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1- Introduction

At the highest stratigraphic levels of the Eocene volcanic sequence in Iran, numerous copper
mineralizations and ore occurrences have been identified. These have been described in various studies as
hydrothermal, vein-type, stockwork, and volcanic-hosted. However, due to an inadequate understanding of
their genetic models and ore-forming characteristics, many of these deposits have been abandoned, and
engineering operations such as drilling and tunneling have often been discontinued without meaningful
results. The Qaleh Zargar copper deposit is located approximately 110 Km southwest of Deyhuk and about
200 Km southeast of Tabas. According to the structural-sedimentary zoning of Iran, this area lies in the
eastern half of the Central Iranian microcontinent (CIM), roughly in the central part of the Lut Block, in
the northwestern section of the South Seh-Changi Sheet, near the Nayband Fault, at coordinates 58° 01’ 06"
E and 32° 23’ 39" N. A key feature of the Lut Block is its widespread magmatism, particularly in the
northern parts, which began during the Jurassic and reached a thickness of up to 2000 meters in the Tertiary,
especially during the Eocene (Aghanabati, 2004). Eastern Iran-and notably the Lut Block-has experienced
multiple tectonic regimes throughout geological time, resulting in extensive magmatic activity with diverse
geochemical characteristics that has created favorable conditions for a variety of mineralizations, including
copper, lead, and zinc vein-type deposits such as Seh-Changi (Yusefzadeh et al., 2003), Mahour (Esform,
2011), Qaleh Zari (Karimpour et al., 2006), Hoz-e Raees (Malekzadeh Shafaroudi et al., 2012), as well as
Shourab, Geleh Chah, and Choopan (Lotfi, 1982), Shah-Kuh tin mineralization (Esmaeily et al., 2005), and
high-sulfidation epithermal deposits like Chah Shalghami (Arjmandzadeh et al., 2011). The magmatism of
this period occurred within a subduction zone setting. The magmas originated from partial melting of the
oceanic crust and were variably contaminated by continental crustal material. This study aims to investigate
the petrology of volcanic rocks associated with copper, iron, lead, and zinc mineralization, including the
identification of constituent minerals, textures, paragenesis, alteration patterns, and detailed fluid inclusion
microthermometry and stable isotope (oxygen and sulfur) studies in the Qaleh Zargar copper deposit.

2- Materials and methods

2.1. Laboratory Studies

In this study, following an extensive literature review, a total of 76 samples were collected during field
operations from host rocks, mineralized veins, and alteration zones within the Qaleh Zargar copper deposit.
Sampling was conducted from surface outcrops down to a depth of 56.2 meters using drill cores. (It should
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be noted that within the Qaleh Zargar deposit area, 16 boreholes with a total length of 560 meters and 22
trenches were designed and executed.) Laboratory analyses included the preparation of standard and
polished thin sections for transmitted- and reflected-light microscopy. Additionally, double-polished
sections were prepared for fluid inclusion studies. These analyses were conducted at the University of
Tehran and Tarbiat Modares University.

2.2. Fluid Inclusion Microthermometry

Five double-polished thin sections (80—100 pum thick) were prepared from calcite (carbonate) and quartz
veins and veinlets. Petrographic examinations were performed to identify fluid inclusion features, and 38
fluid inclusions were selected for microthermometric analysis.

2.3. Stable Isotope Analyses

2.3.1. Oxygen Isotopes

Two samples of quartz and calcite, taken from the same sites as the fluid inclusion samples, were selected
for 6'80 stable isotope analysis. Samples were first crushed to a 60-mesh size at the University of Tehran
and then manually purified under a binocular microscope to achieve >99% purity.

2.3.2. Sulfur Isotopes
Two representative samples from mineralized veinlets were selected for 8**S sulfur isotope analysis.

3. Geology

3.1. Regional Geology of the Lut Block

The Lut Block, extending approximately 900 Km, forms the easternmost part of the Central Iranian
microcontinent. It is bounded to the east by the Nehbandan Fault and the Flysch Basin of eastern Iran, and
to the west by the Nayband Fault and the Tabas Block (Stocklin, 1968). Magmatic activity in the Lut Block
began in the Late Cretaceous and produced basaltic, andesitic, dacitic, and rhyolitic lava flows, along with
lesser amounts of shallow intrusive bodies. The oldest intrusive body in central Lut is the Sirch Kuh
granitic—granodioritic complex of Middle to Late Jurassic age, located 20 km southwest of Talkhestak (SW
of Birjand) (Tarkian et al., 1983).

3.2. Local Geology of the Study Area

The Qaleh Zargar copper prospect, covering an area of 9.38 km?, is located in the Lut Desert in eastern
Iran, approximately 13.15 km south of the abandoned Seh-Changi lead-zinc mine. The volcanic rocks in
the South Seh-Changi region and the study area include andesite, biotite-latite-andesite, trachyandesite,
pyroxene andesite, andesite-basalt, and dacite to rhyodacite, as well as pyroclastic rocks such as tuffs and
lithic tuffs. Common textures include porphyritic, granular to microgranular, brecciated, colloform, mosaic,
and vitriclastic.

