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Introduction

The Saveh-Kashan-Qom copper belt, in the northern part of the Urumieh-
Dokhtar Magmatic Arc (UDMA) consists of two of the oldest (gold and
copper) zones in Iran (Samani, 1998; Rajabpour et al., 2017) where Upper
Eocene-Oligocene Mard Abad-Bouin Zahra volcanic suite is situated. This
volcanic suite hosts several copper deposits including Jarou, Gomosh
Dasht, Ghezel Cheshme, Bidestan and Afshar Abad that are known as the
"Kuh-e-Jarou Mining District". The Kuh-e-Jarou Mining District has a total
potential ore reserve of 2 Mt Cu with an average grade of 3 wt.% (Zar-Azin
Gostar Consultant Engineering Co., 2009). Upper Eocene volcanic and
pyroclastic rocks of rhyodacite, trachyandesite, andesite, and trachytic tuff
with high-K calc-alkaline to shoshonitic affinity consist of the main host
rocks for Cu mineralization. These units are primarily intruded by post
Eocene intrusive bodies. The geochemistry and genesis of ore bodies have
not been fully understood since most previous studies in this area have been
focused on petrology of volcanic and intrusive rocks. Moreover, the main
purpose of this study is to investigate mineralization style, geometry, and
textural-structural features of orebodies, alterations, and fluid inclusions
with implication for genesis of Jarou, Gomosh Dasht, Ghezel Cheshme,
Bidestan and Afshar Abad copper deposits. In addition, this research
provides more insight into understanding geology and mineralization
conditions in the study area with an implication for future exploration.

How to cite this article

Tale Fazel, E., Moradi, M. and Najafi Rashed, S., 2022. Genesis of Eocene volcanic-hosted copper deposits in the Kuh-e-Jarou Mining
District (South Eshtehard): Constraints from geology, mineralization and fluid inclusions. Journal of Economic Geology, 14(1): 67-108. (in
Persian with English abstract) https://dx.doi.org/10.22067/econg.2021.52100.88283

©2022 The author(s). This is an open access article distributed under the terms of the Creative Commons Attribution
@ ® (CC BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, as long as the original
A authors and source are cited. No permission is required from the authors or the publishers.


https://dx.doi.org/10.22067/econg.2021.52100.88283
https://portal.issn.org/resource/ISSN-L/2008-7306
https://portal.issn.org/resource/ISSN-L/2008-7306
https://econg.um.ac.ir/
https://econg.um.ac.ir/
https://econg.um.ac.ir/
https://econg.um.ac.ir/
https://econg.um.ac.ir/
https://econg.um.ac.ir
https://www.um.ac.ir
https://dx.doi.org/10.22067/econg.2021.52100.88283
https://dx.doi.org/10.22067/econg.2021.52100.88283
mailto:tale.fazel@gmail.com
https://dx.doi.org/10.22067/econg.2021.52100.88283
https://creativecommons.org/licenses/by/4.0/
https://dx.doi.org/10.22067/econg.2021.52100.88283
https://orcid.org/0000-0002-8776-1405
https://creativecommons.org/licenses/by/4.0/

Tale Fazel et al.

Genesis of Eocene volcanic-hosted copper deposits in the Kuh-e-Jarou Mining District (South Eshtehard) ...

Materials and methods

Seventeen thin polished sections from the ores and the
host rocks were prepared and they were studied by a
transmitted/reflected polarizing microscope in the Iran
Mineral Processing Research Center (Karaj, Iran). Five
rock powdered samples were also analyzed using X-ray
diffraction (XRD) spectrometry (X' pert Philips) in order
to identify the mineralogy of clay minerals in the
mineralogy laboratory of Salamanca University (Spain).
Fluid inclusion microthermometry was performed using
a Linkam THMS600 heating-freezing stage (-190 to
+600 °C) mounted on a ZEISS Axioplan2 microscope in
the fluid inclusion laboratory of the Iranian Mineral
Processing Research Center (Karaj, lIran). Salinities
(Wt.% NaCl eq.), density (g/cm®) and pressure (bars)
were calculated using the FLINCOR v.1.4 (Brown,
1989) and FLUIDS (Bakker, 2012).

