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1-Introduction

The north Varzaneh prospect, situated in the central segment of the Urumieh-Dokhtar Magmatic Arc
(UDMA), is recognized as a host of epithermal mineralization. With its Eocene volcanic and volcaniclastic
host rocks, this region represents an important deposit influenced by subduction-related magmatism and
hydrothermal activity. Previous studies on the UDMA emphasize its potential for hosting significant
deposits of copper, gold, and associated base metals (Agard et al., 2005). The study aims to unravel the
geological, geochemical, and structural controls on mineralization in the region, providing insights into the
ore-forming processes and their implications for regional metallogeny.

2-Materials and methods

A comprehensive approach was adopted, integrating field mapping, petrographic studies, and geochemical
analyses. Geological mapping at multiple scales (1:25000 to 1:1000) delineated lithological units and
structural features. Geochemical sampling included 109 XRD analyses, 244 ICP-MS tests for rare earth
elements, and over 7000 ICP-OES and Fire Assay analyses for major and trace elements. Micro
thermometry analyzed Fluid inclusions for salinity and temperature, while isotopic studies (3'*0 and &*S)
provided insights into fluid origins and interactions. Mineralogical investigations identified hydrothermal
alteration patterns, with a focus on silicic, argillic, and propylitic zones.

3-Results and discussions

The host rocks, comprising Eocene volcanic units, exhibit extensive hydrothermal alteration,
predominantly silicification, argillic alteration, and localized propylitization. Fluid inclusion data reveal
moderate salinity (7.31-15.76 wt.% NaCl equiv.) and high temperatures (162—-511°C) in fluid inclusions,
suggesting a magmatic and meteoric fluid mixture (Sillitoe, 2010; Wilkinson, 2001). Mineralogical
analyses reveal the presence of sulfide minerals, including pyrite, chalcopyrite, enargite, and sphalerite, as
well as gold and silver. The paragenetic sequence illustrates a transition from propylitic to advanced argillic
alteration, consistent with high-sulfidation epithermal systems. Structural studies have revealed that
fractures and faults play a crucial role in controlling fluid flow and mineral deposition. The enrichment of
copper, gold, and silver is spatially associated with zones of intense silicification and structural
intersections, reflecting the interplay between tectonics and hydrothermal processes.
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4-Conclusion

The integration of geological, geochemical, and isotopic data confirms the high-sulfidation epithermal
nature of the deposit in the Varzaneh prospect. The findings highlight the influence of magmatic arcs on
mineralization, with structural controls and hydrothermal processes playing pivotal roles in ore deposition.
This study suggests that boiling and fluid mixing are key processes in the deposition of ores. (Goudarzi et
al., 2025). Moreover, it contributes to understanding UDMA's metallogeny, providing a framework for
exploring similar systems globally and supporting the region's sustainable development of mineral
resources.
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Table 1. Characteristics of several epithermal deposits in the Urumieh-Dokhtar magmatic arc.

Ore
Deposit
Name

Chah
Zard

Chodarc
hay

Lubin-
Zardeh

Govin

Kalchuy
eh

Chah-
Mesi

Atash-
Anbar

Mamuni
yeh

Hajibola

gh-
Zalibola

gh

North
Varzane
h

Mineralizatio
n Type

Low to
Intermediate

High-
Sulfidation
Epithermal +
Porphyry

Low-
Sulfidation
Epithermal

Low-
Sulfidation
Epithermal

Cu-Au

Low-
Sulfidation
Epithermal

Au-Ag

Intermediate-
Sulfidation
Epithermal

Intermediate-
Sulfidation
Epithermal

Low-
Sulfidation
Epithermal

Cu

Intermediate-
Sulfidation
Epithermal

High-
Sulfidation
Epithermal

Host Rock

Volcanic
breccias

Volcanic-
pyroclastic
rocks and
intrusive
bodies

Quartz
monzonite,
crystal tuffs

Eocene
volcanic
rocks, quartz-
monzonite,
granodiorite,
diorite

Middle
Eocene
volcanic
rocks
(andesite,
rhyolite)

Basaltic to
dacitic
volcanic
rocks,
pyroclastics

Dacitic
crystal tuff,
andesitic tuff,
andesite
porphyry

Eocene
volcanic
rocks,
monzodiorite
, gabbro

Eocene
volcano-
sedimentary
rocks

Eocene
volcanic
rocks,
monzodiorite

Alteration
Types

Quartz,
adularia, illite,
calcite

Potassic,
propylitic,
sericitic,
argillic,
advanced
argillic, silicic

Sericitic,
argillic, silicic

Propylitic,
phyllic, argillic,
silicic

Silicic, sericitic,
propylitic,
carbonatization

Silicic, sericitic,
argillic,
advanced
argillic,
potassic,
propylitic

Silicification,
sericitization,
propylitization,
argillic

Silicification,
argillic, sericitic
(phyllic),
chloritic

Silicification,
sericitization,
argillic,
propylitic

Silicification,
sericitization,
argillic,
propylitic

Ore Minerals

Pyrite, arsenian
pyrite, chalcopyrite,
sphalerite, galena,
electrum

Chalcopyrite, pyrite,
galena, sphalerite,
enargite, covellite,

bornite, gold

Chalcopyrite, pyrite,
galena, sphalerite,
native gold, silver

Quartz, adularia,
chalcopyrite, pyrite,
bornite, galena,
sphalerite, covellite,
malachite

Pyrite, chalcopyrite,
galena, sphalerite,
native gold

Pyrite, chalcopyrite,
tetrahedrite,
sphalerite, galena,
electrum, sulfosalts
(e.g., pearceite)

Chalcopyrite, pyrite,
sphalerite, galena,

native gold, electrum

Pyrite, chalcopyrite,
bornite, magnetite,
hematite, specular

hematite

Chalcopyrite,
bornite, chalcocite,
arsenopyrite, pyrite,

malachite, azurite

Chalcopyrite, pyrite,

galena, sphalerite,
enargite, covellite,
bornite, gold

Oxygen

Isotope

Values
(3'*0 H20)

+3.4 to
+13.1

Not
reported

9.56 to
12.77
(Stage I);
7.23 to
9.24
(Stage 1)

Not
reported

+0.7 to
+1.5
(Stage I); -
2.0to-1.2
(Stage II);
-4.0t0-3.9
(Stage IIT)

Not
reported

+4.9to
+11.1

+6.08 to -
0.50

Not
reported

+0.8+0.2

Sulfur
Isotop
e
Value

S
(8S)

Not
report
ed

Not
report
ed

Not
report
ed

-2.5
to
+1.4

Not
report
ed

Not
report
ed

+1.1

+5.7

Not
report
ed

-2.7
to
+4.8

24
to -
0.4

Fluid
Inclusion
Salinity (wt%
NaCl equiv.)

8.4-13.7

Not reported

4.07-13.98

2.5t037.04

33t07.6
(Stage I); 5.5
to 10.7
(Stage II);
1.3t04.7
(Stage III)

1.2t09.9
(sphalerite);
2.1t09.2
(quartz)

10.7-14.8

(Type I);
14.6-15.5

(Type II)

1.7t0 11.7
(fluid
inclusion
types vary)

10.4-29.7
wt% (varies
by phase)

7.31-15.76

Fluid Inclusion
Homogenization
Temperature (C)

262-345

Not reported

127-327

146-366 (average
~236)

235-308 (Stage I);
205-257 (Stage
1); 174-217
(Stage I1I)

210 (sphalerite);
260 (quartz)

233-286 (Type I);
243-281 (Type IT)

185 to 195
(averages for
veins)

165-398 (varies
by phase)

162-511
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Fig. 1. Geological map and schematic location of the area in the Urmia-Dokhtar magmatic arc; boreholes drilled in the

area are shown in green symbols.
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Fig. 2. (a) A view of the rhyolitic-dacitic lapilli tuffs of the Et unit, (b) View of ignimbrite tuffs in the Eta unit, (c) outcrop
of dacitic rocks (dc unit) in the southwest of the area, where siliceous veins intersect the dacitic rocks, (d) Porphyritic
texture in porphyritic monzodiorite rocks of the northern exploratory area, with coarse-grained plagioclase and amphibole
crystals clearly visible in the rock matrix, and (e) Perspective of the porphyry monzodiorite massif in the north of the

prospect (unit md). The Et and Eta tuff units are visible around the massif. The argillic altered tuffs of the Et unit are

visible in the center of the image.
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Fig. 3. Simplified map of siliceous veins, zones, and alterations in the north Varzaneh prospect. In the map, veins are

classified and numbered into three zones based on the geographic location and host rock.

