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The Kuh-e-Esfand copper deposit is located in the southernmost part of the
Urmia-Dokhtar magmatic belt. The Oligocene-Miocene intrusive bodies,
ranging from diorite to quartz diorite and granodiorite, are emplaced within
the Eocene volcanic complex. Based on the classification of veins- veinlets,
the main mineralization stage consists of quartz+ pyrite + chalcopyrite
associated with potassic alteration. Based on petrographic studies, fluid
inclusions in quartz minerals are categorized into three main groups and
seven subgroups: 1- Vapor-rich fluid inclusions comprising single-phase
vapor inclusions (V), vapor-rich two-phase inclusions (\VVL), and vapor-rich
inclusions with a opaque phase (VLS), 2- Liquid-rich fluid inclusions
including liquid-rich two-phase inclusions (LV) and liquid-rich inclusions
with a opaque phase (LVS) and 3- Saline fluid inclusions consisting of
simple brine three-phase inclusions (LVH), and multi-phase brine
inclusions (LVHS) containing solid phases of halite+ hematite+ anhydrite+
sylvitex chalcopyrite. The multi-phase saline inclusions with high
temperature and salinity (358-598°C and 42-70 wt.% NaCl equivalent) of
magmatic origin are the primary fluid inclusions forming the deposit. The
two-phase liquid-rich inclusions with lower temperature and salinity (290-
490°C and 11-20 wt.% NaCl equivalent) of magmatic-meteoric origin are
related to the final stages of hydrothermal fluid circulation and mixing with
lower salinity fluids. The temperature decrease due to secondary boiling and
mixing of magmatic and meteoric fluids led to the instability of the chloride
complex carrying copper and subsequent mineralization under favorable
conditions.
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EXTENDED ABSTRACT

Introduction

Porphyry deposits are the major global source of Cu,
Mo, and Re, along with being noteworthy reservoirs
of Au and Ag (Sillitoe, 2010; Arndt and Ganino,
2012; Crespo et al., 2020). Exploration techniques
aimed at optimizing the discovering new deposits are
evolving towards a deeper understanding of ore
genesis. Fluid inclusion studies serve as an enhanced
technique to delineate the nature of ore-forming
fluids and the processes governing deposit formation
(Wilkinson, 2001), alongside other key geological
aspects such as tectonic setting, mineral alteration,
vein structure, ore-forming zones, and metal
transportation and concentration dynamics (Singer et
al., 2002; Sillitoe, 2010; Zajacz et al., 2017).
Extensive studies have examined the
physicochemical conditions, origins, and evolution
of hydrothermal fluids in porphyry deposits globally,
including in Iran, through fluid inclusion studies. The
Kuh-e-Esfand porphyry copper deposit is located in
Kerman province, Iran, approximately 90 kilometers
southeast of Jiroft. Currently, the deposit is under
exploration, and drilling activities are underway to
obtain precise information on the type, composition,
guantity, and economic potential of mineral reserves
for evaluation and extraction purposes. Since fluid
inclusion studies contribute to understanding
hydrothermal processes as mineralizing agents, in
this study focuses on detailed fluid inclusion studies,
including petrography and microthermometry, to
understand the nature and evolution of ore-forming
fluids, as well as the physicochemical processes
influencing mineral precipitation in the Kooh-Esfand
deposit.

Materials and methods

In this study, 15 surface samples and 48 drill core
samples were utilized for detailed investigations,
with BH2, BH3, and BH4 boreholes being drilled at
depths of 506 m, 475 m, and 496 m respectively.
BH2 and BH3 were drilled into the intrusive mass,
while BH4 was drilled into the volcanic unit,
encountering a quartz diorite intrusive mass at 340 m
depth. Among the selected samples, 42 thin section
samples and 11 polished thin sections were prepared
and examined. Petrographic studies of fluid
inclusions were conducted using optical microscopy,
and samples were separated from the veins in