4. Discussion
4.1. Mineralization
The mineralized outcrops in the Qaleh Zargar copper deposit appear as scattered hillocks composed of iron,
copper, and lead hydroxides, trending approximately northeast-southwest. Mineralization in the area occurs
in both primary (hypogene) and secondary (supergene) zones. The secondary mineralization is widespread
and comprises sulfide, carbonate, sulfate, and oxide phases.

Primary (hypogene) mineralization includes disseminated magnetite, chalcopyrite, pyrite, chalcocite,
and galena. Secondary (supergene) mineral assemblages consist of malachite, azurite, atacamite, covellite,
hematite, goethite, limonite, anglesite, cerussite, and siderite.

4.2. Fluid Inclusions

The study of fluid inclusions is a widely used method for thermometric analysis, determining salt
composition, and estimating the salinity of mineralizing fluids in ore deposits. In the Qaleh Zargar copper
deposit, fine-grained quartz and calcite are the most abundant gangue minerals associated with the ore-
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forming fluids. Fluid inclusions observed in this study are primarily single-phase (vapor-rich) and two-
phase (liquid-rich), mostly irregular in shape and dark in color. Their sizes range from 2 to 10 microns.
Two-phase liquid-rich inclusions are relatively scarce and commonly exhibit irregular or elliptical shapes,
with vapor phases occupying approximately 5-30% of the total inclusion volume. Single-phase vapor
inclusions are observed sporadically and as isolated inclusions in the host minerals, while the two-phase
liquid-rich inclusions also typically appear as isolated inclusions. The homogenization temperatures (Th)
of the fluid inclusions range from 136°C to 192°C, with an average of 163.1°C. Salinity varies between
3.55 wt.% and 7.31 wt.%.% NaCl equivalent, with an average of 5.63 wt.%. The decreasing trends in both
temperature and salinity suggest fluid mixing between a high-temperature, high-salinity magmatic fluid
and a low-temperature, low-salinity meteoric fluid.

4.3. Stable Isotopes

4.3.1. Sulfur Isotopes

Sulfur isotope studies in the Qaleh Zargar copper deposit were conducted on sulfide mineral samples, while
oxygen isotope analyses were carried out on silica samples. The &*S values of sulfide minerals from the
Qaleh Zargar copper deposit range from —6.6%o to —6.0%.. Using isotope equilibrium equations between
sulfide minerals and H-S in the hydrothermal fluid, the 6**S values of H.S are estimated to range from —
6.9%o0 to -2.6%o.

4.3.2. Oxygen Isotopes

Oxygen isotope values of the hydrothermal fluid were calculated using temperatures obtained from
microthermometric studies of fluid inclusions (with a dominant homogenization temperature of 192 °C and
an average temperature of 169.75 °C), applying the equation of Zheng (1993b). Oxygen isotope values of
hydrothermal fluids in carbonate alteration zones lacking mineralization fall within the meteoric water
range but somewhat approach magmatic values that may reflect the reaction of hydrothermal fluids with
igneous rocks or indicate the presence of two types of hydrothermal fluids, meteoric and magmatic, in the
carbonate alteration zones.

5. Conclusion

The mineralization in the Qaleh-Zargar copper deposit is observed in two forms: vein-type along faults and
disseminated throughout the host rocks. Mineralization occurs in both primary (hypogene) and secondary
(supergene) stages, with the supergene zone being more extensive. This zone includes sulfide, carbonate,
sulfate, and oxide mineral phases. The primary mineralization comprises scattered magnetite, chalcopyrite,
pyrite, minor chalcocite, and galena. In contrast, secondary mineralization is characterized by the presence
of malachite, azurite, covellite, hematite, goethite, limonite, cerussite, and siderite. The strong positive lead
(Pb) anomaly observed in the study area likely results from either contamination of the parent magma by
crustal materials or from mantle metasomatism. Based on the data obtained, two fluid sources are proposed
for the ore-forming processes. The first is meteoric water, which infiltrated deep through fractures and
faults, was heated by intrusive bodies, then ascended to the surface, precipitating metals during its upward
migration. The second source is magmatic water derived from intrusive bodies, which ascended to the
surface along with meteoric fluids.