YYA



a

K . A & P . Lx
Y O)LQ.w NO 0,99 AfF-fF )t‘:'.’.L’ 4.«..9).“..._: 60).3)[5 ‘Swla-wu-ﬁ-@) ;"ﬂdij:lél’
¥

05, Jod 59 45k3 (@) yrga 1 ¢ ki S, 5 55,55 L 6l il (€ 5 b @) Jlad 4 dihate o erkiws sloaS, il -F ISs
(S — s oS3l by e ,T slet s 5l Sled (F 5 ©) cailaie 5,5 giz 3o gl 45, 45 loyim il () canl hlei pnilns
ks S04z 5 (1) Bt axly sl pp Bg5 50 (o sloazS ) () o )8 Cgizr )0 (ol 0355 (oSt 15 (ks sloaxS, (@)
s (slo a3 5l Hled g0 (K) g ddlate G sz 0 Bt sty gl peniSl abbll cudiws sloan ) () (sl slo S ;o S50l

odgame ()8 (i o &ly Ko (995 50
Fig. 4. Textures of siliceous veins in the north Varzaneh prospect. (a, b, and ¢) banded or crustiform texture in siliceous
veins, with (a) showing the crystallization of two generations of siliceous veins, (d) Vuggy texture in a siliceous vein in
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in dacitic rocks, (j)Siliceous veinlets cutting through ignimbrites of the Eta unit in the northern part of the area, and (k) A
view of the siliceous veins in Zone 1, located in the western part of the area.
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Fig. 5. (a) Silicification and sericitization (phyllic alteration) accompanied by pyrite mineralization, (b) Formation of
crystal assemblages including chlorite, epidote, and calcite (propylitic alteration), (¢) Embayed quartz and sericitic
alteration, (d) Siliceous vein with diaspore and alunite, (¢) Two distinct generations of pyrite mineralization, (f)
Decomposition of chalcopyrite into chalcocite and covellite, (g) Amorphous gold particles within altered plagioclase and
fractures, (h) Pyrite (yellowish-white) associated with enargite (light gray) in a siliceous-carbonate vein, (i) Chalcopyrite
appearing amorphous, often coeval with sphalerite, occasionally replaced by bornite and covellite, and (j) Mineralization
of sphalerite, galena, chalcopyrite, and pyrite. abbreviations for mineral names is taken from (Whitney and Evans, 2010)
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Table 2. Table of mineral paragenesis in the north Varzaneh area

Stage 1: Magnatic Stage 2: Propylitic

Minerals Mineralization Alteration
Early Magmatic Early Hydrothermal
Quartz e - mmmemem
K-Feldspar Y LT T )
N
Actinolite [ ——
Chlorite - -mmmm-
Pyrite
Chalcopyrite
Sphalerite
Galena
Enargite
Kaolinite
Illite

Pyrophyllite
Alunite
Covellite
Chalcocite
Cuprite
Malachite
Azurite
Goethite
Limonite
Hematite
Native Gold (Au)
Diaspore
Natroalunite

Siderite

- - - - - Strong Presence

Stage 3: Silicification

and Sericitization
Silisification

= = = = = = = |ptermediate

SETe Rl Stage 5: Supergene

Epithermal ;
Mineralization oy
Epithermal Supergene

.................... Weak Presence
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Fig. 6. Correlation diagram of concentration values for Cu and As.

Cl Chondrite Normalized REE Patterns

ClI Chondrite Normalized Concentration
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Rare Earth Elements (REE)
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Fig. 7. (a) Trace elements spider diagram normalized to primitive mantle (based on Sun and McDonough, 1989) for
volcanic rocks , and (b) CI chondrite-normalized REE diagram for the studied samples, showing significant enrichment
of LREE relative to HREE and the presence of a negative Eu anomaly. Such patterns indicate fractionation processes

related to hydrothermal fluids, the influence of redox conditions, and the role of magmatic sources in the deposit
formation.
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Fig. 8. (a) Ta vs. Th diagrams (Gorton and Schandl, 2000), (b) Zr vs. Y diagram for tectonic setting discrimination (Miiller
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Table 3. Statistical parameters calculated for data obtained from geochemical analysis of elements in the prospect

Element Anal¥s1s Nbr. (?f Minimum | Maximum Median Mean
(ppm) Technique | observations
Au(ppb) - 7767.877 5 26.776
Ag 0.140 500 2 1.832
Al 442 167742.033 | 75931.771 | 67316.992
As 0.010 47218.800 34.327 191.853
Ba 12.154 8501.046 607.326 659.306
Ca 120 250000 6377.140 | 13860.718
Cd 0.150 77.325 1 1.366
Ce 1 183.952 47 48.792
Co 1 653.915 9 15.238
Cr 1 202.666 29.041 39.963
Cu 1 41868.030 36.563 631.399
Fe 0.100 337843.296 | 29323.900 | 39709.726
Ga 1 42349 16.141 834.275
K 100 76515.699 | 20505.549 | 22331.630
La 1 89.968 25.078 25.143
Li 1 351.256 16.788 23.994
Mg 0.020 58344.600 3804 6977.574
Mn ICP-OES 6925 0.020 59672.648 689.163 1236.377
Mo 0.374 65.181 2.604 3.001
Na 161.240 | 46273.400 | 10172.369 | 12792.342
Ni 1 1109.896 14.415 19.249
P 10 5000.987 675.832 723.274
Pb 1.000 7925.027 57.555 161.642
S 0.030 139692.000 | 3664.500 | 7994.302
Sb 0.100 10111.000 1 14.064
Sc 0.500 39.800 1.800 3.441
Th 5 22.100 7.800 8.484
\ 1 530.000 14.636 34.399
Y 0.500 54.900 7 7.502
Yb 0.200 5.700 0.700 0.913
Sr 15.023 3071.654 299.287 400.782
Ti 50.843 9120.956 2164.191 | 3060.791
\ 1 5755.034 63.000 121.897
Zn 1 15289.861 107.000 220.754
Zr 30.322 122.600 63.121 62.131
La 9 55.709 33.184 30.414
Ce 18 114.401 67.999 62.104
Pr 2.320 11.168 6.151 6.080
Nd 8.200 33.918 19.529 19.870
Sm 0.680 6.523 3.617 3.564
Eu 0.151 1.520 0.370 0.430
Gd 0.990 4.968 3.098 3.073
Tb ICP-MS 244 0.157 0.643 0.418 0.409
Dy 0.600 4.699 2.464 2.471
Er 0.300 2.400 1.492 1.492
Tm 0.100 0.348 0.221 0.217
Yb 0.050 2.899 1.740 1.782
Lu 0.100 0.500 0.234 0.231
Sc 1.497 31.400 2.396 3.195
Y 3.200 24.185 11.615 11.799
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Table 4. A summary of the types of fluid inclusions, their characteristics, and behaviors in the samples analyzed.

Sample
No.

S-01A

S-01B

S-02

S-03

S-04

Average
Salinity

11.83

12.05

12.24

12.39

9.25

Average

Th

347.2

366.9

332.8

326.8

202.6

Types of Inclusions

Single-phase
vaporeous

Two-phase liquid-
rich
Two-phase vapor-
rich
Single-phase
vaporeous
Two-phase liquid-
rich
Two-phase vapor-
rich
Single-phase
vaporeous
Two-phase liquid-
rich
Two-phase vapor-
rich
Single-phase
vaporeous
Two-phase liquid-
rich
Single-phase
vaporeous
Two-phase liquid-
rich

Features and Size

Single-phase: 5-12 microns,
spherical and oval, dark

Liquid-rich: 5-20 microns,
irregular and negative crystal

vapor-rich: 5-15 microns

Single-phase: 2-10 microns,
oval and negative crystal
Liquid-rich: 5-18 microns,
oval and irregular

vapor-rich: 5-10 microns

Single-phase: 5-15 microns,
irregular
Liquid-rich: 5-18 microns,
vapor 5-30%
vapor-rich: 8-15 microns,
vapor 70-90%
Single-phase: 2-18 microns,
negative crystal and oval
Liquid-rich: 5-20 microns,
oval and scattered
Single-phase: 2-8 microns,
irregular
Liquid-rich: 5-10 microns,
vapor 10-30%

Occurrences and
Behaviors

Peripheral boiling with
coexistence of single-
phase and two-phase
High homogenization

temperature, low salinity

Single-phase: scattered
and tail-like
Two-phase: often
isolated

Single-phase: mostly
scattered
Two-phase: often
isolated

Single-phase: scattered
Two-phase: isolated
Single-phase: scattered

Two-phase: isolated
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Fig. 9. (a) Single-phase gas fluid with gas-rich two-phase, (b) Single-phase gas fluid, (c) Liquid-rich two-phase fluid, and