Results and discussion

The orebody is controlled by a series of feather-like
ruptures and faults and its dominant mineral
compositions are chalcopyrite and chalcocite with
minor amounts of pyrite, galena, bornite and sphalerite.
The gangue minerals are quartz, barite, calcite and
chlorite. Four types of hydrothermal alterations
including chloritization, sulfidization, silicification and
epidotization were recognized. Based on field and

petrographic studies, three mineralization stages were
distinguished including (1) the pre-ore mineralization
stage characterized by fine-grained disseminated
pyrites, (2) the main hydrothermal stage consisting of
three substages: 1) an early quartz-chalcopyrite *
bornite vein, 1) middle bornite-chalcocite + covellite
breccia ore, I11) late galena and sphalerite inclusions,
and (3) late-stage barite and calcite veins.

Based on petrographic studies, five types of aqueous
fluid inclusions have been distinguished in the quartz-
chalcopyrite * bornite and barite veins including two-
phase liquid-rich (LV), two-phase vapor-rich (VL),
liquid monophase (L), vapor monophase (V) and minor
halite-bearing liquid-rich fluid inclusions (LVS). The
results show that parental fluids with a density of >1
g/cm? and an approximate depth of 400 meters were
formed and they were followed by fluid inclusions with
a density of <1 g/cm?® and a depth of <300 meters due
to fluid depressurization, faults. Moreover, introducing
low temperature meteoric waters have caused fluid
mixing and subsequently copper ore deposition
(Henley et al., 2015; Cheng et al., 2019). Considering
all geological mineralization styles, textures and
structures of the orebody, types of alteration and fluid
inclusions in copper deposits of the Kuh-e-Jarou
Mining District, it can be suggested that these deposits
have similarities with the Manto-type copper deposits
in Chile or volcanic red beds in northern America.
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Fig. 1. Tectonic map of Iran showing the location of the seven copper metallogenic province (modified after Bazin and Hubner,
1969) includes: (1) Ahar-Arasbaran volcanic belt, (2) Tarom-Hashtjin magmatic belt, (3) Saveh-Kashan-Qom copper belt, (4)
Naein-Anarak metallogenic complex, (5) Dehaj-Sarduieh belt or Kerman copper belt, (6) Torud-Sabzevar magmatic belt, (7) East
Iranian magmatic belt. Situation of the Kuh-e Jarou Mining District is shown by yellow star.
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Fig. 3. Simplified geologic map of the Kuh-e Jarou Mining District (modified after Kansaran Consultant Engineering Co., 1994)
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Fig. 4. VVolcanic rocks of the Kuh-e Jarou Mining District. A: Outcrops of latite and quartz-latite units in the central part of the Kuh-
e Jarou (looking to north), B: Outcrops of rhyolitic and andesitic lava (looking to north), C: Andesitic lava unit at the Afshar Abad
area (looking to east), D: Outcrops of fine-grained tuff at the Gomosh Dash area (looking to west), E: Lithic andesite tuff (E?) at
the Jarou area, and F: Agglomeratic and ignimbrite tuff (E™) at north of the Kuh-e Jarou Mining District (looking to north)

DOI: 10.22067/ECONG.2021.52100.88283 Voslad OF o5 P\ (gsbasl s e

\i4


https://dx.doi.org/10.22067/econg.2021.52100.88283

(A‘)L@:.fb\ u}»)})b-a;&w\.u 4.::-\5): JWTULﬁ"&“LWﬂl’: Cy;m"“‘ Q‘)&mﬂ}yb dUﬁ

SIS Gl 3 e sV 1S doly s Ly plre S gitme 4l (63585 5 SLaassT slaeKus 51 (XPL (bl S5 05 oSy Son lai 0 IS
cj’)‘;j‘}ii&adJ}Lg}j J.>|_5 IC‘égx)ggha_}‘f‘))‘j%jj)&}j)‘ﬁaﬁo&‘;}j%jj)&Lg‘.b‘;}lgg"_._ﬁ:‘)bIBcj%xM})pﬁémT@j)b
Oty JSIT 551557 gla G831 IS ize ils g0 5 il 5 sims dorlstF s E IS 50500 5 50587 31 [SCite tnls 55 D S5 39 5 slwnntls JSIT
(2 g 1B 5uteT AAMP (ylwlls JSIT AAFS) ol s bl (Whitney and Evans, 2010) 5lsl 5 s 51 b G (g lass e b 5 d | guada|