The descending surface waters, rich in CO: and O-, interacted with pyrite, producing sulfuric acid and
creating a strongly acidic mineralizing environment. This process led to the formation of iron hydroxides
and the leaching of copper from the rocks. The fluid associated with the quartz veins shows low salinity,
ranging from 3.55 to 7.31 wt% NaCl equivalent, and homogenization temperatures between 136°C and
192°C, indicating fluid mixing during ore deposition. Considering the associated minerals, textures,
alteration styles, comparison with known vein-type deposits, and results of microthermometric studies, this
deposit is classified as a low-sulfidation epithermal system. The 8**S values of H:S in the ore-forming
hydrothermal fluids range from —6.9%o to —2.6%o, suggesting a magmatic origin for sulfur. In the Qaleh-
Zargar deposit, sulfur may have originated either from the leaching of primary sulfide minerals within the
volcanic host rocks or directly from magmatic hydrothermal fluids. The presence of galena and isotopic
fractionation among different sulfide minerals may also contribute to the depletion of 3**S in some of these
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phases. The oxygen isotope values of the hydrothermal fluids associated with mineralized samples fall
within the range typical of basaltic rocks, meteoric waters, and sedimentary units, which suggests that the
source of oxygen could be the result of interaction between meteoric fluids and andesitic-basaltic and/or
sedimentary rocks, or the product of isotopic overlap between magmatic and meteoric waters. These values
are also relatively close to magmatic ranges, which may reflect hydrothermal fluid interaction with igneous
rocks or the presence and mixing of both meteoric and magmatic fluids within the alteration zones.
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Geological Map of the Qaleh Zargar Area
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Fig. 1. A view of the geological map of the Qaleh Zargar area (Produced in the current study), based on the tectonic map

of East-Central Iran (adapted from Alavi, 1991).
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(Whitney and Evans, 2010)

Fig.2. (a) View of copper mineralization in the biotite-latitic andesite host rock at the Qaleh-Zargar copper deposit,
looking northwest, (b) View of the excavated trenches and drilled boreholes, looking southeast, (c) View of copper
mineralization and the topography of the Qaleh-Zargar copper deposit, looking north. (d) View of the biotite-latitic
andesite unit, (¢) View of the pyroxene andesite unit, (f) View of the pyroxene andesite unit within the Qaleh-Zargar and
southern Seh-Changi area, looking southeast, (g) View of basaltic andesite lava flows, looking southwest, (h) View of
trachy-andesitic lava flows, looking northwest, (i) View of the hyalopilitic porphyritic texture showing coarse plagioclase
and pyroxene crystals set in a fine-grained feldspar and glass matrix, (j) View of biotite with a zig-zag structure, (k) View
of flow hyalopilitic texture with coarse pyroxene and plagioclase crystals in a groundmass of fine, elongated sanidine and
plagioclase crystals with interstitial glass, (I) View of the glomeroporphyritic texture with plagioclase and pyroxene
crystals in a flow groundmass of plagioclase and sanidine microlites, (m) View of a pyroxene-bearing andesite fragment
within a volcanic lapilli tuff, (n) View of hyalopilitic porphyritic texture with coarse plagioclase, potassium feldspar, and
pyroxene crystals and (o) View of biotite-bearing andesite fragments in volcanic lapilli tuff. (Px: pyroxene, Bt: biotite,
PI: plagioclase, Sa: sanidine) (Mineral abbreviations are taken from Whitney and Evans, 2010).
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Fig.3. (a) View showing the location of mineralized zones and geophysical survey profiles in the Qaleh Zargar copper
deposit, (b) View of profiles P8 and P9 conducted in mineralized zone No. 3, (c) View of profiles from two phases of
geophysical surveys carried out in zone No. 1 and (d) View of profiles conducted near ring structures and mineralized

zone No. 4.
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Fig. ¥. (a) A hand specimen showing visible mineralization,(b) Malachite in vein form ,(c) Malachite veinlets cross-
cutting a rock matrix with disseminated magnetite,(d) Goethite formed by secondary processes , (¢) A view of the drill
core Biotite latite andesite containing mineralization,(f) Galena and chalcopyrite intergrowth ,(g) Disseminated covellite
with sericite, formed through alteration of galena,(h) Galena with sericitized margins, covellite, and chalcopyrite partially
altered to goethite,(i) Disseminated magnetite mineralization, partially hematitized ,(j) Fine veinlets of chalcocite within
the host rock,(k) Layers (veinlets) of quartz, iron oxides, and carbonate minerals ,(1I) Carbonate veinlet in a matrix
containing quartz crystals,(m) A hand specimen of ignimbrite ,(n) Plagioclase and biotite phenocrysts in a matrix
composed of volcanic glass shards,(o) Fragments of carbonate and iron oxides and(p) Coarse carbonate and chlorite
clasts. (Gn: galena, Ccp: chalcopyrite, Cct: chalcocite, Cv: covellite, Cer: cerussite, Mag: magnetite, Hem: hematite, Cb:

carbonate, Qz: quartz, FeOx: iron hydroxide, Mlc: malachite, Azu: azurite, Gth: goethite, P1: plagioclase, Bt: biotite, Chl:
.chlorite) (Mineral abbreviations are taken from Whitney and Evans, Y+ +)
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Fig. 5. Paragenetic sequence of selected minerals in the Qaleh-Zargar copper deposit.
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Table 1. Microthermometric data of fluid inclusions in the Qaleh Zargar copper deposit.
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Fig. 6. (a)Two-phase, liquid-rich fluid inclusion, (b) Two-phase, liquid-rich fluid inclusion, and (¢) Two-phase, liquid-