mineralogy and fluid laboratories. Temperature and
salinity parameters of fluid inclusions in quartz
minerals were measured at Pamukkale University in
Denizli, Turkey, and part of it was conducted at
Tarbiat Modares University in Tehran. In Pamukkale
University's laboratory, fine grain size measurements
were carried out using a Linkam THMSG 600 freeze-
thaw stage equipped with an Olympus microscope.
This stage was calibrated using H,O-CO; fluid
inclusions at temperatures of 1.1°C, 0.0°C, and -
56.6°C. The upper and lower temperature thresholds
for fine grain size measurements were 600°C and -
120°C respectively. The heating rate was set at 1°C
per minute for determining the homogenization
temperature or ice melting temperature. At Tarbiat
Modares University, temperature measurements on
sections were conducted using a THMCG600
heating-cooling stage equipped with a Leitz
microscope, with a temperature range of -196°C to
+600°C. Calibration of the stage was performed
using C4H3CHzs at 95°C and KNOs at 335°C.

Result

The study area encompasses three distinct geological
units: volcanic, volcaniclastic, and intrusive units.
The intrusive unit range in composition from diorite
to quartz-diorite and granodiorite. Various alteration
zones, such as potassic alteration, quartz-sericite-
feldspar alkaline * chlorite alteration, phyllic
alteration, argillic alteration, and propylitic
alteration, have significantly influenced the
lithological units in the study area. On the basis of
vein classification, the early stage of mineralization
predominantly is characterized by quartz *
chalcopyrite £ magnetite £ pyrite veins. The main
mineralization stage is characterized by quartz +
pyrite + chalcopyrite veins associated with potassic
alteration and quartz-sericite-alkali feldspar-chlorite
zone. Post mineralization stage is characterized by
quartz-pyrite veins. Due to pressure variations from
lithostatic to hydrostatic conditions, substantial
copper mineralization likely occurred during the
main mineralization stage, with comparatively lesser
molybdenum mineralization observed in quartz-
pyrite-chalcopyrite and quartz-pyrite-chalcopyrite-
molybdenite veins. These mineralization stages,
often accompanied by abundant vapor-rich and
multi-phase fluid inclusions, initiated ore formation
through fluid boiling processes.

Based on petrographic studies, fluid inclusions in
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quartz minerals are categorized into three main
groups and seven subgroups: 1- Vapor-rich fluid
inclusions comprising single-phase vapor inclusions
(V), vapor-rich two-phase inclusions (VL), and
vapor-rich inclusions with a opaque phase (VLS)
(including chalcopyrite, possibly magnetite, and
unidentified opaque phases), 2- Liquid-rich fluid
inclusions including liquid-rich two-phase inclusions
(LV) and liquid-rich inclusions with a opaque phase
(VLS) containing opaque minerals (such as
chalcopyrite and unidentified opaque phases), and 3-
Saline fluid inclusions consisting of simple brine
three-phase inclusions (LVH) containing liquid+
vapor+ halite, and multi-phase brine inclusions
(LVHS) containing vapor+ liquid+ halitex hematitex
anhydrite+ sylvitex chalcopyrite.

Discussion

The relationship between different types of fluid
inclusions in the Kuh-Esfand deposit is established
through detailed petrographic and
micrometerometric investigations. In
microthermometric studies, the relationship between
different types of fluid inclusions, including liquid-
rich, vapor-rich, three-phase, and multiphase
inclusions, is investigated to examine the origin and
evolution process of the hydrothermal fluid. This
investigation is based on variations in
homogenization temperature and salinity content.
By analyzing variations in homogenization
temperature and salinity, these investigations
provide valuable insights into the processes
governing fluid evolution in the Kuh- e- Esfand
copper deposit.

On the basis of the microthermometric analyses, the
observed changes in homogenization temperature
and salinity indicate a systematic decrease from
multiphase fluid inclusions to liquid-rich fluid
inclusions. Interestingly, vapor-rich fluid inclusions
exhibit homogenization temperatures comparable to
the upper end of the temperature range observed in
multiphase fluid inclusions.