(d) Liquid-rich two-phase fluid.
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Fig. 10. (a) The frequency distribution diagram of homogenization temperature (°C) for 58 studied fluid inclusions,
indicating different fluid phases, including L+V (liquid and vapor) and V+I (vapor and another phase). The highest
frequency is observed at a temperature of around 300°C, representing the dominant homogenization conditions in this
system, (b) The frequency distribution diagram of salinity (weight percent NaCl equivalent) for 58 samples, indicating
different fluid phases, including L+V (liquid and vapor) and V+I (vapor and another phase). The highest frequency is
within the salinity range of 12—14 weight percent NaCl equivalent, reflecting the dominant chemical conditions of fluid

inclusions in this system, and (c) The histogram of final ice melting temperature (Tice) for fluid inclusions.
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Fig. 11. (a) Salinity (Wt% salt equivalent) versus homogeneity (C) plot showing typical ranges for fluid inclusions from
different deposit types (Wilkinson, 2001). The position of data points on this plot can provide insights into the origin and
evolution of ore-forming fluids, and (b) Pressure-salinity diagram (weight percent NaCl equivalent) indicating the
formation conditions of vapor, liquid, and mixed (liquid + vapor) phases at various temperatures (300—600°C). (Bouzari
and Clark, 2006)
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Table 5. Sulfur isotope values (8**S %o) in various sulfide samples

Sample Value (83*S %o vs VCDT) | = 1o
SO6-S.1(Pyrite) -1.9 0.1
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SO9-S.1(Pyrite and Enargite) -2.4 0.0
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Fig. 13. (a) The range of sulfur isotope values in the north Varzaneh region compared with various sources, including
evaporitic sulfates, seawater, sedimentary rocks, metamorphic rocks, granitic, and basaltic sources. diagram adapted from

Hoefs (2018), and (b) Comparison of oxygen isotope values in sample SO8-0O.I with major geological reservoirs. diagram
adapted from Hoefs (2018).

Sl oYl THS slopllas nlu aule iy, Jleis Hils Lol Joo-#-F
03,5 45,555 |y B 518 00 58 Soblos eVl ce s a5 slopllas glgl Gl olpl jo 130 - amg)l SlSle LS
Slansls iiS e gl buls o e Glow b g sl )Luils Sldllae o)y ool HS 4 IS LS Jlo 5 !
2 e pe el sal LS (Sillitoe, 2010) HLlsT w)jel> abgele ¢ omeol> i ddlaie galS
SIS Saie o e Glo S slogsy b s Jlok 3ty (cla Tiss b dslie 5 5,5, 5 3,2 es s g2llS
4yt (o) S sTS 258 e iy el THS coale S5 Ll Gl Gl Sl w459 Jled s plals
Vo b goad aseine L 35165 g eSS wesglT b aS 5 oyl slaawsT sbfin o LS ol 0,5 salys
olis LSl 802 5l 6 slagls 5l as Y sbos s b Sl oo (slasdsis b g azsls ,3 gl el
Hedenquist and) ol oy bli,l S o oS () ool Lo o YU gy JISIT - SIS (gl 559
Lwd 5 03,0 ol owelew (Lowenstern, 1994 ¢ LREE ,sle ¢ Rb g K L LILE ;| Sl b
ool CdysS g )bl e Olee a5 8l o S5 s i Ti g Nb L HFSE jolie 5l Suld g8 (oo
Hedenquist ) coul (o 9 b o505 Lol oo 0495 02! Gl b e e slanses Lice oummslis a5 Wsd oo
W IS SCis 4 e oS ko g p Sle S (et al., 2000 (Zheng, 2019) cuul latwg STl ol pon

odimd Ll el Cawdyee layg) Ho CawdS g Dguwl

14¥



a

A O)Lo¢z N0 o)5a AF-¥ ).».:la

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

ol gdice Bl 318 slaS ) I3l o oliT slaasls b
ol o o el Sl HS o luils aises 588 S
Mo ot @ pomie SVLw Aoz 9 @y (SodOyw
Hedenquist et al., 1998; Baker and) o4& e
a3 Jd 0 ogsn! slbaaxie (Andrew, 1991
oS oo a1 oleSle 5,568 Lice (il gms 10 538 wsle)
810 olie el 55l oSl &Y 51SOs alss L as
e jpax 5 592 SYlew b sgasme ([ Sad 3.8, oaumslis
wmly Joae b oaiyyg Jled ohials el olSle oYL
oS lie Lol a5 s)ls sl HS Jloy o) slopls
Sl 55 o0 J 58 ¢ oLl SO2 5l 2 e¥lw) LSl
bog @hals U5 @bS sleanlp (el
Sl (Yl LIS g g b iy oy Slo,So
VE US55 el (Sl 8 slo s J,5) 5 5L
03288 pgai a4 JLudlS () 0920 I cegede oud oole Jue

SVl by LS g SVl 0l 0 s 5l ey (S5 PH Lyl
1 e, ¥l sy colled o ol S5 clagSl ol g9
az0 00 BV o gbles o a5 s e lis
plb S Joleo S35 00,0 VLY slas i g o 5 il
Jlos o NE-SW s NW-SE wis, b sla oS .ceusl 005 &
STy wlod S e 1) Al Cutigs g Jlow Gl 39
I 5 8e3 5 58 95 g S o 5o Lo LS
b ey 5 mboSle cVlw ol YU oSl 5 ool
slagdsds Bk Il 03,5 wald 1) Gl S
s g 03,8 @al Sl 513 slge 5 LS 4550 Jlad o leSle
bl e Sl laaals aileas HS Sl5als &
SVl 5 B HS Ll 18 oaimoLas e 658 5 codgsS
Cooke and Simmons, ) wwe oSl SOz I e
Caidgls g el pilss s b SlS 5s 2000
Sy oS ain gloaiSasT g (ol laze 0aiiS (uSxie

el 00l Ladlgw ;o JBol &gt Mo .ol Jgore HS (slapn
Vuggy Silica

Quartz-Alunite

Acid fluid can rise i
highly altered wall roci

Meteoric Pyrophyllite

assive
Silica
Strong alteration of wall rocks:
argillic alteration and silicification
G

Oxidizing fluid cools and evolves to acid

Water

Alunite+Pyrite
+Diaspore

Condensation of a brine, enrichment of
Cu, Ag, Au, As, SO2 in "vapor"

Overcritical "vapor" rises,
cools and contracts to "water”

Magmatic fluids are released from

Ma g mat|c Wa‘te [ anandesitic or shallow granite

magma chamber at depth.

(Arndt and Ganino, 2011; Neukirchen and Ries, ;I juldl) .4}, Jloi JLuils jo SlalS 51 cegpie 0ol oolw Jaw -VF S

V40

2020)



A O)Lo.»i) N0 o)gd AF-¥ ).».!Li

a

s A . .
Wyt 8 B i

Fig. 14. Simplified conceptual model of mineralization in the north Varzaneh deposit. (Adapted from (Arndt and Ganino,

2011; Neukirchen and Ries, 2020))
Sz SV lw Swl s 5 oleSle SVl 5l 36 JlasIb
Olsedy aglate LS sl abas LSa5 ol
SHleS oaS ) g ek slagysy Sl ganled ales S
slocsloge; b 5 s @bl S 5l Sk
(gl Game pBS Sy p 6995 nle
odezy HS Jlo i ol slopllss 5l slsges 539 Jlot adlaie
(631l
Sileopalp g (Jlo colem 5l ol so oY 095 5 (B
BlasST oo pae &8 b lawgs Limgh cpl 5l 0,90 slmosls
g b alen 5l (imen ol S10,08 "LL  Soxe ol
Sz wdegeme (pl prize Jole pae aiedl slacoles
Pl Jagas 50 (2l (15 &5 (drome Lo ol 350 GBI
ol sl oo (S0 08 5 Sis dileens il iow )
O ol el GBlaal o 0 e i b, S
el 00,5 Lyl

S S A=
5 Sleassl Glacin Jols sagame i) slaaxls
S8 el gle,So sloon] s Cov a5 ated gl 3ok
b o po JSIT SIS (6 oo b dilaie SLeSLe JolSS ailazs ,§
b plerdine) slogazls 5 oo oo (Al
5 oloime; Lame () HFSE zals 5 LILE Sus i
aibaie ol oS o ol 1) ond jilogubio axies Lie
sl slaytsle 5 ok Glapia pboos asa
b sle 55 0,05 | FNE-SW s NW-SE ws, L slo L5
AS dld QSHL"ﬁ)" 9 ) Sw—«l—a—u) &‘y‘ J.QLM: PRWTRV-{ K
s dos il ,S Wl sege i Ol mez (o
Sl arts b e b )F slacdled L Gaday a5 cul
sloanT s 156 Sl Eu o bwal g LREE Sus e
Slalllas el e slSiw b SVl (208 oo 1 g S
Bee 5l i B) b e YL glales Jlw sla)lils
2boFle SVl S 5 ite slas 58 5 (o5 Blo a0
el a8 o amb Jbo gl slapian ;o 1) 5o <Vl g
stto S Lits ouims)lis (y3aST 5 2,555 slacgisin! 5l

&=l

Agard, P., Omrani, J., Jolivet, L., Mouthereau, F., 2005. Convergence history across Zagros (Iran): constraints
from collisional and earlier deformation. International Journal of Earth Sciences 94, 401-419.
https://doi.org/10.1007/s00531-005-0481-4