rich fluid inclusion and Single-phase vapor (gas) fluid inclusion.
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Fig 8. (a) Homogenization temperature vs. salinity diagram showing fluid densities ranging from 0.9 to 1 g/cm? in the
Qaleh Zargar copper deposit (Zhang and Frantz, 1987), (b) Pressure vs. salinity diagram indicating that fluid inclusion
pressures are generally below 10 MPa (Zhang and Frantz, 1987(, (c) Homogenization temperature vs. salinity diagram
representing the transition from magmatic to epithermal fluids in the studied deposit (Lattanzi, 1991), (d) Homogenization
temperature—salinity diagram used for identifying metal complexes (Pirajno, 2009), (¢) Homogenization temperature vs.
salinity diagram for various deposits (Wilkinson, 2001), showing that samples from the Qaleh Zargar copper deposit fall
within the epithermal field and (f) Salinity vs. homogenization temperature diagram comparing fluid inclusions with
different types of natural waters (Beane, 1983).
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Table 2. Sulfur isotopic values in sulfide minerals from the Qaleh-Zargar copper deposit

Chalcopyrite<=>H,S(Li & Liu,2006)

Sample Mineral 3Sm TC)* TC)* TEC* 1000Ln 1000 Ln 1000 Ln 534
Point in(%) -Min -Ave -Max o-T(min) o-T(Ave) o-T(max) SH,Sfluid
(%)
Gh-Z- Gn+ -6/3+ 136 158/6 176 0/3 0/3 0/2 -6/6 + 0/3
S22 Cep+Py+Cct+Silic  0/3 6
a(Quartz)
Galena<=>H,S(Li & Liu,2006)
Sample Mineral 3Sm TC)* TCO)* TEC* 1000Ln 1000 Ln 1000 Ln 534
Point in(%) -Min -Ave -Max o-T(min) o-T(Ave) o-T(max) SH,Sfluid
(%)
Gh-Z- Gn+ -6/3+ 136 158/6 176 -3/3 -2/6 -2/2 -2/9 + 0/3
S22 Ccp+Py+Cct+Silic  0/3 6
a(Quartz)
Galena<=>Chalcopyrite(Li & Liu,2006)
Sample Mineral 3Sm TC)* TC©)* TEC* 1000Ln 1000 Ln 1000 Ln 534
Point in(%) -Min -Ave -Max o-T(min) o-T(Ave) o-T(max) SH,Sfluid
(%)
Gh-Z- Gn+ -6/3+ 136 158/6 176 -1/9 -111 -0/7 -5/2 +0/3
S22 Ccp+Py+Cet+ 0/3 6

Silica(Quartz)



¥ c)w YA o)jo AfF-¥F uLy.wo)

a

wa & LS. i >
Ay (60 )15 (slidsyan Jf;:!gf/;’y:ab-"’b

T T 1
| | b
| | 1 P
= a — Qalch Zangnr | i { i |
Epithermal deposites [ a H { H H H
Mamoniy eh Arva((irmdarni 2024) ' i i I 3
= Porphyry sulfide deposite | | | | |
== Suindos of hydsethermal ongion Allegre 2008) : '|_ : : :
Base metal voin-ty pe depesite W Tgmeows roclidRolliman, 1995) f : - : : :
Marine sulfate & Magiiwsitoanries gronies(Seal, 2066) 1 [ — i i
" 3 | | i |
Basaltic rocks w— iesenftcacries grantes(Sesl 461 ! f— P
Granitic rocks I TR Velusic gased Alcgr. 2068) i ; i i i
i
" _— wie sl for(Allcgere, 2008 | ——— |
| Sedimentary rocks Dimpre /T ATATA N { { H H {
W Meduin il waciaol vedimveatinny py it 1979) { S—f—— kR
Biogenic sulfur w— Sultate of bydrothermal origin( Allcgrre 2008) P A | —— | i 4
Mecteorites B ] i i i 1
N L N Sedimcntary sulidostA lgree, 2088)
/ -0 -30 -20 -lﬂu 0 10 20 30 40 \ Meteorife wikertBirme,1979) ; : i E E
o 3
7 0 S(OA,) \ B MenoritRomaan. 1) ! | & ! -
4 A 5040 -30 <20 <10 0 10 20 3¢ 40 S50
ETUETEET) = ¢ C i M
l Sepid Sarve b . 'S
Il Cheshmeh Marzeyeh 8" S(%)
B Qaleh Jogh- Zar Mchr h 30 -20 -1 o £
5 Quich Zurgur —_—
Mameniych depositeCoudar i ot al. 2024) -
B Nurth Narbghi deposite.Tran
(Fark et al 2022) |
I Rangraziran Zamaniean o 31_2021)
Kalehuyeh
| (Zamanias et 21.202%)
Ders-LurtLautili of «1,2015)
e =
— T =5
Guaajuato, Mexico [
s (Mango et al.2013)
Madjarove, Bulgavia,
S Mg
-— S © o Turkey
| Y ilmac et ak2010) =
<16 -14-12 <10 -8 6 -4 -2 ) 2 4 6 8 10 12 14 16 -
ic red
3“S(%) Organic reducton 7 Magmatic Sca-wator
= 0 ' sulfides sulfides