Primary fluid inclusions of magmatic origin
encompass vapor-rich inclusions characterized by
elevated homogenization temperatures (330-600 °C)
and diminished salinities (12-22 wt.% NaCl eq.),
multisolid fluid inclusions exhibiting extended

temperature ranges (385-598 °C) and heightened
salinities (42-70 wt.% NaCl eq.), and three-phase
fluid  inclusions  demonstrating  significant
temperature variations (230-590 °C) alongside
elevated salinities (35-65 wt.% NaCl eg.). The
presence of multi-phase fluid inclusions is indicative
of the initial hydrothermal fluids responsible for the
formation of the Kuh-e-Esfand deposit. Conversely,
fluid inclusions of magmatic-meteoric source
encompass liquid-rich inclusions characterized by
homogenization temperatures and reduced salinities
(290-490 °C and 11-20 wt.% NacCl eq., respectively).
This particular fluid inclusion type signifies the
terminal phase of hydrothermal fluid circulation,
characterized by interaction and dilution with lower
salinity meteoric fluids. The depth of the Kuh-e-
Esfand deposit ranges from 0.8 to 1.7 kilometers,
with an average depth of 1.4 kilometers (equivalent
to 1400 meters). This translates to pressures ranging
from 215 to 603 bars on average, with an average
hydrostatic pressure of 412 bars and a lithostatic
pressure of 1112 bars.

In the Kuh-e-Esfand deposit, fluid inclusions exhibit
a sequence of influential processes, including
secondary boiling phenomena, fluid immiscibility,
the interaction of magmatic fluids with meteoric
waters, and isothermal mixing, throughout the
hydrothermal fluid evolution. Vapor-rich fluid
inclusions, characterized by the presence of opaque
minerals (e.g., chalcopyrite), are infrequently
observed in the Kuh-e-Esfand deposit, suggesting
that the brine phase predominantly facilitates the
transport of copper metal. Finally, the decrease in
temperature due to secondary boiling and mixing of
magmatic fluids with meteoric fluids has led to the
destabilization of the chloride complex, the primary
carrier of copper in the studied deposit, and its
deposition under favorable conditions.
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Fig. 1. A: The structural geology map of Iran and the location of the Kuh-e-Esfand deposit, B: Simplified geological map of
the Kuh-e-Esfand region, south of Jiroft (modified map excerpted from the comprehensive mining report (Taghipour et al.,
2020), and C: A geological cross-section along AA' located on the geological map of Kuh-e-Esfand region (B)
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Fig. 2. field photograph of lithological units in the Kuh-e-Esfand deposit:: A: an outcrop of andesite porphyry unit, B: showcases of