Gi)sS:Qz IS 5 55 P
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Fig. 7. Photographs from copper mineralization at the Kuh-e Jarou Mining District. A and B: Vein-type Cu mineralization within
andesite host rock of the Jarou deposit, C: Vein-type Cu mineralization within crystalline tuff host rock at Gomosh Dash deposit,
D: Cu mineralization related to ENE-WSW-trending fault in extraction tunnel of the Ghezel Cheshme deposit, E: Fault-related
trench on N60W-trending Cu vein within andesitic lava at Afshar-Abad deposit, F: Close view from high-grade Cu breccia vein in
the Afshar-Abad deposit, G: Extraction tunnel of copper within megaporphyritic andesite host rock, and H: Late stage barite vein
at Bidestan deposit.
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Fig. 8. Photomicrographs (transmited cross-polarized light, XPL) of various alterations at the Kuh-e Jarou Mining District. A: Chloritic
alteration, B: Carbonatization by occurrence of calcite veinlets within rock, C: Silica alteration by occurrence of polycrystalline quartz,
and D: Epidote alteration. Abbreviations after Whitney and Evans (2010) (Cal: calcite, Chl: chlorite, Ep: epidote, Qz: quartz).

DOI: 10.22067/ECONG.2021.52100.88283 Vosled VF o0 AFr Y (oalal pulid e

AY


https://dx.doi.org/10.22067/econg.2021.52100.88283

e (3328 O gr) oS e b 55 AT Oljon S b e b3 £ 5 ol

OSas 5 Job Jbb

250
@ Sample no: KJ-XD-17
200 Quartz
g 150 A
< Kaolinite
z
f, 100 - o
k| Kaolinite
tmorillonite
50 A Montmorillonite Moo
. i Quartz
Quartz Kaolinite
: _— andh LW RN B,
0 15 20 5 30 35 40 45 50
26 degree (CuKa)
250
Sample no: KJ-XD-12
200
"«f‘ uartz
£ 150 =
<
z
§ 100 A
B Chlorite Chlorite;
50 A Quartz
20 Muscovite I
0 “‘\...Af\.... - A, ..) \ AJ A_k V\.A A A _LA...(A
0 5 10 15 i 40 45 50

26 degree (CllKrl)

,(KJ—XD-l7e)u_z4;,,;);;,;;,LJ;..,);QLT@LU?J:A.,)\?;;@.L«?UQLNJ?;k;ud'lfj\w{;_\jﬂu‘;lﬂ.c;.ﬂqa.:lo LS YR I ()
(K\]'XD‘].Z a)L».i: ‘U’)&J) @)‘-\JT —L.;:Jx‘) 6‘.&4}‘.'\? BL \:A:.mijw _k:".'-JL{ @Lﬂ;/.) :B

Fig. 9. X-ray diffraction graphs from alteration minerals of the Kuh-e Jarou Mining District. A: Argillic alteration within tuff host
rock (sample no. KJ-XD-17), and B: Chlorite-sericite alteration within rhyolitic-andesitic lava (sample no. KJ-XD-12).
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Fig. 10. Hand samples and photomicrographs (reflected plorized light, PPL) from ore minerals at the Kuh-e Jarou Mining District. A:
Disseminated fine-grain pyrites within volcanic rock, B and C: Vein-type quartz-chalcopyrite-bornite mineralization, D and E:
Bornitexchalcocite in cement breccia with volcanic clast, F: Disseminated chalcocite, G: Replacement of chalcocite on rims of
chalcopyrite and bornite, H: Intergrown of chalcopyrite and bornite, 1: Covellite-chalcocite replacement on bornite, J: Galena and
sphalerite inclusions within bornite, K: Occurrence of digenite and chalcocite on bornite, and L: Disseminated native Cu accompanied