Agard, P., Omrani, J., Jolivet, L., Whitechurch, H., Vrielynck, B., Spakman, W., Monié, P., Meyer, B., Wortel,
R., 2011. Zagros orogeny: a subduction-dominated process. Geological Magazine 148, 692-725.
https://doi.org/10.1017/S001675681100046X

Ahmadian, J., Ghadirpour, M., 2020. Geochemistry and petrology of volcanic rocks in the south of Natanz
(The middle part of Urumieh-Dokhtar Magmatic Arc). Petrological Journal 11, 65-80.
https://doi.org/10.22108/ijp.2020.116077.1126

Aldan, F.A., Idrus, A., Takahashi, R., Kaneko, G., 2022. High-sulfidation epithermal—porphyry transition in
the Kumbokarno prospect, Trenggalek district, East Java, Indonesia: constraints from mineralogy, fluid
inclusion, and sulfur isotope studies. Resource Geology 72. https://doi.org/10.1111/rge.12289

Alipour-Asll, M., 2019. Geochemistry, fluid inclusions and sulfur isotopes of the Govin epithermal Cu-Au
mineralization, Kerman province, SE Iran. Journal of Geochemical Exploration 196, 156-—172.
https://doi.org/10.1016/j.gexplo.2018.09.011

Altenberger, F., Raith, J.G., Bakker, R.J., Zarasvandi, A., 2022. The Chah-Mesi epithermal Cu-Pb-Zn-(Ag-
Au) deposit and its link to the Meiduk porphyry copper deposit, SE Iran: Evidence from sulfosalt
chemistry and  fluid  inclusions. Ore  Geology  Reviews 142 ), 104732.
https://doi.org/10.1016/j.oregeorev.2022.104732

Amini, B., Amini Chehreg, M.R., 1998. Geological map of Kajan with a scale of 1:100,000.

Vg



a

Y oo,lads VO 0,90 NF-F 5L awidping oo oulidome; f‘df/’*‘:’é."
Y

Anders, E., Grevesse, N., 1989. Abundances of the elements: Meteoritic and solar. Geochimica et
Cosmochimica Acta 53, 197-214. https://doi.org/10.1016/0016-7037(89)90286-X

Arndt, N., Ganino, C., 2011. Hydrothermal Deposits. In: Metals and Society. Springer Berlin Heidelberg, 73—
112. https://doi.org/10.1007/978-3-642-22996-1 4

Babazadeh, S., Ghorbani, M.R., Cottle, J.M., Brocker, M., 2019. Multistage tectono-magmatic evolution of
the central Urumieh—Dokhtar magmatic arc, south Ardestan, Iran: Insights from zircon geochronology
and geochemistry. Geological Journal 54, 2447-2471. https://doi.org/10.1002/gj.3306

Berberian, M., King, G.C.P., 1981. Towards a paleogeography and tectonic evolution of Iran. Canadian Journal
of Earth Sciences 18, 210-265. https://doi.org/10.1139/e81-019

Beygi, S., Tadayon, M., Ilalova, R.K., Talovina, I.V., Meise, T.C., 2023. Petrochemical and Structural
Characteristics of Porphyry Copper Mineralization in the Astaneh Ore Deposit, Middle Part of the
Urumieh-Dokhtar Magmatic Arc (Iran). Geodynamics & Tectonophysics 14. https://doi.org/10.5800/GT-
2023-14-2-0691

Bodnar, R.J., Vityk, M.O., 1994. Interpretation of microthermometric data for H20O—NaCl fluid inclusions. In:
De Vivo, B., Frezzotti, M.L. (Eds.), Fluid Inclusions in Minerals: Methods and Applications. Pontignano
— Siena, 117-130.

Bouzari, F., Clark, A.H., 2006. Prograde Evolution and Geothermal Affinities of a Major Porphyry Copper
Deposit: The Cerro Colorado Hypogene Protore, I Region, Northern Chile. Economic Geology 101, 95—
134. https://doi.org/10.2113/gsecongeo.101.1.95

Cerpa, L.M., Bissig, T., Kyser, K., McEwan, C., Macassi, A., Rios, H.-W., 2013. Lithologic controls on
mineralization at the Lagunas Norte high-sulfidation epithermal gold deposit, northern Peru. Mineralium
Deposita 48, 653—673. https://doi.org/10.1007/s00126-013-0455-6

Chen, C., Wu, T., Sha, D., Li, D., Yang, Z., Zhang, J., Shang, Q., 2022. Genesis of the Dongpuzi Gold Deposit
in the Liaodong Peninsula, NE China: Constraints from Geology, Fluid Inclusion, and C-H-O-S—Pb
Isotopes. Minerals 12, 1008. https://doi.org/10.3390/min12081008

Chi, G., 2008. Validation and representation of fluid inclusion microthermometric data using the fluid
inclusion assemblage (FIA) concept.

Chiu, H.-Y., Chung, S.-L., Zarrinkoub, M.H., Mohammadi, S.S., Khatib, M.M., lizuka, Y., 2013. Zircon U—
Pb age constraints from Iran on the magmatic evolution related to Neotethyan subduction and Zagros
orogeny. Lithos 162—-163, 70-87. https://doi.org/10.1016/j.lithos.2013.01.006

Cooke, D., Simmons, S., 2000. Characteristics and genesis of epithermal gold deposits. Reviews in Economic
Geology 13, 221-244. https://doi.org/10.5382/Rev.13.06

Corral, 1., Cardellach, E., Corbella, M., Canals, A., Gémez-Gras, D., Griera, A., Cosca, M.A., 2016. Cerro
Quema (Azuero Peninsula, Panama): Geology, alteration, mineralization, and geochronology of a volcanic
dome-hosted  high-sulfidation = Au-Cu  deposit. = Economic  Geology 111,  287-310.
https://doi.org/10.2113/econgeo.111.2.287

Cullers, R.L., Graf, J.L., 1984. Rare Earth Elements in Igneous Rocks of the Continental Crust: Intermediate
and Silicic Rocks—Ore Petrogenesis. In: Henderson, P. (Ed.), Rare Earth Element Geochemistry.
Elsevier, pp. 275-316. https://doi.org/10.1016/B978-0-444-42148-7.50013-7

Cundy, C.S., Cox, P.A., 2005. The hydrothermal synthesis of zeolites: Precursors, intermediates and reaction
mechanism. Microporous and Mesoporous Materials 82, 1-78.
https://doi.org/10.1016/j.micromeso.2005.02.016

Diamond, L.W., 1996. Isochoric paths in immiscible fluids and the interpretation of multicomponent fluid
inclusions. Geochimica et Cosmochimica Acta 60, 3825-3834. https://doi.org/10.1016/0016-
7037(96)00200-1

Dolatshahi, S., Zamanian, H., Karimzadeh Somarin, A., 2019. Mineralization, alteration and geochemical
characteristics of host rocks in the Rangraz iron oxide-copper mineralization area, north Saveh, central
part of Urumieh—Dokhtar magmatic arc. Iranian Journal of Crystallography and Mineralogy 27, 821-838.
https://doi.org/10.29252/ijcm.27.4.821

Driesner, T., 2007. The system H20—NaCl. Part II: Correlations for molar volume, enthalpy, and isobaric heat
capacity from 0 to 1000°C, 1 to 5000 bar, and 0 to 1 XNaCl. Geochimica et Cosmochimica Acta 71, 4902—
4919. https://doi.org/10.1016/j.gca.2007.05.026

ARN



a

Y oo,lads VO 0,90 NF-F 5L awidping oo oulidome; f‘df/’*‘:’é."
Y

du Bray, E.A., 2017. Geochemical characteristics of igneous rocks associated with epithermal mineral
deposits: A review. Ore Geology Reviews 80, 767—783. https://doi.org/10.1016/j.oregeorev.2016.08.023

Ebrahimi, S., Alirezaei, S., Pan, Y., 2011. Geological setting, alteration, and fluid inclusion characteristics of
Zaglic and Safikhanloo epithermal gold prospects, NW Iran. Geological Society, London, Special
Publications 350, 133-147. https://doi.org/10.1144/SP350.8

Faure, G., 1977. Principles of isotope geology. John Wiley & Sons.

