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Fig. 1. A: Location map of the Cheshmeh Khuri area in Iran, B: in the north Khur area and C: access routes to it
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Fig. 2. Geological map of Cheshmeh Khuri district
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Fig. 4. A: Propylitic alteration on the surface of the earth giving the green appearance to the Andesite unit, B: argillic-

silicified alteration, C: kaolin at the trench, D: the effects of striations related to faults, E: Oxidation of pyrite's veinlets
in quartz-sericite-pyrite alteration zone, and F: massive silica vein in north of Cheshmeh Khuri area

5,155 QZ i, Cb g Bt .5 93 anin dibaie jo 0508l oy Bg oy )0 cwadiw — S5, T Sle S0 D g ujail oy o

(Whitney and Evans, 2010) jlsl 5 g ol 5 (6 lais] mdle . pnS's o 5dS :CpX 2o 1S :Chl «ganl Ep )55 Pl
Fig. 5. A: Propylitic alteration in andesite unit, B: Argillic-propylitic alteration in diorite porphyry, C: Argillic-
carbonate alteration in andesite unit, and D: Argillic-silicified alteration in andesitic tuff breccia in Cheshmeh Khuri

area. Bt: biotite, Cb: carbonate, Qz: quartz, Pl: plagioclase, Ep: epidote, Chl: chlorite, Cpx: clinopyroxene.
Abbreviations after Whitney and Evans (2010)
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Fig.7. A: Disseminated pyrite as subhedral to euhedral, B: quartz-pyrite veinlets in quartz-sericite-pyrite zone, C: pyrite

veinlet, D: quartz-pyrite-carbonate veinlets in quartz-sericite-pyrite zone, E: electronic image of pyrite as disseminated,
F: pyrite as veinlet, G: disseminated pyrite as subhedral to euhedral in argillic zone, H: quartz-pyrite-carbonate veinlets
in propylitic zone, and I: chalcocite and covellite in Cheshmeh Khuri area. Py: Pyrite, Qz: Quartz, Cb: Carbonate, Cc:
Chalcocite, Cv: Covellite. Abbreviations after Whitney and Evans (2010)
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Table 1. The average EPMA analysis results for mineral pyrite in the Cheshmeh Khuri area

Mineral Mineralization Number Cu S Fe As Ag Zn Pb Bi Te Sb
Pyrite Disseminated 5 0.08 53.56 457 1.2 - 0.05 - 0.14 0.01 0.04
Pyrite Veinlet 7 0.04 54.12 4546 0.8 - 0.01 - 0.17 0.01 -
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Fig. 8. A: Oxidation of stockwork veinlets in the quartz-sericite-pyrite zone, B: stockwork veinlets of pyrite, which is
converted to jarosite and limonite due to oxidation, C: liesegang banding in trench, D: formation of gypsum at the
surface and adjacent to the argillic zone, E: presence of free sulfur and iron oxides due to extreme weathering, F: gossan

zone in the center of the study area, G: boxwork texture in gossan zone, H: barite in gossan zone, and I: silicone cap,
mainly containing hematite and goethite in Cheshmeh Khuri area.

1. irregular silicified bodies
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Fig. 9. The paragenetic sequence in Cheshmeh Khuri area. Abbreviations: Pp: Propylitic, Cc: Carbonate, A: Argillic, Si:

Silicified, Q.S.P: Quartz.Sericite.Pyrite
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Table 2. Geochemical analyses data of lithogeochemical samples in Cheshmeh Khuri area (The concentration of the

elements in the reported samples is in ppm).

Sa&‘:}"le Cu Pb Zn % Cr Ce Mo As Ag
CH1 323 21 56 12 17 39 <1 <10 <1
CH3 273 1314 82 37 35 41 3 17 1.3
CH4 430 44 66 <10 21 44 3 <10 <1
CH5 652 1622 48 <10 25 49 5 <10 4.7
CHe6 348 201 76 21 46 51 6 <10 <1
CHS 321 230 34 20 16 49 2 <10 <1
CH11 312 672 23 18 49 49 13 14 <1
CH13 353 79 64 <10 15 42 5 <10 <1
CH15 332 19 55 152 63 31 5 <10 <1
CH16 366 17 38 94 83 25 <1 <10 2.4
CH17 346 16 22 23 279 16 2 <10 <1
CH18 330 <10 22 13 120 10 4 <10 <1
CH19 322 18 48 63 72 24 5 <10 <1
CH20 654 44 103 92 124 36 4 <10 <1
CH21 333 13 98 26 97 12 13 343 <1

Mo jaie gl 6,95 deiir aldlate 5l slaaiges 4520 5l Jol> gl ¥ Jga
Table 3. Fire assay analyses data of Au elements in Cheshmeh Khuri area

sample No. CH12 CH17 CH19 CH21 Chpy

Au (ppb) 7.0 <5 <5 <5 <5
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Fig. 10. A: Dispersion of Cu element and B: Pb element in litogeochemical samples of Cheshmeh Khuri area on

alteration map
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Fig. 11. The microscopic image of fluid inclusions A: two—phase fluid inclusions (LV), single phase (L) in quartz of
quartz-pyrite veinlet, and B: two—phase fluid inclusions (LV) and single phase (L) in calcite of calcite-Fe oxide veinlet

in Cheshmeh Khuri area
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Table 4. Summary of Microthermometric data of primary fluid inclusions of the Cheshmeh Khuri area. (LV = Two-

phase liquid-rich, Qz=Quartz, Cal=Calcite)