with supergene cuprite. Abbreviation after Whitney and Evans (2010) (Bn: bornite, Cct: chalcoite, Ccp: chalcopyrite, Cv: covellite,
Dg: digenite, Gn: galena, Py: pyrite, Qz: quartz, Sp: sphalerite).
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Fig. 11. Field and hand samples photographs from mineralization stages at the Kuh-e Jarou Mining District. A: Pre stage
mineralization as disseminated pyrites within Upper Eocene andesite, B and C: Quartz-chalcopyrite mineralization stage within
pyroxene-amphibole andesite (EP* unit), D: Chalcopyrite-bornite mineralization stage within altered tuff andesitic breccias, E: Late
stage barite vein within latite andesite (EP unit), F: Quartz-chalcopyrite vein crosscutting by late stage calcite vein, and G: Outcrops

from oxide-hydroxide supergene with 12 meter thickness at the Jarou deposit (looking to east). Abbreviation after Whitney and
Evans (2010) (Bn: bornite, Cal: calcite, Ccp: chalcopyrite, Py: pyrite, Qz: quartz).
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Fig. 12. Paragenetic sequence of minerals and ore minerals in Cu depoits of the Kuh-e Jarou Mining District. Thickness of line

is representing the frequency of minerals.
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Fig. 13. Photomicrographs (transmitted plorized light, PPL) of fluid inclusions at various deposits of the Kuh-e Jarou Mining
District. A: VL fluid inclusions hosted by quartz crystals of the Jarou deposit, B: VL, LV and V)fluid inclusion assemblages within
quartz crystals of the Ghezel Cheshme deposit, C: LV, VL and LVS fluid inclusion assemblages within quartz crystals of the
Gomosh Dash deposit, D: VL and LV fluid inclusions within late stage barite of the Bidestan deposit, E: LV fluid inclusion
assemblage within quartz crystals of the Jarou deposit, and F: LV and L fluid inclusions within late barite crystals at Ghezel
Cheshme deposit
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Table 1. Microthermometric measurements of fluid inclusions in quartz-chalcopyrite veins from the copper deposits of the
Kuh-e Jarou Mining District

Deposits Type 0 (G () (0 (0) (wokNaCleq) o)
LV 3 -22t0-26 -55t0-83  ------- 196-213 12.0-86 0.95
(205) (10.3)

LV 4 -25t0-28 -6.2t0-10.2  ------- 2?;%;17 9&-11.;152 1.00

LV 4 e -75t0-9.6  ----mm- 15(%%;)’8 11('112f_13?;'5 0.98

LV 5 -25t0-29 -45t0-85 « ------- 22&22;;,5 7'?5%2)'3 0.88

Jarou LV 4 e -77t0-9.0  -meeee- 2%;%10 11(13212?;0 0.97
LV 4 -25t0-28 -52t0?  ------- 1“25121:;’1 ?811; 0.90

VL 5 e 5.410-95  -m-emm- 2(();%2 8&'11_8’54 0.85

VL 6 mmmmee- -12t0-30  ---eee- Zgj;’e Zégo 0.90

VL R B5710? - 2?2%38 ?é?é; 0.92

VL 6 mmmmee- -35t0-5.0  -m--me- 2?2;%‘)30 Sggjo 0.77

LV 3 -21t0-24 -72t0-96  -----m-- 25(3;35')37())6 10(172113)5 0.97

LV 5 - -112t0-14.3  -------- 26(5;3{5)’5 15&'126;_165;'0 0.91

V2R - T— 13310-165  -ooreee- 2?;‘;%?5 17(128155;8 115

LV 4 -19t0-23 -95t0-138 --orem- 2?292‘)31 13(145157)6 1.01

VL 3 21t0-23 -7310-104  -coeeer 25(3?;;()35 10('192'_17‘;'4 0.97
. s 561085  woomer 228%?6 8(1015)3 0.84
Y/ R S— 9610-122  weees 3%35’%;16 132'154_19‘;'2 0.76

LVS 3 e e 250-265 25(3;8%?0 3‘1375315;5 1.20

V< - S — 221-247 ngégg)’s 33('393%‘;'6 1.00

LVS 4 e e 254.275 2?292())1 35(3953;;5 1.08

LVS 3 e e 236-251 2?36330 332'37‘5’2‘;'7 114

n: number of fluid inclusion analysis, Te: eutectic temperature, Tmie: final ice melting temperature, Tmy: halite melting
temperature, Thyyv: homogenization temperature
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Table 1 (Continued). Microthermometric measurements of fluid inclusions in quartz-chalcopyrite veins from the copper
deposits of the Kuh-e Jarou Mining District