Fazli, N., Ghaderi, M., Tajeddin, H.-A., Movahednia, M., 2024. Genesis of the Hajibolagh-Zalibolagh Cu-
(Ag) intermediate-sulfidation epithermal deposit, Urumieh-Dokhtar magmatic arc, Iran: Evidence from
ore geology, fluid inclusions, and stable isotopes. Ore Geology Reviews 169, 106086.
https://doi.org/10.1016/j.oregeorev.2024.106086

Fekete, S., Weis, P., Scott, S., Driesner, T., 2018. Multiple stable isotope fronts during non-isothermal fluid
flow. Geochimica et Cosmochimica Acta 223, 537-557. https://doi.org/10.1016/j.gca.2017.12.009

Firouzbakht, M.S., Ghaderi, M., Tajeddin, H.A., 2022. Lithology and tectonomagmatic setting of volcanic and
plutonic rocks from the Lak area, southwest Buin Zahra, NW Iran. Petrological Journal 13, 127-146.
https://doi.org/10.22108/ijp.2023.133697.1278

Gemmell, J.B., 2004. Sulfur Isotope Evidence for Magmatic Contributions to Submarine and Subaerial Gold
Mineralization: Conical Seamount and the Ladolam Gold Deposit, Papua New Guinea. Economic
Geology 99, 1711-1725. https://doi.org/10.2113/99.8.1711

Georgieva, Y., Vassileva, R.D., Georgieva, S., 2023. Incorporation of As, Sb and Tl in pyrite from the
epithermal Kandilka prospect, Eastern Rhodopes, south Bulgaria. Review of the Bulgarian Geological
Society 84, 39-42. https://doi.org/10.52215/rev.bgs.2023.84.3.39

Goldfarb, R.J., Groves, D.I., 2015. Orogenic gold: Common or evolving fluid and metal sources through time.
Lithos 233, 2-26. https://doi.org/10.1016/j.1ithos.2015.07.011

Gorton, M.P., Schandl, E.S., 2000. From Continents to Island Arcs: A Geochemical Index of Tectonic Setting
for Arc-Related and Within-Plate Felsic to Intermediate Volcanic Rocks. The Canadian Mineralogist 38,
1065-1073. https://doi.org/10.2113/gscanmin.38.5.1065

Goudarzi, M., Zamanian, H., Kl16tzli, 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-O-S isotopes. Ore Geology Reviews 175, 106279.
https://doi.org/10.1016/j.oregeorev.2024.106279

Graupner, T., Henning, S., Goldmann, S., Fuchs, S., Stedingk, K., Liessmann, W., Birkenfeld, S., 2024. The
In-Ga-Sb association of the post-Variscan Zn-Pb-Ag vein deposit at Lautenthal, Upper Harz Mountains,
Germany: sphalerite mineral chemistry. Mineralium Deposita 59, 1363-1386.
https://doi.org/10.1007/s00126-024-01261-8

Haas, J.L., 1971. The effect of salinity on the maximum thermal gradient of a hydrothermal system at
hydrostatic pressure. Economic Geology 66, 940-946. https://doi.org/10.2113/gsecongeo.66.6.940

Hafezi, A., Asadi Haroni, H., Tabatabaei, S.H., Esmaeiloghli, S., 2024. Adopting a cell-based method to
identify mineralized geological structures in support of mineral prospectivity mapping at the Kuh-Lakht
epithermal  gold  deposit, Central Iran. Ore  Geology Reviews 171, 106175.
https://doi.org/10.1016/j.oregeorev.2024.106175

Hedenquist, J., Arribas, A., Gonzalez-Urien, E., 2000. Exploration for Epithermal Gold Deposits. In: Gold in
2000. Society of Economic Geologists 13, 245-277. https://doi.org/10.5382/Rev.13.07

Hedenquist, J.W., Arribas, A.E., Reynard, L., 2000. Epithermal gold deposits: Styles, characteristics, and
geologic setting. Geology 28, 303-306. https://doi.org/10.5382/SEGnews.1995-23.fea

Hedenquist, J.W., Lowenstern, J.B., 1994. The role of magmas in the formation of hydrothermal ore deposits.
Nature 370, 519-527. https://doi.org/10.1038/370519a0

Heinrich, C.A., 2005. The physical and chemical evolution of low-salinity magmatic fluids at the porphyry to
epithermal  transition: A  thermodynamic study. Mineralium Deposita 39, 864-889.
https://doi.org/10.1007/s00126-004-0461-9

Henley, R.W., Berger, B.R., 2011. Magmatic-Vapor Expansion and the Formation of High-Sulfidation Gold
Deposits: Chemical Controls on Alteration and Mineralization. Ore Geology Reviews 39, 63-74.
https://doi.org/10.1016/j.oregeorev.2010.11.003

VAA



a

Y oo,lads VO 0,90 NF-F 5L awidping oo oulidome; f‘df/’*‘:’é."
Y

Henley, R.W., Brown, K.L., 1985. A Practical Guide to the Thermodynamics of Geothermal Fluids and
Hydrothermal Ore Deposits. In: Geology and Geochemistry of Epithermal Systems. Society of Economic
Geologists 2, 25-44. https://doi.org/10.5382/Rev.02.02

Heo, C.-H., Kim, S.-Y., Oh, I.-H., 2021. Genetic Environments of the Eunjeok Au-Ag Deposit in the Yeongam
District: Implications for Cretaceous Epithermal Au-Ag Mineralization in South Korea. Minerals 11,
1088. https://doi.org/10.3390/min11101088

Higueras, P., Oyarzun, R., Lillo, J., Morata, D., 2013. Intraplate Mafic Magmatism, Degasification, and
Deposition of Mercury: The Giant Almadén Mercury Deposit (Spain) Revisited. Ore Geology Reviews
51, 93-102. https://doi.org/10.1016/j.oregeorev.2012.12.004

Hoefs, J., 2018. Stable Isotope Geochemistry. 8th edition. Springer International Publishing.
https://doi.org/10.1007/978-3-319-78527-1

Holman, A.IL., Grice, K., Greenwood, P.F., Bottcher, M.E., Walshe, J.L., Evans, K., 2014. New Aspects of
Sulfur Biogeochemistry During Ore Deposition From A34S of Elemental Sulfur and Organic Sulfur from
the Here's Your Chance Pb/Zn/Ag Deposit. Chemical Geology 387, 126-132.
https://doi.org/10.1016/j.chemgeo0.2014.08.025

Hosseini, M.R., Hassanzadeh, J., Alirezaei, S., Sun, W., Li, C.-Y., 2017. Age revision of the Neotethyan arc
migration into the southeast Urumieh-Dokhtar belt of [ran: Geochemistry and U-Pb zircon geochronology.
Lithos 284-285, 296-309. https://doi.org/10.1016/j.1ithos.2017.03.012

Hosseini-Dinani, H., Bagheri, H., Esmaeili-Vardanjani, M., 2015. Mineralization and structural features of
Kalchouyeh copper-gold deposit (west-central Iran). Arabian Journal of Geosciences 8, 3007-3018.
https://doi.org/10.1007/s12517-014-1368-0

Kananian, A., Sarjoughian, F., Nadimi, A., Ahmadian, J., Ling, W., 2014. Geochemical characteristics of the
Kuh-e Dom intrusion, Urumieh-Dokhtar Magmatic Arc (Iran): Implications for source regions and
magmatic evolution. Journal of Asian Earth Sciences 90, 137-148.
https://doi.org/10.1016/j.jseaes.2014.04.026

Keith, M., Smith, D.J., Jenkin, G.R.T., Holwell, D.A., Dye, M.D., 2018. A review of Te and Se systematics in
hydrothermal pyrite from precious metal deposits: Insights into ore-forming processes. Ore Geology
Reviews 96, 269-282. https://doi.org/10.1016/j.oregeorev.2017.07.023

Kikawada, Y., Ossaka, T., Oi, T., Honda, T., 2001. Experimental studies on the mobility of lanthanides
accompanying alteration of andesite by acidic hot spring water. Chemical Geology 176, 137-149.
https://doi.org/10.1016/S0009-2541(00)00375-2

King, J., Williams-Jones, A.E., van Hinsberg, V., Williams-Jones, G., 2014. High-Sulfidation Epithermal
Pyrite-Hosted Au (Ag-Cu) Ore Formation by Condensed Magmatic Vapors on Sangihe Island, Indonesia.
Economic Geology 109, 1705-1733. https://doi.org/10.2113/econgeo.109.6.1705

Kouhestani, H., Ghaderi, M., Chang, Z., Zaw, K., 2015. Constraints on the ore fluids in the Chah Zard breccia-
hosted epithermal Au-Ag deposit, Iran: Fluid inclusions and stable isotope studies. Ore Geology Reviews
65, 512-521. https://doi.org/10.1016/j.oregeorev.2013.06.003

Kouhestani, H., Ghaderi, M., Emami, M.H., Meffre, S., Kamenetsky, V., McPhie, J., Zaw, K., Nasiri
Bezenjani, R., 2018. Compositional characteristics and geodynamic significance of late Miocene volcanic
rocks associated with the Chah Zard epithermal gold-silver deposit, southwest Yazd, Iran. Island Arc 27.
https://doi.org/10.1111/iar.12223

Kouhestani, H., Ghaderi, M., Zaw, K., Meffre, S., Emami, M.H., 2011. Geological Setting and Timing of the
Chah Zard Breccia-Hosted Epithermal Gold-Silver Deposit in the Tethyan Belt of Iran. Mineralium
Deposita 47, 425-440. https://doi.org/10.1007/s00126-011-0382-3