eyl olus s (b) (Marini et al., 2011; Hofes, 2021) calize sbocw 5l lagilgw slp 0,565 0345 jolie auslio @) -1 JSi
(Goudarzi, 2024) 55 aws)l oleSlo a0 5 Gz Jbos ol aiiy glbodlgw b awlic ;o 5548 o LuilS glasalguw 5,565
(Rollinson, 1993) Calzee a5l e slolawxe b 5 5a0l8 e [LuilS sloasilgw 5,565 6348 olie auslis (c,d) 4

Fig. 9. (a) Comparison of &*S values of sulfur in sulfides from various rock types (Goudarzi, 2024), (b) Sulfur isotopic
compositions (6*#S) of sulfides from the Qaleh Zargar copper deposit compared with sulfides from global epithermal
deposits and the Urumieh—Dokhtar magmatic belt (Goudarzi, 2024) and (c,d) Comparison of 3**S values of sulfide
minerals from the Qaleh-Zargar deposit with those from different geological environments (Rollinson, 1993).
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Table 3. Oxygen Isotope Values in Quartz-bearing Minerals from the Qaleh-Zargar Copper Deposit.
Muscovite<=>H,0(Zheng,1993)

Sample  Mineral 8"Omi T(C)*- T(C)*- T(C)*-
Point n(%) Min Ave Max
Gh-Z-  Silica(Q +4/1+ 156 169/75 192

S11 uartz) 0/1

Gh-Z-  Silica(Q +2/5+

S21 uartz) 0/3

1000 Lna- 1000Lna- 1000 Lnoa- &"®OH,Ofl
T(min) T(Ave) T(max) uid(%)
6/8 6 4/8 -1/9+0/1

Quartz<=>H,0(Meheut et al.,2007)

Sample  Mineral 8"Omi T(C)*- T(C)*- T(C)*-
Point n(%) Min Ave Max
Gh-Z-  Silica(Q +4/1+ 156 169/75 192

S11 uartz) 0/1

Gh-Z-  Silica(Q +2/5+

S21 uartz) 0/3

1000 Lna- 1000Lna- 1000 Lnoa- &"®OH,Ofl
T(min) T(Ave) T(max) uid(%)
15/7 14/3 12/2 -10/2 £0/1

Qaleh Zargar

[ Ocean Water

| Basaltic Rocks

Sedimentary Rocks

Metamorphic Rocks

| Granitic Rocks

Meteoric Water

40 30 20 10 0 -10 -20
8" 0(%
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-30 -40 -50 -60 -70

(Hoefs, Y+ + §) Gilisee 5L pen; lodarms by 5,540l oo ,Lusls 8YAO pyolie anglio -+ IS5

Fig. \-. Comparison of 8’80 values from the Qaleh Zargar copper deposit with those of various geological environments

(Hoefs, Y. -¥)

bl VT Jol> Wl oo anlllas 3,90 03g0a ;0 Pb
—aligS pmsloguilio b g (slawgs dlge b oS (ol ol
ol gl @i )3 plonl Sladllas b g gaome jo sl (4
sl (Wl wd 5 )l o Lics g0 lg5 oo ddlate ;o jluals
Gt locad 4 oS 5 o S5 5 b 51 85 5
5 48,5 )18 (394 slaosgs )l Sl Zod g 00, Seds
03,5 s &5 |y 055 ol par D38 g aiS e 4y 0)Lgo
aS 63985 sloesgs 5l as 3 Lie HlSl oo (o .ol
€ 9y 9,8 sl ailoarw, rhw 4 g9 sl ol jon
JeSi3 s S b 0y55 0 Sl 50 55 095 02 5 Co2

Y22

G S A -0
Oyge 99 4 S5 el e )Ll o slagile gl JSs
aslais B G'l):ulf Mbso o..\..5|).a 9 Jmf slacel o9 6‘45)
i oS wdlige (09, wgil 5 (Oli0ss,0) adsl ©j50 &
3B shls g wibioe ook (TS sls (ol3009,2) 45l
Wy oS 0uiSTy Shge 4 cuiife Jeld (0l509,0)
gl 2hSE 5 I g o5 e 4 ConsSIE ooy