intrusive quartz diorite porphyry, and C: an exposure of a cross-cutting dike in the intrusive diorite porphyry
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Fig. 3. Microphotographs of lithological units in the Kuh-e-Esfand deposit. A: Microphotograph of the porphyritic texture
of an andesite unit, showcasing phenocrysts of plagioclase and coffee-colored hornblende, B: Microphotograph of diorite
unit with a granular texture composed of zoned plagioclase, biotite, alkali feldspars, and hornblende, C: Microphotograph
of quartz diorite with a porphyritic texture consisting of coarse rectangular-shaped magmatic biotite grains and re-
equilibrated flaky-like biotite, zoned plagioclase, chloritized amphibole along with alkali feldspar in the fine-grained
quartz diorite background, D: Presence of magmatic rectangular-shaped biotite (Btl), oxidized biotite (Bt2), re-
equilibrated phyllitic-like coffee-colored biotite (Bt3), and scattered secondary biotite grains in the background of quartz
diorite, E: Presence of magmatic rectangular-shaped biotite along with sericitic plagioclase in the quartz diorite, and F:
Granular texture composed of plagioclase, quartz, hornblende, pyroxene, and orthoclase in the granodiorite unit.
Abbreviations after Siivola and Schmid (2007) (Afs: Alkalifeldspar, Am: Amphibole, Bt: Biotite, Chl: Chlorite, Or:
Orhoclase, Pl: Plagioclase, Px: Pyroxene, Qtz: Quartz, and Ser: Sericite, Hbl: Hornblende).
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Fig. 4. Field photograph of hydrothermal alterations of kuh-e-Esfand deposit
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Fig. 5. Field and microphotographs depicting the encompassing alterations in the Kuh-e-Esfand deposit. A: Field photograph
illustrating phyllitic alteration within the intrusive mass, B: Field photograph displaying propylitic alteration in the intrusive
mass, C: Microphotograph revealing the transformation of amphibole to biotite during the potassic alteration event within the
quartz diorite unit, D and E: Microphotographs indicating phyillitic alteration with the presence of minerals such as quartz,
sericite, muscovite, chlorite, sericitized alkali feldspars, and pyrite mineralization within the quartz diorite unit vein.
Abbreviations after Siivola and Schmid (2007) (Am: Amphibole, Bt: Biotite, Chl: Chlorite, Qtz: Quartz, Py: Pyrite, Ms:
Muscovite, Afs: Alkalifeldspar Ser: Sericite).
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Fig. 6. Cross-sectional photograph and location of drill holes BH2, BH3, and BH4 in the Kuh-e-Esfand deposit and the
geological, alteration, and mineralization relationships based on the information from the drilled holes in the quartz diorite
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Fig. 7. Field photograph of different types of mineralization in the Kuh-e-Esfand. A: Image showing a 2-meter long and half-
meter thick siliceous vein, B: Field photograph of mineralization occurring as vein-veinlet or stockwork, and C: Field
photograph of the occurrence of a breccia texture with a background of iron oxides in the center of the ore deposit
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Fig. 8. Hand specimen Photograph of the types of classified vein- veinlets as A, M, B, C, D, and L in the quartz diorite unit of
the Kuh-e- Esfand deposit. A: Sample No. (S-BH2-D367) with two types of veins, A Type (barren quartz vein) and M Type
(quartz * chalcopyrite + magnetite), B: Sample No. (S-BH2-D462) with the presence of M Type veins (quartz + pyrite +
chalcopyrite + magnetite and fine magnetite veinlet), C: Sample No. (S-BH2-D264) with B Type veins (quartz + chalcopyrite
+ pyrite), D: Sample No. (S-BH2-D139) with C Type veins (quartz + pyrite = muscovite * chlorite), E: Sample No. (S-BH2-
D228) with two types of veins, B Type (quartz + pyrite + chalcopyrite) and D Type (quartz * pyrite + sericite), F: Sample No.
(S-BH4-117) with D Type veins (quartz + pyrite), and G: Sample No. (S-BH4-D118) with L Type veins (calcite)
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Fig. 9. Photographe of fluid inclusions of primary, secondary, and pseudosecondary types in the Kuh-e-Esfand deposit.
A: Presence of primary fluid inclusions in an accumulative and scattered individual form, B: Pseudosecondary primary
and secondary fluid inclusions, and C: Linear trend of secondary fluid inclusions in two adjacent quartz minerals along
with scattered grains of primary fluid inclusions. (P: primary, S: Secondary, PS: Pseudosecondary)
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Fig. 10. Schematic diagram of the classification of various fluid inclusions in the Ku-e-Esfand deposit based on the
classification by Alireza and colleagues (Ulrich et al., 2001)
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(a st
Fig. 11. Petrography photograph of the fluid inclusions of Kuh-Esfand deposit. A: Vapor single-phase fluid inclusion, B:
Vapor-rich two-phase fluid inclusions, C and D: Vapor-rich three-phase inclusion with opaque phase (VLS) (Chalcopyrit
and probanly Magnetite), E: liquid-rich two-phase fluid inclusion (LV), F: Liquid-rich phase fluid inclusion with opaque
phase (LVS) and G: simple brine fluid inclusion (LVH), H and I: Brine multiphase fluid inclusions (LVHS).