Kouhestani, H., Mokhtari, M.A.A., Chang, Z., Qin, K., Aghajani Marsa, S., 2022. Fluid inclusion, zircon U-
Pb geochronology, and O-S isotopic constraints on the origin and evolution of ore-forming fluids of the
Tashvir and Varmazyar epithermal base metal deposits, NW Iran. Frontiers in Earth Science 10.
https://doi.org/10.3389/feart.2022.990761

Kouhestani, H., Mokhtari, M.A.A., Qin, K., Zhang, X., 2020. Genesis of the Abbasabad Epithermal Base Metal
Deposit, NW Iran: Evidence from Ore Geology, Fluid Inclusion and O-S Isotopes. Ore Geology Reviews
126, 103752. https://doi.org/10.1016/j.oregeorev.2020.103752

14



a

Y oo,lads VO 0,90 NF-F 5L awidping oo oulidome; f‘df/’*‘:’é."
Y

Kouzmanov, K., Bailly, L., Ramboz, C., Rouer, O., Bény, J.-M., 2002. Morphology, origin and infrared
microthermometry of fluid inclusions in pyrite from the Radka epithermal copper deposit, Srednogorie
zone, Bulgaria. Mineralium Deposita 37, 599-613. https://doi.org/10.1007/s00126-002-0270-y

Kuzhuget, R.V., Ankusheva, N.N., Hertek, A.K., Kalinin, Y.A., Damdinov, B.B., Pirajno, F., Butanaev, Y.V.,
Suge-Maadyr, N.V., Soldup, S.N., 2023. Precious-Metal Mineralization and Formation Conditions of the
Biche-Kadyr-Oos Epithermal Au-Ag Ore Occurrence (Eastern Sayan, Russia). Minerals 13, 1529.
https://doi.org/10.3390/min13121529

LaFlamme, C., Martin, L., Jeon, H., Reddy, S.M., Selvaraja, V., Caruso, S., Bui, T.H., Roberts, M.P., Voute,
F., Hagemann, S., Wacey, D., Littman, S., Wing, B., Fiorentini, M., Kilburn, M.R., 2016. In situ multiple
sulfur isotope analysis by SIMS of pyrite, chalcopyrite, pyrrhotite, and pentlandite to refine magmatic ore
genetic models. Chemical Geology 444, 1-15. https://doi.org/10.1016/j.chemge0.2016.09.032

Lai, J., Wang, G., Wang, S., Cao, J., Li, M., Pang, X., Zhou, Z., Fan, X., Dai, Q., Yang, L., He, Z., Qin, Z.,
2018. Review of diagenetic facies in tight sandstones: Diagenesis, diagenetic minerals, and prediction via
well logs. Earth-Science Reviews 185, 234-258. https://doi.org/10.1016/j.earscirev.2018.06.009

Lattanzi, P., Da Pelo, S., Musu, E., Atzei, D., Elsener, B., Fantauzzi, M., Rossi, A., 2008. Enargite oxidation:
A review. Earth-Science Reviews 86, 62-88. https://doi.org/10.1016/j.earscirev.2007.07.006

Li, B., Shi, X., Li, C., Wang, J., Pei, Y., Ye, J., 2016. Lead, Sulfur, and Oxygen Isotope Systematics in
Hydrothermal Precipitates from the 14°S Hydrothermal Field, South Mid-Atlantic Ridge. Resource
Geology 66, 274-285. https://doi.org/10.1111/rge.12101

Li, Y., He, S., Zhang, R.-Q., Bi, X.-W., Feng, L.-J., Tang, G.-Q., Wang, W.-Z., Huang, F., Li, X.-H., 2022.
Cassiterite oxygen isotopes in magmatic-hydrothermal systems: in situ microanalysis, fractionation factor,
and applications. Mineralium Deposita 57, 643-661. https://doi.org/10.1007/s00126-021-01068-x

Linnen, R., Samson, 1., Williams-Jones, A.E., Chakhmouradian, A.R., 2014. Geochemistry of the Rare-Earth
Element, Nb, Ta, Hf, and Zr Deposits. Treatise on Geochemistry 13, 543-568.
https://doi.org/10.1016/B978-0-08-095975-7.01121-9

Maydagan, L., Franchini, M., Lentz, D., Pons, J., McFarlane, C., 2013. Sulfide Composition and Isotopic
Signature of the Altar Cu-Au Deposit, Argentina: Constraints on the Evolution of the Porphyry-
Epithermal System. The Canadian Mineralogist 51, 813-840. https://doi.org/10.3749/canmin.51.6.813

Mehrabi, B., Ghasemi, S., Tale, F., 2015. Structural Control on Epithermal Mineralization in the Troud-Chah
Shirin Belt Using Point Pattern and Fry Analyses, North of Iran. Geotectonics 49, 320-331.
https://doi.org/10.1134/s001685211504007x

Migdisov, A., Williams-Jones, A.E., Brugger, J., Caporuscio, F., 2016. Hydrothermal Transport, Deposition,
and Fractionation of the REE: Experimental Data and Thermodynamic Calculations. Chemical Geology
439, 13-42. https://doi.org/10.1016/j.chemgeo0.2016.06.005

Mikaeili, K., Hosseinzadeh, M., Moayyed, M., Maghfouri, S., 2018. The Shah-Ali-Beiglou Zn-Pb-Cu (-Ag)
Deposit, Iran: An Example of Intermediate Sulfidation Epithermal Type Mineralization. Minerals 8, 148.
https://doi.org/10.3390/min8040148

Mohebi, A., Sepidbar, F., Mirnejad, H., Behzadi, M.H., 2020. Molybdenite Re-Os Dating, Petrology, and
Geochemistry of Granitoids in the Bondar Hanza Porphyry Cu Deposit (Urumieh-Dokhtar Magmatic
Arc), Iran: Insight into Petrogenesis, Mineralization, and Tectonic Setting. Geological Journal 55, 7499-
7516. https://doi.org/10.1002/gj.3874

Morad, S., Al-Ramadan, K., Ketzer, .M., De Ros, L.F., 2010. The impact of diagenesis on the heterogeneity
of sandstone reservoirs: A review of the role of depositional facies and sequence stratigraphy. American
Association of Petroleum Geologists Bulletin 94, 1267-1309. https://doi.org/10.1306/04211009178

Moradiani, Z., 2024. Genesis of the Mahour Base Metal Deposit, Iran: Constraints from Fluid Inclusions and
Sulfur Isotopes. Minerals 14, 435. https://doi.org/10.3390/min14040435

Morishita, Y., 2023. Hydrothermal Calcite Precipitation in Veins: Inspired by Experiments for Oxygen Isotope
Fractionation between CO2 and Calcite from 1° C to 150° C. Applied Sciences 13, 5610.
https://doi.org/10.3390/app13095610

Morishita, Y., Shimada, N., Shimada, K., 2018. Invisible gold in arsenian pyrite from the high-grade Hishikari
gold deposit, Japan: Significance of variation and distribution of Au/As ratios in pyrite. Ore Geology
Reviews 95, 79-93. https://doi.org/10.1016/j.oregeorev.2018.02.029



a

Y oo,lads VO 0,90 NF-F 5L awidping oo oulidome; f‘df/’*‘:’é."
Y

Morishita, Y., Yabe, Y., 2022. Genesis and Evolution of Hydrothermal Fluids in the Formation of the High-
Grade Hishikari Gold Deposit: Carbon, Oxygen, and Sulfur Isotopic Evidence. Minerals 12, 1595.
https://doi.org/10.3390/min12121595

Mousavi Motlagh, S.H., Ghaderi, M., Yasami, N., Gonzalez, F.J., 2024. Trace and minor elements in the ore
minerals: An assessment of geochemical distribution in overprinting epithermal on porphyry
mineralization at  Chodarchay, NW Iran. Ore Geology Reviews 168, 106015.
https://doi.org/10.1016/j.oregeorev.2024.106015

Moussa, N., Boiron, M.C., Grassineau, N.V., Asael, D., Fouquet, Y., Le Gall, B., Rolet, J., Etoubleau, J.,
Delacourt, C., 2019. Mineralogy, fluid inclusions and stable isotope study of epithermal Au-Ag-Bi-Te
mineralization from the SE Afar Rift (Djibouti). Ore Geology Reviews 111.
https://doi.org/10.1016/j.oregeorev.2019.05.002

Moussa, N., Rouxel, O., Grassineau, N., Ponzevera, E., Nonnotte, P., Fouquet, Y., Gall, B.L., 2017. Sulfur and
Strontium Isotopic Study of Epithermal Mineralization: A Case Study from the SE Afar Rift, Djibouti.
Ore Geology Reviews 81, 358-368. https://doi.org/10.1016/j.oregeorev.2016.10.028

