscope, G: Disseminated fine-grained quartz in the andesite, H: The
open spaces between the large quartz crystals filled with calcedony, and I: The cavities filled with quartz and calcite.
All microscopic pictures had be taken in XPL. Qz: Quartz, Ser: Sericite, Cal: Calcite, Chal: Calcedony, PI: plagiocalse,
Py: pyrite, (symboles from Whitney and Evans, 2010)
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Fig. 10. Sericite alteration as: A: Veinlet (XPL), B: selectively in coarse-grained plagioclase and pervasively in the
groundmass (XPL), and C: fine rombic crystals of adularia associated with quartz and calcite (XPI) of Tappeh-
Khargoosh area. Ser: Sericite, Qz: Quartz, Adu: Adularia, (symboles from Whitney and Evans, 2010)
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Fig. 11. X-ray diffraction diagram of argillic-serisitic alteration zone in the Tappeh-Khargoosh area. Microcline, Albite,
Quartz, Hematite, Calcite, muscovite and montmorillonite detected.
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Fig. 12. Propylitic alteration in rocks with hyaloporphyritic textures in the Tappeh-Khargoosh area. A: Amphibole have
been replaced by iron oxides and chlorite and cavities filled with calcite and chlorite (XPL), B: pervasive and
disordered chlorite alteration in volcanic rocks (XPL) C: calcite veinlets with scattered calcite in the groundmass,
(XPL), and D: iron-rich chlorite (penin) veinlets with calcite (XPL). Cal: Calcite, P1: Plagioclase, Chl: Chlorite, Amp:
Amphibole, (symboles from Whitney and Evans, 2010)
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Table. 2. Microthermometry of two-phase primary fluid inclusions in mineralized quartz veins in the Tappeh-
Khargoosh area. (Tim: Last melting temperature, T, First melting temperature, Th: Homogenize temperature)

number Size Tim Ttm Th Satinity
(im) Wt.% NaCl equ.
1 8 71 * 192 10
2 8 -6 34 187 9
1 7 5.7 * 167 8/7
1 7 -6l * 194 9/1
1 7 72 39 190 102
1 7 38 * 157 5
1 5 42 * 162 6/2
1 10 -8 39 148 11/9
2 8 -9 38 151 13
1 8 2 39 137 4
1 8 -7 38 142 9/9
1 8 -85 * 149 12/5
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Fig. 13. Liquid (L) and vapor (V) rich single phase and two-phase (L+V) fluid inclusions in quartz veins of Tappeh-
Khargoosh area
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Fig. 14. Homogenization temperature - salinity diagrams with contour lines of constant density (Bodnar, 1993). Density
of fluid inclusions change from 9.0 to 1 g/cm® in Tappeh- Khargoosh deposit.
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Fig. 15. Homogenization temperature- salinity diagram to determine effective complexes in transporting of ore forming

elements (Pirajno, 2009) in the Tappeh-Khargoosh area. Chloride complexes play a major role in field A and sulfide
complexes in field B.
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Large, 1989). In the Tappeh-Khargoosh area, sulfide complexes has played a major role in transporting of copper and
gold.
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fluid with A composition (Wilkinson, 2001). In the Tappeh-Khargoosh area, dilution by the surface fluids has been the
most important factor in the settling of quartz.
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Table 3. Matrix table of correlation coefficients of elements in the Tappeh-Kharghoosh area

Ag Cr Cu Fe Mn Pb Sr \% Zn Au

Ag 1

Cr -0.337 1

Cu 0342 0.524 1

Fe -0.141 0922 041 1
Mn -0.089 0901 0.444 0.873 1

Pb  0.693 0267 0.814 0.230 0.452 1

Sr 0.148  0.189 -0.394 0491 0416 -0.117 1

\Y% -0.567 0.830 0.074 0.868 0.647 -0.259  0.410 1

Zn 0865 0.061 0.763 0.153 0.173 0.884  -0.081 -0.309 1

Au  0.034 0501 0.879 0224 0417 0.689  -0.620 0 0.462 1
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Fig. 18. Cluster diagram of elements in the Tappeh- Khargoosh deposit. Elements divided into two main ore- forming