Abbreviations after Siivola and Schmid (2007) (V: vapor, L: liquid, O: opaque, H: Halite, He: hematite, Cpy:
Chalcopyrite, Anh: Anhydrite and U: unknown).
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Table 1. Summary of Characteristics of homogenization temperature, salinity, pressure and depth in types of fluid inclusions of
Kuh-e-Esfand deposit. Th (vapor) = homogenization temperature to vapor, Tm (halite) = melting temperature of halite, Th (Total)
= total homogenization temperature to vapor, Tm (ice) = melting temperature of ice, Te (eutectic) = first melting temperature

Sample Type Th (vapor) (°C) Tm (halite) (°C) Th (Total) (°C) Tm (ice) (°C) Te (eutectic) (°C)
P inclusion range  average range average range  average range  average range  average
Brine inclusion

SBH2D462  Multi-phase
SBH3D346 brine
SBH3D462  inclusion 356-598 492 650 409 3H358 501
SBHDE6  (L+V+H+S)
SBH>D28 N (19)
SBH2DBE6  Simple brine
SBH3D346  inclusion
SBH3DI3L  (L+V+H)
ST-BH3475 N (17)

5150 446 X050 342 3050 462

Vapor-rich and liquid- rich inclusion (Two — phase)

SBHD367

SBH2D%6 Simple

SBH3DI131 V-rich 330-600 461 e e 33060 461 97195 145

SBH3D346 N (33)

SBH3DAS

SBH2D367

SBH>DE6 Simple

SBH3D13L L-rich 209-490 378 e e 20490 378 5-18 126 45-b7 53

SBH3D346 N (21)

SBH3DAS

sample - Typ_e Density (g/cm?) Salinity (wt.%%6) Preasure (bar) Depth (km)
inclusion range  average range average range  average range  average

SBH2D42  Multi-phase
SBH3D346 brine
SBH3DAR2  inclusion 09-13 102 4270 49 2070 442 0927 17
SBHDEB  (L+V+H+S)
SBHD228 N (29)
SBH2DE6  Simple brine
SBH3D346  inclusion
SBH3DI3L  (L+V+H)
STBH3475 N (17)

0811 098 3565 42 102 390 0619 15

Vapor-rich and liquid- rich inclusion (Two — phase)

SBH-DX7

SBH2D%6 Simple

SBH3D131 V-rich 06-08 0.7 12-22 18 2095 603  09-35 23
SBH3D346 N (33)

SBH3DAB

SBH>-DX%7

SBH>DAE6 Simple

SBH3D131 L-rich 051 08 11-21 17 15-488 215 0118 08
SBH3D36 N (21)

SBH3DAB
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Fig. 12. Histograms of microthermometric studies of simple vapor-rich fluid nclusions of Kuh-e-Esfand deposit. A:
Histogram of Homogenization temperature, B: Histogram of Salinity, and C: Histogram of last ice melting temperature

12 12
~ 10 @ <= ~10
z < z
= s = 8
Q@ 9
§ 6 5 6
' S 4
= 2 = 2
o 0
<200 200 250 300 350 400 450 500 11 13 15 17 19 21
Homogenization Temperature (C) Salinity (wt.2NacCl eq.)
12
_10 |(©
= 8
5 6
-
g 4
=~ 2
0 I
-4 -6 -8 -10 -12 -14 -16 -18
Last ice melting Temperature (C)

Q‘):.n )‘3}4.: B ‘;.L:eui.ua 6[.&: )‘3}4.: .A Ll a; )Lwlf (LV) GLA )‘ 6‘; dl.;_ml 6\.&)\:0[:# WL&:JL} or LQLAJ‘:}«.: .1“’ JL‘B