Miiller, D., Groves, D.I., 2016. Potassic Igneous Rocks and Associated Gold-Copper Mineralization. 4th
edition. Springer International Publishing. https://doi.org/10.1007/978-3-319-23051-1

Najafi, Z., Ahmadipour, H., Moradian, A., Sarjoughian, F., Nakashima, K., 2023. Petrological characteristics
of gabbroic intrusions in southeastern Urmia-Dokhtar magmatic belt, Kerman province, Iran: Evidence
for post-Eocene mafic magmatism. Turkish Journal of Earth Sciences 32, 470-486.
https://doi.org/10.55730/1300-0985.1856

Neukirchen, F., Ries, G., 2020. The World of Mineral Deposits. Springer International Publishing.
https://doi.org/10.1007/978-3-030-34346-0

Omrani, J., Agard, P., Whitechurch, H., Benoit, M., Prouteau, G., Jolivet, L., 2008. Arc-magmatism and
subduction history beneath the Zagros Mountains, Iran: A new report of adakites and geodynamic
consequences. Lithos 106, 380-398. https://doi.org/10.1016/].1ithos.2008.09.008

Pat Shanks, W.C., 2014. Stable Isotope Geochemistry of Mineral Deposits. Treatise on Geochemistry 13, 59-
85. https://doi.org/10.1016/B978-0-08-095975-7.01103-7

Pearce, J.A., Cann, J.R., 1973. Tectonic setting of basic volcanic rocks determined using trace element
analyses. Earth and Planetary Science Letters 19, 290-300. https://doi.org/10.1016/0012-821X(73)90129-
5

Pearce, J.A., Peate, D.W., 1995. Tectonic Implications of the Composition of Volcanic ARC Magmas. Annual
Review of Earth and Planetary Sciences 23, 251-285.
https://doi.org/10.1146/annurev.ea.23.050195.001343

Prokof'ev, V.Yu., Bortnikov, N.S., Kovalenker, V.A., Vinokurov, S.F., Zorina, L.D., Chernova, A.D.,
Kryazhev, S.G., Krasnov, A.N., Gorbacheva, S.A., 2010. The Darasun gold deposit, Eastern Transbaikal
region: Chemical composition, REE patterns, and stable carbon and oxygen isotopes of carbonates from
ore veins. Geology of Ore Deposits 52, 81-113. https://doi.org/10.1134/S1075701510020017

Qi, J.,, Chen, Y., Franco, P., 2005. Geological characteristics and tectonic setting of the epithermal deposits in
northeast China. Journal of Mineralogy and Petrology 25, 1-12.

Rabiee, A., Rossetti, F., Tecce, F., Asahara, Y., Azizi, H., Glodny, J., Lucci, F., Nozaem, R., Opitz, J., Selby,
D., 2019. Multiphase magma intrusion, ore-enhancement and hydrothermal carbonatisation in the Siah-
Kamar porphyry Mo deposit, Urumieh-Dokhtar magmatic zone, NW Iran. Ore Geology Reviews 110,
102930. https://doi.org/10.1016/j.oregeorev.2019.05.016

Raeisi, D., Zhao, M., Babazadeh, S., Long, L.E., Hajsadeghi, S., Modabberi, S., 2021. Synthesis on productive,
sub-productive and barren intrusions in the Urumieh-Dokhtar magmatic arc, Iran, constraints on
geochronology and geochemistry. Ore Geology Reviews 132, 103997.
https://doi.org/10.1016/j.oregeorev.2021.103997

Rajabpour, S., Jiang, S.-Y., Lehmann, B., Abedini, A., Gregory, D.D., 2018. Fluid inclusion and O-H-C
isotopic constraints on the origin and evolution of ore-forming fluids of the Cenozoic volcanic-hosted
Kuh-Pang copper deposit, Central Iran. Ore Geology Reviews 94, 277-289.
https://doi.org/10.1016/j.oregeorev.2018.02.003



a

Y oo,lads VO 0,90 NF-F 5L awidping oo oulidome; f‘df/’*‘:’é."
Y

Richards, J.P., Wilkinson, D., Ullrich, T., 2006. Geology of the Sari Gunay Epithermal Gold Deposit,
Northwest Iran. Economic Geology 101, 1455-1496. https://doi.org/10.2113/gsecongeo.101.8.1455
Rivai, T.A., Yonezu, K., Syafrizal, Sanematsu, K., Kusumanto, D., Imai, A., Watanabe, K., 2019. A Low-
Sulfidation Epithermal Mineralization in the River Reef Zone, the Poboya Prospect, Central Sulawesi,
Indonesia: Vein Textures, Ore Mineralogy, and Fluid Inclusions. Resource Geology 69, 385-401.

https://doi.org/10.1111/rge.12206

Roedder, E., 1984. Fluid Inclusions. Reviews in Mineralogy 12. Mineralogical Society of America.

Rouxel, O., Shanksiii, W., Bach, W., Edwards, K., 2008. Integrated Fe- and S-isotope study of seafloor
hydrothermal vents at East Pacific Rise 9-10°N. Chemical Geology 252, 214-227.
https://doi.org/10.1016/j.chemgeo.2008.03.009

Safari, H.O., Bagas, L., Shafiei Bafti, B., 2015. Structural controls on the localization of Cu deposits in the
Kerman Cu metallogenic province of Iran using geoinformatic techniques. Ore Geology Reviews 67, 43-
56. https://doi.org/10.1016/j.oregeorev.2014.11.014

Sameti, M., Zamanian, H., Asadi Harooni, H., 2020. Geochemical and fluid inclusion studies of Kalchuyeh
Cu-Au epithermal mineralization in the central part of the Urumieh-Dokhtar magmatic arc. Iranian Journal
of Crystallography and Mineralogy 28, 217-232. https://doi.org/10.29252/ijcm.28.1.217

Sayari, M., Sharifi, M., Tabatabaei Manesh, S.M., Ahmadian, J., 2015. Evaluating physicochemical conditions
of Miocene-Pliocene volcanic rocks in the middle part of the Urumieh-Dokhtar Magmatic Arc. Arabian
Journal of Geosciences 8, 9501-9516. https://doi.org/10.1007/s12517-015-1856-x

Schlegel, T.U., Wagner, T., Boyce, A.J., Heinrich, C.A., 2017. A Magmatic Source of Hydrothermal Sulfur
for the Prominent Hill Deposit and Associated Prospects in the Olympic Iron Oxide Copper-Gold (I0CG)
Province of South Australia. Ore Geology Reviews 89, 1058-1090.
https://doi.org/10.1016/j.oregeorev.2016.09.002

Schwartz, G.M., 1947. Hydrothermal alteration in the "porphyry copper" deposits. Economic Geology 42, 319-
352. https://doi.org/10.2113/gsecongeo0.42.4.319

Seal, R.R., Jambor, J.L., Alpers, C.N., 2005. Geochemistry of sulfate minerals in high- and low-temperature
environments: a  tribute to  Robert O. Rye. Chemical Geology 215, 1-4.
https://doi.org/10.1016/j.chemgeo0.2004.06.051

Shahbazi, S., Ghaderi, M., Alfonso, P., 2019. Mineralogy, alteration, and sulfur isotope geochemistry of the
Zehabad intermediate-sulfidation epithermal deposit, NW Iran. Turkish Journal of Earth Sciences 28, 1-
20. https://doi.org/10.3906/yer-1902-1

Siani, S., 2020. Structural controls on epithermal deposits. Journal of Structural Geology 138, 104040.
https://doi.org/10.1016/j.jsg.2020.104040

Sidorov, E.G., Borovikov, A.A., Tolstykh, N.D., Bukhanova, D.S., Palyanova, G.A., Chubarov, V.M., 2020.
Gold Mineralization at the Maletoyvayam Deposit (Koryak Highland, Russia) and Physicochemical
Conditions of Its Formation. Minerals 10, 1093. https://doi.org/10.3390/min10121093

Sillitoe, R.H., 2010. Porphyry  Copper Systems. Economic  Geology 105, 3-41.
https://doi.org/10.2113/gsecongeo.105.1.3

Simmons, S.F., Brown, K.L., 2006. Gold in Magmatic Hydrothermal Solutions and the Rapid Formation of a
Giant Ore Deposit. Science 314, 288-291. https://doi.org/10.1126/science.1132866

Simmons, S.F., Tutolo, B.M., Barker, S.L.L., Goldfarb, R.J., Robert, F., 2020. Chapter 38: Hydrothermal Gold
Deposition in Epithermal, Carlin, and Orogenic Deposits. In: Geology of the World's Major Gold Deposits
and Provinces. Society of Economic Geologists 23, 823-845. https://doi.org/10.5382/SP.23.38

Simmons, S.F., White, N.C., John, D.A., 2005. Geological Characteristics of Epithermal Precious and Base
Metal  Deposits.  Economic  Geology  100th  Anniversary = Volume 100, 485-522.
https://doi.org/10.5382/AV100.16