. Salinity .
Sample . Type Fluid o o o o Density
No. Mineral Fluid Number Th (°C) Ttm (°C) Tm (°C) Wt‘. % ( gr/em’)
equiv.)(
10.5 -to

CH+4 Qz LV 18 345-289 55.1 -to 57.4- 9.3- 14.4-10.6  0.85-0.79
CH-5 Qz LV 15 330-275 55.3-t058.3- 7.1-t09.2- 13-10.6 0.86-0.79
CH-8 Qz LV 13 318-276 55 -to 57.8- 5.7-109.3- 13.1-8.7  0.89-0.82
CH-5A Cal LV 10 308-238 543 -t0-57.2 4.1-t06.3- 9.5-6.5 0.90-0.79

CH-9A Cal LV 11 310-225

54 -to 57.4- 4.6 -t0 6.5- 9.5-7.2 0.91-0.78
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mineralization in the Cheshmeh Khuri area
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CH40A Pyrite Quartz -pyrite 235 31 1.1 125
veinlet

CH40B Pyrite Quartz -pyrite 2.46 321 11 136
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Introduction

The Cheshmeh Khuri area is located in the north
of the Lut Block volcanic—plutonic belt, in eastern
Iran, about 111 Km northwest of the city of
Birjand. Extensive Tertiary magmatic activity in
the Lut Block, is spatially and temporally
associated with several types of mineralization
events (Karimpour et. al., 2012). The episode of
Middle Eocene to lower Oligocene (42—33 Ma)
was very important in terms of magmatism and
mineralization (Karimpour et. al., 2012). The
North Khur area includes numerous cases of
Cu£Pb+Zn vein-type mineralization, such as the
Shikasteh Sabz, Mir-e-Khash, Rashidi, Shurk,
Ghar-e-Kaftar, Howz-e-Dagh, as well as kaolin
deposit (Cheshmeh Khuri area). We present and
discuss alteration, ore petrography, geochemistry,
fluid inclusion micro thermometry, and sulfur
isotope geochemistry, which help clarify the ore
genesis of the Cheshmeh Khuri area.

Materials and methods

The present study involves detailed field work and
study of thin and polished sections from the
intrusive rocks and ore samples under the optical
microscope. Metal concentrations were analyzed
at the IMPRC laboratory of Iran using the ICP-
OES techniques on fifteen samples. Five samples
were analyzed for Fire Assay analysis and four
samples for XRD analysis at IMPRC laboratory of
Iran. Twelve spot analyses (microanalyses) were

performed on an X-ray Analytical Microscope at
IMPRC laboratory.

Doubly polished wafers (150 pm thick) were
prepared from five samples taken from surface
and trenches. Micro thermometric measurements
were carried out using a Linkam THM 600
heating—freezing stage mounted on an Olympus
TH4-200 microscope stage at the Ferdowsi
University of Mashhad, Iran. Two pyrite samples
from quartz-sulfide veinlet were analyzed for the
sulfur isotope compositions after careful hand
picking and purification at Iso—Analytical limited,
United Kingdom.

Discussion and results

The main alterations consists of propylitic,
argillic, quartz-sericite-pyrite and silicified. The
mineralization is mainly observed as vein and is
disseminated in quartz-sericite-pyrite, argillic-
silicified and propylitic alteration zones and is
disseminated in the argillic alteration zone. Pyrite
is the only primary sulfide mineral in the area.
Due to the great influence of weathering processes
on the primary ore, secondary sulphide and oxide
mineralization (malachite, azurite, chalcocite,
covellite, goethite, and hematite) are widely
spread and have finally created lithocap (Sillitoe,
1993; Sillitoe et. al., 1998). The maximum
anomalies of copper (654 ppm) and lead (1622
ppm) are associated with quartz-sericite-pyrite
alteration. Primary fluid inclusions of quartz in
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paragenesis with mineralization in quartz-sericite-
pyrite zone, argillic-silicified zone and calcite in
paragnesis with mineralization in propylitic zone
have an average of homogenization temperatures
of 321°C, 305 °C and 263 °C, respectively. Based
on freezing studies, the average calculated
temperature of last melting point of these is equal
to 12, 11.6 and 7.9 wt.% NaCl, respectively.
Homogenization temperature and salinity of the
fluids shows a shifting trend from relatively high
in quartz-sericite-pyrite zone to relatively low
homogenization temperatures in the propylitic
zone, which can be due to physicochemical
changes in the fluid such as cooling and mixing
with meteoric water (Naden et al. 2005).
According to the textural evidence, boiling has
also been effective during the evolution of the
fluid. The amount of §*'S for pyrite has a range
between 2.35 to 2.46 and the amount of 3*'Sy_s

equilibrium with pyrite has a range of 1.25 to 1.36
that show a magmatic origin for sulfur (Ohmoto
and Rye, 1979; Lesage, 2011). The expansion of
propylitic and argillic alteration zones on the
surface, the limited quartz-sericite -pyrite zone,
the absence of potassic alteration, the existence of
lithocap, geochemical anomalies, the range of
temperature and salinity of the fluid inclusion can
be indicative of the upper part of a porphyry
copper system.
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