'C.)}li&ij’.T‘?ﬁséL")"}*; C s
Fig. 13. Histogram of microthermometric studies of simple liquid-rich fluid inclusions (LV) of Kuh-e-Esfand deposit. A:
Histogram of Homogenization temperature, B: Histogram of Salinity, and C: Histogram of last ice melting temperature
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Fig. 21. Evolution trend of hydrothermal fluid in the Kuh-e-Esfand copper deposit based on fluid inclusion studies. A:
Homogenization temperature-salinity diagram (Wilkinson, 2001), to determining the influential processes in fluid evolution
and ore deposition, and B: Schematic image of various fluid inclusions in the homogenization temperature-salinity diagram
(Wilkinson, 2001). The directions indicate the overall trend illustrating the combined effects different processes on fluid

evolution in the Kuh-e-Esfand copper deposit.

DOI: 10.22067/econg.2024.1108

Y A‘)LQ-:J \# 0,93 AFeY ‘ébLAﬁ‘ ‘fuuu:.aj

14y


https://doi.org/10.22067/econg.2024.1108

e Lkl 087 (6 b5y e lolin 53 glo 8 Sl gl 5 58 JalSS

Q‘)lgﬂ}dwﬂ

334 el & (5 Jlw slasbobe Lol ea YU 5555 L (656
38 (56 ST 5 58 5l (5 93 dw Jlobe s
Jlw 03lel> & 03Ol (B A-YY JK8) s o odalie
LSl i b S lae SV LYt pde 5 456 2 g Jl 5o
Cline and Bodnar, 1994; Drummond and Ohmoto, )
Gl S ol d o 53 LK uils” oYL 5 (1985
(Ulrich et al., 2001; Bouzari and Clark, 2006)

g;.w\ Law! ajf )Lw.;‘.f)b

Yapor

> &

. Simple Liquid: rich

Py

15pum

P03 bt 58 L Ll 8 eSO A Al 3
Lyl 5 51,08 js Jla S8 5 Oyl a3 Sl s
=L (Cunningham, 1978) ¢Stk g yun 4 ¢Sl 52
,weﬂﬂggg@lﬁﬁ)@w,jw;\
53 oo S8 55l &K Olie 4 glo S SV S 5 aos
Wy b oo a8 b 53 LaamS ) —a8 ;) 3 e S B0
() KK gla ) > (Zarasvandi et al., 2013)

A a5 b HLOLs 5 el -5 Jlw la)bObe (s jon

Multiphase brine

B;,us,;ﬁfgm)am;ow@@;u¢<;‘_;LA)L.QL_,L_@\;.\;?)}_:Jp‘su)\fog‘&)\ﬁﬁ;\&;ﬂ,&ﬁﬂ::B,A.rer

Ll

Fig. 22. A and B: microphotography showing the coexistence of multiphase brine fluid inclusions with vapor fluid
inclusions indicative of boiling events of Kuh-e-Esfand deposit

J‘J}A.; DL uLR...»I‘ o;w)t__m.;ls Lg)bv\.? )‘5__.:2‘ L;LA)LQ\:A
Came 93 au\_&dﬁfaj‘-\}‘ Sy YV Jg_;;) bs— gy
OVl b a4 Ll 5 0 S das e 0L et
Ol ses wlul , .(Zhang et al., 2012) Lys J—ol>

S s K slos sdaslis oy e b 5 s &y slaobob

rf‘jjéf))éf}:.w‘dbbsgb;&ﬁaﬂj‘a\ja)w
DS 585 Sn 5 2l e Sla sy 2 3 BenS =
u:._&‘?- J..l\ﬂjiv\_:- el a;

L;Lkw‘)ﬂ DL RS

o3l 5 slasloke G 51 b 5 mlo Sl 8 s5bss

DOI: 10.22067/econg.2024.1108

\aF

Y oyl VP o950 NPV (ool wuw.a)


https://doi.org/10.22067/econg.2024.1108

o il 0T (58 gy e el 3 o B Ul Lt 5 53 JoSS O 5 Glabe

POV 555 L g5 slasbobs (Bodnar, 1994) ol e slaboke 31 (51 vl (658 56 0 somn L 6T ol
oot Ji (sla S35 (plab 6K Uslan (55505 o3 Ve B S0k Colla il s (VL (650 i iomnn 5 (556 4
GLSL 3l ol S oV ol oSt (5l S L ks e 4S8 el CIls IVl Lol jen LT olg S5 -Kea
Alos S 1, YL Les Bodnar and ) S i - 55 HLis OV o sdiasol i