¥ O)Lo.ai} YA 0)90 AfF-¥F QL"“""“)

a

s A . .
Wyt 8 B i

s B gy S 5 55z ool IIL sl
“Jbew STy 5l Wl oo (FenST sliie D90 (nl 50 00
Logadl ooy by (AL —cojul GlaSew b o> sla
b g9z 5 Sl el aisnl Slises Jyaze
Oz el oleSle 00gaome 4y G0 (5099 U polie )]
b b oS Jlw 25Ty 4 o Yl >
sliie b e oloyS o £95 99 spa LIS b 5 00y ()8
oSS g5 azgi b g adloo Ll LS 5 (oleSle 5 59>
pos 5 Syl by Glo S5 pas (g (Sl T il
Jw 05 (6598 wailgm Glime 9 omb gl olas,
s3am oz 2Lkl (ud 38, 5 ole)S alye )0 jlaals
(JB GLad oaisS g GlaxS JaS, g9 (LGS 00 S
145, Slo ) Lusls glgil b anslie p 3515 wiile 35155 slacdly
g Lo b Jlw slo)lile) (zlos 1y Sladllas jloslaal 4
Omb s (olo ) g9 5 LlS (ul a5 S (o0 (05 598

i oo (Low sulfidation) L.S g4 glaS, £45 51 5

0d (Gdum] Al 4 LS)'L“’(_;”L{ laors g 00l S 98) gu s
s Lo I s g 00 LS5 ol glanaSs 0
O omb oes shle 3ileS a8 ) olies Jlew el oads
Ol ek sles s NaCl Joleo 39 auspo VIYY L Y00
50 bMis ] olas g anils o Kol 4,0 VAY L AYF 0
Jlw H2S 158348 polie .ans so lis | jluals” oYl
RGO PR 0)5])..' %0 -Y/7 i -£/% aals B )L..u@ls @Lo)f
S SU et 51 S, 5ael8 e LS 50 05250
3 { e b g Slia 151 005 1.8 0 S 50 adgl (soudlgu
gl NG PR o..\.'a‘) @L&fl.c slice la ‘saLo)f 6L®JL~»
Sl Sl gisnl SeSE 5 E 5 e ls
SD 2 Fhe Jelse 5l oo (S0 Wl e s sodlgn
O5eeST 59l polie 253348 5l gandlsw Sl IS Ko
03gaze 0 S5l S L olyen sladiges o by Jlew

&=l

Aghanabati, A., 2004. Geology of Iran. Geological Survey and Mineral Exploration of Iran, p. 606.

Arjmandzadeh, R., Karimpour, M.H., Mazaheri, S.A., Santos, J.F., Medina, J.M., Homam, S.M., 2011. Sr-Nd
isotope geochemistry and petrogenesis of the Chah-Shaljami granitoids (Lut block, eastern Iran). Journal
of Asian Earth Sciences 41, 283-296. https://doi.org/10.1016/j.jseaes.2011.02.014.

Alavi, M., 1991. Tectonic Map of Middle East, Tehran. GSI, Scale, 1:50000.

Beane, R.E., 1983. The magmatic-meteoric transition. Geothermal Resources Council. Special Report 13, 245—
253.

Bodnar, R.J., Vityk, M.O., 1994. Interpretation of microthermometric data for H20-NaCl fluid inclusions.
Reviews in Mineralogy and Geochemistry 30, 105-121. https://doi.org/10.2138/rmg.1994.30.6.

Carman, G.D., 1994. Genesis of the Ladolam gold deposit, Lihir Island, Papua New Guinea. Unpublished
Ph.D. Thesis, Department of Earth Sciences, Monash University, Australia, 226.

Esform, M., 2011. Geochemistry and Paragenetic Sequence of Minerals in the Mahour Polymetallic Deposit,
West Nehbandan (Eastern Iran). M.Sc., Thesis, University of Sistan and Baluchestan, 235.

Esmaeily, D., Nedelec, A., Valizadeh, M.V., Moore, F., Cotton, J., 2005. Petrology of the Jurassic Shah-Kuh
granite (eastern Iran), with reference to tin mineralization, Journal of Asian Earth Sciences 25, 961-980.
https://doi.org/10.1016/j.jseaes.2004.09.003.

Evans, A.M., 1997. An Introduction to Economic Geology and its Environmental Impacts, Blackwell
Scientific Publication.

Goudarzi, M., Zamanian, H., KlIétzli, U., Lentz, D., Ullah, M., 2024. Genesis of the Mamuniyeh Copper
Deposit in the Central Urumieh-Dokhtar Magmatic Arc, Iran: Constraints from Geology, Geochemistry,
Fluid Inclusions, and H-0-S Isotopes. Ore Geol. Rev 175, 106279.
https://doi.org/10.1016/j.oregeorev.2024.106279.

Guilbert, J.M., Park, Jr, C.F., 1986. The Geology of Ore Deposits. Freeman, San Francisco Leverett
Publication, McKinnon.

Hassan-Nezhad, A.A., Moore, F., 2006. A stable isotope and fluid inclusion study of the Qaleh-Zari Cu—Au—
Ag deposit, Khorasan Province, Iran, Journal of Asian Earth Sciences 27, 805-818,
https://doi.org/10.1016/j.jseaes.2005.08.002.