(group 1) and rock- forming (group 2) groups.
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Fig. 19. Conceptual model for low sulfidation epithermal mineralization of Tappeh-Khargoosh area (modified from:

Hedenquist and Arribas, 2017)
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Table 4. Comparison of the Tappeh-Khargoosh deposit with epithermal and manto type deposits

. Tappe-
epithermal Manto Khargoosh
H.S L.S L.S
Fnrlrzilsria\l/l;ed, Chalgif:s(icizy(nquartz Quartz/
R Splaying Mainly open Chalcedony/
mainly . crustiform, bladed, !
Shear veins, space filling, carbonate
Structure and replacement cockade and . . .
L . vuggy and rarely vein- displaying
texture origin; residual/ carbonate- ; .
Vo artz banded replacement Veinlets, crustiform,
geyd p dissemintion cockade textures;
commonly textures; open open space fillin
hosts ore space filling pen sp &
Carbonate Absent rarely Common rarely Common
Copper Sphalerite,
sulfosate, galena and Sphalerite, galena Chalcocite,
chalcopyrite, Low and tetrahedrite are  bornite, digenite, Chalcopyrite,
Paragenesis bornite, amounts of  common. Copper is  chalcopyrite and bornite,
enargite, chalcopyrite  mainly in the form  covellite, native  chalcocite, gold
luzonite, and of chalcopyrite Cu
chalcocite tennantite
dominated b M Epidote, .. quartz, sericite,
advance argillic artz- Sericite, Carbonate, adularia
Alteration (alunite, quart adularia, illite/ chlorite, quartz, R
. ; sericite, . ; montmorillonite,
minerals pyrophyllite, L muscovite, hematite and o .
7. illite/ .. ) illite, calcite,
kaolinite) . chloritic, cabonate alkali feldspar .
muscovite chlorite
. Commonly
Wldespregd LOW restricted and Without zoning, restricted and less
and extensive extensive . . .
. e o visually very restricted extensive
Alteration advace argillic, (siliceous, o o
. - . S subtle (propylitic- (siliceous,
intensity visually sericitic, . . o . A D
. . ) (intermediate siliceous -calcite  sericitic, argillic
prominent intermediate o . > .
o argillic, rarely and albite) and propylitic)
argillic) 2 ;
sericitic, chlorite)
Near-neutral
Mainly acidic Wr;tzio\f;icth Mainly meteoric meteoric waters meteoric water
Source fluids  water with high waters with low with variable with low to
salinity low to salinity salinity (1.5-62)  medium salinity
moderate '
salinity
Volcanic Andesitic lavas
Mainly rocks by Andesite- and calc-alkaline
Host rock andesite- combining . . basalts to high Andesite, dacite
. . rhyodacite-rhyolite .
rhyodacite basic to potassium
intermediate volatiles
Ag/Au ratio Low Low High - high (485-1175)
Temperatures 200-300 100-300 100-300 150-360 137-194
White and White and . Cisternas and
. . White and .
Hedenquist, Hedenquist, Hedenauist. 1995: Hermosilla,
References 1995; 1995; quist, ’ 2006; Trista- this research
; . Hedenquist et al., .
Hedenquist et Hedenquist 2000 Aguilera et al.,
al., 2000 et al., 2000 2006
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Introduction

The Tappeh-Khargoosh area is located at the 15
km SW of Ardestan, in the middle section of the
Urumieh-Dokhtar magmatic arc (Aghanabati,
2004). Exploration in the study area began in
2006 by Kani Pajohan-e- Spadana Company and
continued in detail by the Ardestan Copper-Gold
Company. Their exploration activities consist of
preparing the geological map (1:5000 in scale),
drilling trenches and boreholes. Also minor
extraction has been done. In this paper, our focus
is on mineralogy, alteration, geochemistry and
fluid inclusion of the Tappeh-Khargoosh deposit
for determining the genesis of mineralization. The
results of this study can be used for more
exploration in the study and adjacent areas.