DEgesil  TyEE (ng) T(T:) (Trg; Ihé)v (m.c;)a:\ilgig eq.) I(Dge/gzl]ts))/
LV 4 e 7510102 T HE0 Nt 112

LV 5 231027 -10710-133 T TR M 099

VAR JR— 501002 T AN Sal 089

LV 7 221025 -4lto-75 T FRA “het 10

Ghezel Cheshme VL 4 -mme- -37t0-56 2‘?;'6%?7 6(32)7 0.98
VL 4 200023 850-103 T 2PN el L0

Y/ I R — 381051 T 22 0200 o9

Y/ I — L6t0-43 T 2220 Zael 098

VL 4 19022 -46t0-72 T 208 TenT s

LV 5 181022 45068 Z00° fant e

LV 4 e 151035 T 1R Zos 00

Afshar-Abad LV~ 4 oo 8210-102 T ZO-E Hoa? o8
LV 5 -1910-21 67w0-01 T F5E e 18

LV 4 8028 77089 T YAS HoaT o

LV 4 221025 96t0-122 T 225 Ne” 108

LV 6 -2410-27 -82t0-103 T 20 M oss

LV 6 e 14210-165 7 20200 B e o2

LV 4 71020 -115t0-133 77 F0 . 115

Y/ I —— 371062 T 290-303 6095 78

Bidestan B e 153180

VL 6 -19t0-21 -11.3t0-14.1 P S0 oss

Y/ R SR 750102 T 2009 Ha? o

v s -

v o a5

v i
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Table 2. Microthermometric measurements of fluid inclusions in late stage barite veins from the copper deposits of the
Kuh-e Jarou Mining District. Symbols is similar to the Table 1.

LB pE W (°T£) T(né) Ith)v (m.;a:\ilgig eq.) I(Dg;grsr:?),
LV 4 21to-24 -45t-60 201210 7292 0.98
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Fig. 14. Histogram diagrams of homogenization temperature, density and salinity in fluid inclusions of the Jarou copper deposit.

A quartz-chalcopyrite vein, and B: Late stage barite vein
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Fig. 15. Histogram diagrams of homogenization temperature, density and salinity in fluid inclusions of the Gomosh Dash copper
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4> L:) LV LSL#)L:QL:A Tmice 9 ThLV Q‘x&? cggd_m\.nb_}i)
YOF LM (o 4 50 Ol L(do 5 AO G S s,
\:—m}éu;u@uféu )3 VYo L) oL 8 5l a

st (o) & Bl dor y3 N Lo 520) 3 § 5w s y5 — VWY

DOI: 10.22067/ECONG.2021.52100.88283

aF

donzr P Lt Jhw Sl sbobe
5 15 5V s VL LV jloke g s o sl p o5
26 tcnlbd; L LV ke g s 5 5 Capm SIS

Sl 2 @b el b osls jade i deio Jj Sl

\ D)Lm.jl AF 693 AFY gé:\..a.:;‘ stL.&u:A)


https://dx.doi.org/10.22067/econg.2021.52100.88283

o (gl o s) oloma S Gdan b 3 SLEAET Olje S b e 3 ¢ el Qb&m&}ylﬁé&

00 S a5 LV (sl bobe Thiy pslis ool e cae S0 dslan 539 Ao )3 WIV G /8 (650 i Jalne olie ol kT
BAOF o doird 3 LalS (5B Slas sl Ol p3 (o ps A b JS8) Col oSa jza Sl 10 5 VY G AS oy S 5 lebs
e ba (LS Sl a3 WO L) sl 8 Slwarys A YoV Sy e 5 W) VL (lasbiols Ty slie (A-)F
L) sl § Slwar sV BV o T o TMie Sl Jaangie) 51 5 Sl dom s WAL Y Y o 55 5,18 Olbjse a3 (des s
Gt (B-1F JS8) T s 4 (o 5 Sl 4z y3 Y78 E=VF o 6T 5o TMice S 5 wlo 364 (51§ sl a5 Y
o I8 5 b oK Uslae (355 4 ys WFB VA ookl Uslae (587 Sl 53 =510 Lo 20) 51 S Sl o p3 =V o /¥
i J)&)MTQ:Q%&P&JL»JIC; AD G +/AF m;_w;g‘(.w&g‘);m@;}uﬁwvuv/v@,_.:
Fail oS AL VA o 55 okoke ol JEs () Jsi)