\2Y


https://doi.org/10.1016/j.jseaes.2011.02.014
https://doi.org/10.1016/j.jseaes.2004.09.003
https://doi.org/10.1016/j.jseaes.2005.08.002

a

- . . PRI . A
fo)l.o.w AYA 0)90 4\f’f uw) w)w 60).3)6 gs“"’L““’L}’*‘Q) l”"ﬁdf/’ﬁ‘:’g,’
¥

Hitzman, M.W., Reynolds, N., Sangster, D.F., Allen, C.R., Carman, C., 2003. Classification, Genesis and
Exploration Guides for Non-Sulfide Zinc Deposits. Economic Geology 98, 685-714,
https://doi.org/10.2113/gseconge0.98.4.685.

Hoefs, J., 2004. Stable Isotope Geochemistry, Springer-Verlag, Berlin, p. 287.

Hoefs, J.,, 2021. Stable Isotope Geochemistry (8th ed.). Cham, Switzerland, Springer.
https://doi.org/10.1007/978-3-030-77692-3.

Kamber, B.S., Ewart, A., Collerson, K.D., Bruce, M.C., McDonald, G.D., 2002. Fluid-Mobile Trace Element
Constraints on the Role of Slab Melting and Implications for Archean Crustal Growth Models.
Contributions to Mineralogy and Petrology 144, 38-56.

Karimpour, M.H., Large, R.R., Razmara, M.F., Pattrick, R.A.D., 2006. Bi sulfosalt mineral series and their
paragenetic associations in the specularite-rich Cu-Ag-Au deposit, Qaleh-Zari mine, Iran, Iranian Journal
of Crystallography and Mineralogy 13 (2), 417-432.

Klein, C., Hurlbut, C.S., Dana, J.D., Mineraloge, G., 1993. Manual of Mineralogy 527. New York: Wiley.

Kluyver, H.M., Tirrul, R., Chance, P.N., Meixner, H.M., 1981. Explanatory text of the Naybandan quadrangle
map 1:250,000, 143.

Lattanzi, P., 1991. Applications of fluid inclusions in the study and exploration of mineral deposits. European
Journal of Mineral 3, 689—-697.

Li, Y.B., Liu, J.M., 2006. Calculation of sulfur isotope fractionation in sulfides. Geochimica et Cosmochimica
Acta 70, 1789— 795, https://doi.org/10.1016/j.gca.2005.12.015.

Lotfi, M., 1991. Geological and geochemical investigation on the volcanogenic Cu-Pb-Zn-Sb ore
mineralization in the Shurab Gale chah and Northwest of Khur, Ph.D thesis, University of Hamburg,
p.152.

Malekzadeh Shafaroudi, A., Karimpoor, M.H., 2012. Advanced Geological and Applied Studies Journal, No.
6: Geology, Mineralization, and Fluid Inclusion Studies of the Hoz-e Raees Pb-Zn-Cu Deposit, Eastern
Iran. Journal of Advanced Applied Geology 6. (In Persian)

Marini, L., Moretti, R., 2011. Accornero M. Sulfur Isotopes in Magmatic-Hydrothermal Systems, Melts, and
Magmas. In: Behrens H, Webster J, editors. Sulfur in Magmas and Melts: Its Importance for Natural and
Technical Processes. Berlin, Boston: De Gruyter; p. 423-492. https://doi.org/10.1515/9781501508370-
014.

Matsuhisa, Y., Morishita, Y., Sato, Y., 1985. Oxygen and carbon isotope variations in gold-bearing
hydrothermal veins in the Kushikino mining area, southern Kyushu, Japan. Economic Geology 80, 283-
293, https://doi.org/10.2113/gsecongeo.80.2.283.

M¢heut, M., Lazzeri, M., Balan, E., Mauri, F., 2007. Equilibrium isotopic fractionation in the kaolinite, quartz,
water system: Prediction from first-principles density-functional theory. Geochimica et Cosmochimica
Acta 71, 3170-3181, https://doi.org/10.1016/j.gca.2007.04.012.

Ohmoto, H., Goldhaber, M.B., 1997. Sulfur and Carbon Isotopes: In Barnes, H.L. (ed), Geochemistry of
Hydrothermal Ore Deposits, 3rd ed., New York, John Wiley & Sons, p. 517- 611.

Pirajno, F., 2009. Hydrothermal Mineral Deposits, Principle and Fundamental Concept for the Exploration
Geologist, Springer, p.706.

Putter, T.D., Mess, F., Decree, S., Dewaele, S., 2010. Malachite, an indicator of major Pliocene Cu
remobilization in a karstic environment (Katanga, Democratic Republic of Congo). Ore Geology Reviews
38, 90-100.

Ramdohr, P., 2013. The ore minerals and their intergrowths. Elsevier.

Rocky, M., 2016. Geophysical explorations using the IP & RS methods in the Qaleh Zargar area.