Soberano, O.B., Gabo-Ratio, J.A.S., Queaiio, K.L., Dimalanta, C.B., Yumul, G.P., Andal, E.S., Yonezu, K.,
Boyce, A.J., 2021. Mineral chemistry, fluid inclusion and stable isotope studies of the Suyoc epithermal
veins: Insights to Au-Cu mineralization in southern Mankayan Mineral District, Philippines. Ore Geology
Reviews 131. https://doi.org/10.1016/j.oregeorev.2021.104035

Y-V



a

Y oo,lads VO 0,90 NF-F 5L awidping oo oulidome; f‘df/’*‘:’é."
Y

Steele-Maclnnis, M., Ridley, J., Lecumberri-Sanchez, P., Schlegel, T.U., Heinrich, C.A., 2016. Application of
low temperature microthermometric data for interpreting multicomponent fluid inclusion compositions.
Earth-Science Reviews 159, 14-35. https://doi.org/10.1016/j.earscirev.2016.04.011

Sun, S.-s., McDonough, W.F., 1989. Chemical and isotopic systematics of oceanic basalts: implications for
mantle composition and processes. Geological Society, London, Special Publications 42, 313-345.
https://doi.org/10.1144/GSL.SP.1989.042.01.19

Tale Fazel, E., Nevolko, P.A., Pasava, J., Xie, Y., Alaei, N., Oroji, A., 2023. Geology, geochemistry, fluid
inclusions, and H-O-C-S-Pb isotope constraints on the genesis of the Atash-Anbar epithermal gold
deposit, Urumieh-Dokhtar magmatic arc, central-northern Iran. Ore Geology Reviews 153, 105285.
https://doi.org/10.1016/j.oregeorev.2022.105285

Van den Kerkhof, A.M., Hein, U.F., 2001. Fluid inclusion petrography. Lithos 55, 27-47.
https://doi.org/10.1016/S0024-4937(00)00037-2

White, N.C., Hedenquist, J.W., 1990. Epithermal environments and styles of mineralization: Variations and
their causes, and guidelines for exploration. Journal of Geochemical Exploration 36, 445-474.
https://doi.org/10.1016/0375-6742(90)90063-G

White, N.C., Hedenquist, J.W., 1995. Epithermal gold deposits: styles, characteristics and exploration. SEG
Discovery 23, 1-13. https://doi.org/10.5382/SEGnews.1995-23.fea

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

Wilkinson, J.J., 2001. Fluid inclusions in hydrothermal ore deposits. Lithos 55, 229-272.
https://doi.org/10.1016/S0024-4937(00)00047-5

Xu, N., Li, S., Wu, C., Santosh, M., 2020. Geochemistry and geochronology of the Dongyang gold deposit in
southeast China: Constraints on ore genesis. Geological Journal 55, 425-438.
https://doi.org/10.1002/gj.3421

Chen, Y.J., Ni, P., Fan, H.R., Pirajno, F., Lai, Y., Su, W.C., Zhang, H., 2007. Diagnostic fluid inclusions of
different types hydrothermal gold deposits. Acta Petrologica Sinica 23, 2085-2108.

Yasami, N., Ghaderi, M., 2019. Distribution of alteration, mineralization and fluid inclusion features in
porphyry - high sulfidation epithermal systems: The Chodarchay example, NW Iran. Ore Geology
Reviews 104, 227-245. https://doi.org/10.1016/j.oregeorev.2018.11.006

Yasami, N., Ghaderi, M., Alfonso, P., 2018. Sulfur isotope geochemistry of the Chodarchay Cu-Au deposit,
Tarom, NW Iran. Neues Jahrbuch Fiir Mineralogie - Abhandlungen 195, 101-113.
https://doi.org/10.1127/njma/2018/0097

Yasami, N., Ghaderi, M., Madanipour, S., Taghilou, B., 2017. Structural control on overprinting high-
sulfidation epithermal on porphyry mineralization in the Chodarchay deposit, northwestern Iran. Ore
Geology Reviews 86, 212-224. https://doi.org/10.1016/j.oregeorev.2017.01.028

Zamanian, H., Dolatshahi, S., Yang, X., Karimzadeh Somarin, A., 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, S., 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

Zamanian, H., Tale Fazel, E., Sameti, M., Asadi Haroni, H., Yang, X., 2023. The petrogenesis and
metallogenesis of the Kalchuyeh epithermal gold deposit, central Iran: Constraints from geochemistry,
fluid inclusion, and H-O-S isotopes. Journal of Asian Earth Sciences 242, 105505.
https://doi.org/10.1016/j.jseaes.2022.105505

Zamanian, H., TaleFazel, E., Hayatalgheybi, M., Samani, B.A.E., Harris, C., 2020. Geochemical, fluid
inclusion and O-H-S isotope studies of the Milajerd Au-polymetallic prospect, Central Iran: Implications
for ore genesis. Ore Geology Reviews 120, 103444. https://doi.org/10.1016/j.oregeorev.2020.103444

Zarasvandi, A., 2006. Structural and tectonic controls on mineralization. Ore Geology Reviews 28, 230-240.
https://doi.org/10.1016/j.oregeorev.2005.08.003

ARA¥



a

Y oo,lads VO 0,90 NF-F 5L awidping oo oulidome; f‘df/’*‘:’é."
Y

Zarasvandi, A., Liaghat, S., Zentilli, M., 2005. Geology of the Darreh-Zerreshk and Ali-Abad Porphyry Copper
Deposits, Central Iran. International Geology Review 47, 620-646. https://doi.org/10.2747/0020-
6814.47.6.620

Zarasvandi, A., Rezaei, M., Raith, J.G., Asadi, S., Lentz, D., 2019. Hydrothermal fluid evolution in collisional
Miocene porphyry copper deposits in Iran: Insights into factors controlling metal fertility. Ore Geology
Reviews 105, 183-200. https://doi.org/10.1016/j.oregeorev.2018.12.027

Zarasvandi, A., Rezaei, M., Raith, J., Lentz, D., Azimzadeh, A.-M., Pourkaseb, H., 2015. Geochemistry and
fluid characteristics of the Dalli porphyry Cu-Au deposit, Central Iran. Journal of Asian Earth Sciences
111, 175-191. https://doi.org/10.1016/j.jseaes.2015.07.029

Zarasvandi, A., Rezaei, M., Sadeghi, M., Lentz, D., Adelpour, M., Pourkaseb, H., 2015. Rare earth element
signatures of economic and sub-economic porphyry copper systems in Urumieh-Dokhtar Magmatic Arc
(UDMA), Iran. Ore Geology Reviews 70, 407-423. https://doi.org/10.1016/j.oregeorev.2015.01.010

Zarasvandi, A., Tashi, M., Rezaei, M., Saki, A., Mousivand, F., 2022. Geology and geochemistry of the Choran
porphyry-epithermal Cu-Au deposit in the Dehej-Sarduveyeh subzone, Urumieh-Dokhtar magmatic arc.
Journal of Economic Geology 14, 39-66. https://doi.org/10.22067/econg.2021.52017.87614

Zartman, R.E., Doe, B.R., 1981. Plumbotectonics-the model. Tectonophysics 75, 135-162.
https://doi.org/10.1016/0040-1951(81)90213-4

Zhang, H., Qian, G., Zhou, F., Cai, Y., Pring, A., 2024. Enrichment of precious metals associated with
chalcopyrite inclusions in sphalerite and pyrite. American Mineralogist 109, 150-156.
https://doi.org/10.2138/am-2022-8636

Zhao, H., Wang, Q., Kendrick, M.A., Groves, D.I., Fan, T., Deng, J., 2022. Metasomatized mantle lithosphere
and altered ocean crust as a fluid source for orogenic gold deposits. Geochimica et Cosmochimica Acta
334, 316-337. https://doi.org/10.1016/j.gca.2022.06.012

Zhao, X., Xue, C., 2014. Oceanic Subduction-continental Collision Transition and Epithermal Gold
Mineralization: Insight from Geochronological Study of the Tawuerbieke Deposit, Tulasu Ore Cluster,
Western Tianshan. Acta Geologica Sinica - English Edition 88, 850-851. https://doi.org/10.1111/1755-
6724.12375 83

Zheng, Y.-F., 2019. Subduction zone geochemistry. Geoscience Frontiers 10, 1223-1254.
https://doi.org/10.1016/j.gsf.2019.02.003

Zhou, Y., Wang, T., Fan, F., Chen, S., Guo, W., Xing, G., Sun, J., Xiao, F., 2022. Advances on Exploration
Indicators of Mineral VNIR-SWIR Spectroscopy and Chemistry: A Review. Minerals 12, 958.
https://doi.org/10.3390/min12080958

Zhu, Y., An, F., Tan, J., 2011. Geochemistry of hydrothermal gold deposits: A review. Geoscience Frontiers
2,367-374. https://doi.org/10.1016/j.gsf.2011.05.006

y-f