12 _@ 7 OLv-type (n=17) 7 O LVv-type (n=19)
0 LV-type (n=21) - EVL-type (n=12) - B VL-type (1=23)
7 B VL-type (n=23)

10

Frequency

| OLv-type (n=13) 1m LV-type (n=18)
10 4 [ Lv-type (n=21) . .
e . — .
c
2] 1 | 4
Z 6 4 i
LT_ 4 - 4
4 - i 4
0 e [ IR RN IR RN AN RS RS R
0 5 10 15 20 25 30 35 04 06 08 10 0 100 200 300 400
Salinity (wt.% NaCl equiv.) Density (g/cm?) Homogenization temperature (°C)

Sk 5B 5 Sy SIS 518 €A o I e Sl o slasbikn 53 6555 5 S (ol 00 Kan (Slos s slasls g T
b

Fig. 16. Histogram diagrams of homogenization temperature, density and salinity in fluid inclusions of the Ghezel Cheshme copper
deposit. A: quartz-chalcopyrite vein, and B: Late barite vein

$tasS; 3 LV JLole p5 &S5 5 Ca g SIS - 5418 slaaS LTS Sl b S ko
B bl s gLt TS o b st 2L LV ool g5 55 ol b i a4 3155 1 ol G

DOI: 10.22067/ECONG.2021.52100.88283 Vosled VF o0 AFr Y (oalal pulid e

a0


https://dx.doi.org/10.22067/econg.2021.52100.88283

e (3328 O gr) oS e b 55 AT Oljon S b e b3 £ 5 ol

OSas 5 Job Jbb

Sl ol ol Ol ps (s e Ve Sus )y
a3 1AV Lo g2e) 5 8 sl 4z s YYO 5 WO 1 5LT,L 230
035 o 2 4 T 5o TMice s 5 wlo 56 4 (15 s
e 2L 355 (6, S e il B (g See ¥ 51 1S slal) La L0k
S5 Sl 53 3o pe Lol 5> I 5 (5555 ol

L o LTl Ll

b Sad a3 L) LV slasbobe Thiy jldde o aniwles
Lo 26) 5 8 Blo a5 YFF B VA0 o 5018 Olbjee 3 (o3 Ar
Sl et T s o Sl (58 Sl ay XY
Lo gz) 5 8 sl a5 =V /Y B =V/0 o baybiobe oyl 5o TMice
8389 3 VY G Y/ o 5d dols (o) & law dom y5 —B/A
oS ol 0 S VAL UM o S 5 pleb LS Uslan

a3 W LV o jlobs Thiy slie (W JS2) doT Cs

| OLV-ype (Quartz, n=27)

Frequency

| O LV-type (Quartz, n=14)

| OLv-type (Quartz, n=28)
1 O LV-type (Barite, n=16)

0 |||||III
0 5

0 15 20 25 30 3H 04 06
Salinity (wt.% NaCl equiv.)

08 10 0 100 200 300 400
Density (g/cm?)

Homogenization temperature (°C)

SUT LS o SLdlS” (6,5 b b 5 S SIS = 515" oy Sl (slasbike 55 (6555 5 I ¢ ol Otd Kot (slos 5 s (gl i 503 Y B
Fig. 17. Histogram diagrams of homogenization temperature, density and salinity in fluid inclusions of the quartz-chalcopyrite and

late stage barite vein at the Afshar Abad copper deposit.

olis ol el s 4 (61 8 sl a5 —VW/F s 2a) 51 S sl
I 5 plab s slae (355 A3 VWAL VWA (5555 Jlas
23le (AN JS5) ol aSe Sl 105 VNG AY
BrICUEPTS SRAT ‘;u\_‘i'j:‘\?‘)ﬁl{)VLdl:_ﬁﬂ sla,boke Thye
)3 YM L ia) o & 5o a3 ¥V B YPF o 55 518 Ol
SV LY o T s TMice S i 5 o BRI g