Methodology

Samples collected along a traverses perpendicular
to the mineralized veins and their alteration
haloes. The geometry, morphology, mineralogy
and texture of mineralization were examined.
After careful microscopic studies, 7 samples were
analyzed by the XRF method in the laboratory of
the Tarbiat Modarres University and Iranian
Mineral Processing Research Center (IMPRC) in
Karaj. Six thin-polished sections and 8 polished
sections were examined. Also, 32 samples of
mineralized and altered zones were analyzed by
Inductively Coupled Plasma with optical emission
spectrometer (ICP-OES) in IMPRC. Six samples

were analyzed for gold by Atomic Absorption
Spectroscopy (A.A.S) method in the Kimia Pajoh
Alborz laboratory. Three double polished sections
prepared from mineralized quartz vein and micro
thermometric studies had been analyzed by a
model HF-S90 microscope in the University of
Isfahan. For detail understanding of mineral
composition and determination of some fine and
rare minerals, the electron microprobe analyzing
(EMPA) technique (model SX100) is used in
IMPRC.

Discussion and results

The Tappeh-Khargoosh deposit consist of quartz
vein and veinlets which occur as open space
filling in Eocene andesite and dacite. The
mineralized veins mainly occur in the fault zones.
The subparallel fault systems of dextral strike
sleep Qom-Zefreh crustal scale fault (Tajmir Riahi
et al.,, 2012) has had the main role in localization
of mineralizing fluids.

The alteration mainly consist of silicificaion,
propylitization with minor sericitization and
argillization  represented as  vein-veinlets,
dissemination and pervasively in host volcanics.
These alteration assemblages are indicative of
near neutral to little alkaline hydrothermal fluids
(Simmons et al., 2005). The silicic alteration has
occurred in a wide range of pH and temperature,
while the argillic alteration has occurred in low
temperature and a wide range of pH. So where the
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silicic and argillic alterations have occurred
together, the temperature of the causing fluid must
be lower in the range of clay mineral stability
field (Robb, 2005). The fluid inclusion in the
quartz shows the low temperature (137-194°C)
and low to medium salinity (4-12.5 %) which
coincide with low to medium sulfidation
epithermal deposit conditions. According to fluid
inclusion data, bisulfides were the main ligand for
metals  transportation.  The  absence  of
halite/sylvite daughter minerals in fluid inclusions
and low salinity of fluid inclusions show that the
chloride complexes not act as effective ligands.
Opposed to high sulfidation epithermal deposits in
which the magmatic waters are common, in the
low sulfidation type, the meteoric waters are
dominant (Foster, 1991; Vahabi Moghadam,
1993). Dilution by cold and low salinity meteoric
water has the main role in mineral deposition.
Pyrite, chalcopyrite, bornite, chalcocite and native
gold are the primary minerals and hematite,
goethite, covellite, chalcocite, cuprite, malachite,
chrysocolla, azurite and atacamite are the
secondary minerals, which have occurred as
veinlets, open space filling, colloform, amygdal
filling and dissemination in quartz vein and host
rocks. Fine grain gold had be seen in the colloidal
secondary Fe-oxides, which indicate that the gold
probably occurred primarily in sulfide minerals
and was released in the supergene process.
According to microprobe analysis, Ag was
measured as impurity in chalcocite. These features
coincide with high correlation coefficient between
precious metals and copper. So, the Cu can be
used as a pathfinder element for gold exploration
in this and adjacent areas. The abundance of Cu-
bearing secondary minerals in the surface,
indicate that the Cu has not leached effectively as
a result of the little amount of pyrite and aridity of
the area. In this condition, Cu which was created

by oxidation of primary Cu minerals was fixed in
the surface as silicate, carbonate and oxide
minerals (Chavez, 2000). Geology, geometry,
texture and structure, geochemistry, alteration
schema, fluid inclusion and mineralogical data of
the Tappeh-Khargoosh make it similar to low
sulfidation (L.S) epithermal deposits.
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