Rollinson, H., 1993. Rising geochemical data: evaluation, presentation, interpretation. Longman John Wiley
and Sons, New York, p. 352.

Shahabpour, J., 2001. Economic Geology, Tehran: Jahad Daneshgahi Press. [In Persian]

Sillito, R.H., 2005. Supergene oxidized and enriched porphyry copper and related deposits. Economic Geology
100, 723-768, https://doi.org/10.5382/AV100.22.

Srivastava, R.K., Singh, R.K., 2004. Trace element geochemistry and genesis of Precambrian sub-alkaline
mafic dikes from the central Indian craton: evidence for mantle metasomatism. Journal of Asian Earth
Sciences 23, 373-389, https://doi.org/10.1016/S1367-9120(03)00150-0.

VEA


https://doi.org/10.2113/gsecongeo.98.4.685
https://doi.org/10.1007/978-3-030-77692-3
https://doi.org/10.1016/j.gca.2005.12.015
https://doi.org/10.2113/gsecongeo.80.2.283
https://doi.org/10.1016/j.gca.2007.04.012
https://doi.org/10.5382/AV100.22
https://doi.org/10.1016/S1367-9120(03)00150-0

a

- . . PRI . A
fo)l.o.w AYA 0)90 4\f’f uw) w)w 60).3)6 gs“"’L““’L}’*‘Q) l”"ﬁdf/’ﬁ‘:’g,’
¥

Stocklin, J., 1968. Structural history and tectonics of Iran, a review. American Association of Petroleum
Geologists Bulletin 52, 1229-1258.

Sumner, J.M., Wolff, J., 2003. Petrogenesis of mixed-magma, high-grade, peralkaline ignimbrite ‘TL’ (Gran
Canaria): diverse styles of mixing in a replenished, zoned magma chamber, Journal of Volcanology and
Geothermal Research 126, 109-126.

Tarkian, M., Lotfi, M., Baumann, A., 1983. Tectonic, magmatism and the formation of mineral deposits in the
central Lut, east Iran, Ministry of Mines and Metals, GSI, geodynamic project (geotraverse) in Iran 51,
357-383, http://pascal-francis.inist.fr/vibad/index.php?action=getRecordDetail &idt=6664522.

Wilkinson, J.J., 2001. Fluid Inclusions in Hydrothermal Ore Deposits. Lithos 55, 229-272,
https://doi.org/10.1016/S0024-4937(00)00047-5.

Winter, J.D., 2014. Principles of igneous and metamorphic petrology, Second edition, Pearson Education
Limited, 737.

Whitney, D.L., Evans, B.W., 2010. Abbreviations for names of rock-forming minerals, American Mineralogist
95(1), 185-187, https://doi.org/10.2138/am.2010.3371.

Yusefzadeh, M.H., Gholami, E., 2003. Geological and petrographic study of lead and zinc mineralization
indices in the Seh Changi—Hoz-e Raees area, Central Iran. Proceedings of the 7th Symposium of the
Geological Society of Iran, Ferdowsi University of Mashhad, Iran. (In Persian)

Zamanian, H., Dolatshahi, S., Yang, X., Karimzadeh, S.A.M., Meshkani, S.A., 2021. Geochemical, fluid
inclusion, and O-H-S isotope constraints on the origin of the Rangraz copper deposit, Central Iran. Ore
Geology Reviews 128, 103877, https://doi.org/10.1016/j.oregeorev.2020.103877.

Zamanian, H., Rahmani, Sh., Zareisahameih, R., 2019. Fluid inclusion and stable isotope study of the Lubin-
Zardeh epithermal Cu-Au deposit in Zanjan Province, NW Iran: Implications for ore genesis, Ore Geology
Reviews 112, 103014, https://doi.org/10.1016/j.oregeorev.2019.103014.

Zarasvandi, A.L., 2007. Atlas of Alteration (Field and Microscopic Study Guide for Hydrothermal Alteration
Minerals). Shahid Chamran University Press, Ahvaz, Iran.

Zheng, Y.F., 1993. Calculation of oxygen isotope fractionation in hydroxyl-bearing silicates. Earth Planetery
Science Letter 120, 247-263, https://doi.org/10.1016/0012-821X(93)90243-3.

Zhang, Y.G., Frantz, J.D., 1987. Determination of the homogenisation temperatures and densities of superficial
fluids in the system NaCl-KCI-CaCl 2-H 2 O using synthetic fluid inclusions. Chemical Geology 64, 335—
345. https://doi.org/10.1016/0009-2541 (87)90012-X, https://doi.org/10.1016/0009-2541(87)90012-X.

\#9


https://doi.org/10.1016/S0024-4937(00)00047-5
https://doi.org/10.1016/j.oregeorev.2020.103877
https://doi.org/10.1016/j.oregeorev.2019.103014
https://doi.org/10.1016/0012-821X(93)90243-3
https://doi.org/10.1016/0009-2541(87)90012-X