G &/ L;;;.Zd.slm(ﬂ;éb@)s—‘\ﬂ Lo ge) :lfsﬂl.w\?)s

Ol L™ Jlw S0k
e, ;5 LVS VL LV Lole g5 S35 a
Sk by VL LV jlobe g5 53 5 Cu e SIS - 508
(eled gl il s el Oy LS 55 (s Py
A GV Fai a3 k) LV- laybots TMice s Thiy ol i
3 8 Sl a3 WP ENIY o L5 s 51 Olajen (A3

4> VLAY 5 mbs o (1F Sl a3 YO Lo ga)

DOI: 10.22067/ECONG.2021.52100.88283

\ o)L«...'I: AF 693 AFY gé:l..a;é‘ g;"’l";‘u:")


https://dx.doi.org/10.22067/econg.2021.52100.88283

e (3328 O gr) s )lro S Gdae b s LT Olijon S b s 153 £ 5 e

OSas 5 Job AU

GV, ;J_.CZJ; a3 L) LV (gla,bols Thiy sl ¢ miales 3
B IAY o Ol L (b (gl )b Ob e 53 (Ao 3 4
Sl i 5 ()8 Sl azy3 VIV Lo 20) 5 § 5w a3 YFO
a3 —F/¥ Los g2a) >|;L5:JL.~ )3 =06 Y+ oo T 55 TMice
Gls  odbamnlons ()55 (B [S8) el s 4 (o & sl
o o 5 plab & Uslan 355 Ao ps WP LYY o TMice
M4 (¥ Jsu) MT\;M}‘\{\TA{GJ;O‘;L.&JIC; VY G /A
Sy a3 5 05,5 ¥l S sle) VL 6o jbiks 035 52
o Oy HdlS (sl ol ps (Ao s Vo 3l S
g5l & 5 o5 3l a5 TMice s ThLy &l o

REJN D

J@g— OA JS) wal s plab ¢S Jslas 535 Ao y3 W
el e S jn Gl 0 1AV G VA e 55 a0k )
Slobobe alie (do y300 BT S8 Ol o LLVS (gl bisle
e bl e la gy b i Ee S LIS LVS
La,Loke ol s TMh Ol pois s - Kea plesba 8 B oas
3 (18 Bl ary3 Y90 Lo ) o S s o p3 YAV Y
538 A3 WV GO o OT (Sls s odiidmslous (65 58 &S s
55 (Thoy) S€ 56 u.uui..a slos el s 4 ccl&b SKad Jslre
W L) o F Sl 4 s MY U YAD o LT s
VY o LVS lajbobe J&o 5 () Jsier) s b (o) 8 sl

12-(A) 1 Owvape=17) 7 OLvaype (1=23)
10 4 [ Lv-type (n=22) - @ VL-type (n=15) + W VL-type (n=17)
> g EVLtype (1=17) | OS-type (n=13) | O s-type (n=17)
g 1 Os-type (n=16) 1 ]
o 64 . ||
(]
Lt 4 4
4 - _
2 _
. NARAD AR RAAAN AR I B SR AR RARAN AR
] { D Lv-type (n=16) 1 O Lv-type (n=17)
10 - [ Lv-type (n=23) u i
3 8- . .
c
[} E 4
X2 : :
Lt 4 4
4 - _
2 i i
N RS LA RSN RAARY RARAS AR ALY N B ' i RN RARRN RARRD RARRS RARRN RARRS RRRRE RARE
0 5 10 15 20 25 30 3% 04 06 08 10 0 100 200 300 400
Salinity (wt.% NaCl equiv.) Density (g/cm?3) Homogenization temperature (°C)

QJLA?)B}QJ&}QK—;)‘;K)AQk.ﬂu\::w)l.ugdl:aﬂ6&)‘40‘:&))6}}&}‘;&?‘&L@JQM&&L&)&P6&)‘.}}.‘“.‘/\&

353 6,8 S BB 03 51y s & e VL sl 53 (555 5 J&s tnSon sles 6,5
Fig. 18. Histogram diagrams of homogenization temperature, density and salinity in fluid inclusions of the Bidestan copper deposit.
A: quartz-chalcopyrite vein, and B: Late stage barite vein. Homogenization temperature, density and salinity could not be measured

in VL fluid inclusions of barite crystals due to their fineness.