SBe 5B L sl pus 5 (Vityk, 1994; Becker et al., 2008

80
70
60 -
50 -
40 |
30

giE

<Cy>| m Simple vapor-rich inclusion
(o> | ® Simple liquid-rich inclusion 20 |

A Simple brine inclusion 10 .
9 Multiphase brine inclusion 0

ty (wt.%NacCl eq.)

1mni

Sal

100 200 300 400 500 600 700

Homogenization Temperature (C)

oz 553 il (sls s il 0 87 LIS s (Wilkinson, 2001) S Sen (slos =555 3305 3 o (Sl k0o pll oo T IS
L}&L@ouof@6L.>;p,,a\,@65?_.),,55‘5&@):8\,5&4%;,”,36;€q,>guwg&l«;guﬂﬂémoaﬁdﬂégf
.@\@tfgn?g.\;,,ugquouﬁ@wrﬁo.mowg),auw)af)bssu4}~;.¢..ﬂ|¢.;udy>¢l
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disappearance of the gas bubble, while samples above the sloping line indicate the homogenization temperature coinciding with
halite dissolution. Samples placed on the sloping line indicate simultaneous disappearance of halite and gas bubble.
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Table 2. Comparison of Kuh-e- Esfand copper deposit with some porphyry copper deposits on the Kerman magmatic belt

Indicator Kuh-e- .
propertices Esafand Sarcheshmeh Meyduk Sarkuh ljo Parkam
Cugrade (ut 023 064 082 026 031 016

%)
Diorite, Granodiorite, D|or|_te,_ Granite, Quanz(_jlo_rlte, D |or|_te,_

Host rock Quartzdiorite  Quartzmonzonite Quartzdiorite, Granodiorite Granodiorite to Microdiorie,

Granodiorite Granite Quartzdiorite
- Py, Cpy, Mag, Cpy,Py,Mag, Py, Cpy,Bn, Py, Cpy, Mo,
Ore minerals Mo Cpy, Py, Mo, Bn Mo Cc, Sp, Jar Mag Cpy, Py, Mag
Potassic rich of Potassic
Potassic, Qz- Potassic mag, Potassic, Potassic, Potassic: Potassic, Biotitic,
. Ser-Afs-Chl, L Potassic- Potassic- . . Potassic- Phyllic,
Alteration . - Propylitic, i . . Phyllic, Phyllic, . -
Phyllic, Argillic, . - Phyllic, Phyllic, Phyllic- - Phyllic, Argillic,
I Phyllic, Argillic L - Propylitic, L
Propylitic Propylitic, Aurgillic Availlic Propylitic
Phyllic, Argillic g
Fluid source Magmatic- Magmatic- Magmatic- Magmatic- Magmatic- Magmatic-
Metoric Metoric Metoric Metoric Metoric Metoric
Tem(i"ecr)at“re 290-598 144-464 276-482 132-527 *142-480 187-505
Salinity
(Wt.% NaCl 11-70 29571 9.39-56 *4.752.9 *0.18-52.99 1-59
eq.)
Depth (km) 14 475 251 0.85 *35 23
Presure (bar) 215-603 400-700 232-300 500-700 500-700
(Wﬁg]ni]?:nand (Zarasvandiet ~ (Aghazadeh et (Mohammadi
o (Taghipour, al., 2020; al., 2015; Qacab and
References Current study Maar?i?gj’et al 2007) *Malekshahiet  *Golestani etal., Taghipour,
2012) al., 2023) 2017) 2011)
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