DOI: 10.22067/ECONG.2021.52100.88283

av

\ D)Lm.jl AF 693 AFY gé:\..a.:;‘ stL.&u:A)


https://dx.doi.org/10.22067/econg.2021.52100.88283

e (3328 O gr) s )lro S Gdae b s LT Olijon S b s 153 £ 5 e

OSas 5 Job Jbb

) w—‘pf Gloidu 55 a5 -85 (Gl S8 Culg 55
8 S s g gl Gl o (e D0 ) S
039 gV gl (S 381 4 350k 5o S 4l 53 (55La ST
S o Sy (gl polie 5 (2059 oS U )
ooy 3305 2 3 ndlS A tns 5 Sl §5 2 S

Lo

LSl Ol e Ky (550 3 53 10k o s 0 09 % (2
oy 51 el Ol o K 6 185 2 g5l 55 e sl
)15 (6305 Coanl J13alS” gla_tiu 5 8L OT by 56 2 s
O e K 8 5 20 45 (CoOX et ., 1979; Cai et al., 2016)
A oy LT s 09k 5 3 pals oS j1 o155
Gl crl s HoulbeS Bl Sl bt o5
2 23S ke 2l Sl 53 50T S glo 8 Il O
Chi and Xue, 2011; Henley etal.,) & 55 s U3 55 bl

(2015
S 5ylme 8 4t sla ) Lils 53 ol Ol e K o 1T )
5 S ool (g ab b (gl b Lol gt g1y 5T )3T 5 Sl isT
5T oY ANk T (g b, 5 sl S5 L ylso i
) 9 or 3n S ST kian GV s S i b s
odalie BB s v 5 2 IS ¢ ko (sla oo S5 ol jon K
o et Lt 25T 0L 0 S (VU (5 358 e
Jhs 50 godanole 5 28 5 Caloiea (slalgr 53 Sl &S~
65 SlaatiT Jodseie 5 5 0u3 58 SlacSim & Dy b i8S
@JJQT,\:T‘{”J{A@J|,&u;r56u@u;“w,'du
Sy 0413 33 FS i ¢ oo ol 33 ol sy S
I e me 5 bl 5 165 Oty s (s Sl £3)
3t Jmw O o 5 S2alST 5 )oadlS” slad sl IS 61
Slid a3l 5 La e OAd 550 (ZhoNg et al., 2013)
B8 O 3 S o o 5 plro s ol 53 Sl STl 5 yn

dl o) s Jle b e (GRS L i (gl il (gl e sl

&

)
146 o S i _klge

Sl B3 0 o388 — gl il e ) ¢ ol s dal i il
S Ay B ahagh opl 5o el plesil Jlw (sla bk
0303t 15 SIS el b Bl 5 5k 4l sl s il 53 e
R

Sy B4 ookl dals b Gl 1SSl ymolis (I
L e LI 53 glre S gikne ali o b F slac
> (Hosseini, 1996) .l aiaze )3 2iS” J.S S
3 S8 bl s 1 oS gloraler dSC (23S gl s
Vs 5 LSl (6,8 sl (6l 1y oilis e g ods Jl (slaliss
< (Chi and Xue, 2011) 4S" s slew! T 3l ods 53T ol §
Manto Verde L gle g5 e 23 o smas )3 035 4
Sl dls ¢ Ll 5 i s (Pollard, 2006) el odis i) 8
boslaptim 4 VU La b sla s Sl ey 4 b Sl
Loy S ol gaanl 315 s o0 S Ol ol 5L
S it 5 (3 S Sy S5 SV b ST
(Corbett and Leach, 1998; Al Hakim et al., 2018) » 2 .
23 el gylme S e by LlS 3 (g5l ST oLl SOk
5 IS e o) s JoF e sl S S
A 3 s (5L Gl OT b & o) oo dal s .l
sla S ( LS PREse L) 31y 5 ok plonil A o
JS) e ul;@dz_:fduo,',;,;w,u&fw;f
v

Sk ba S Ss b Ll 5 457 (350 o gl Oe |
~E 5 ) SIS ot B ey sUS 5 Sl
Slaag b Lad e slao) s 5 'l gla Sobend 55 el aanS
Cai etal., 2016; Al Hakim et al., ) 55 » il ol LS
Ay o s dal o ol b (2018; Cheng et al., 2019
Slaldd sl o e S 4l o s o8 a5y 22 S

5 mes (65585 Slres g | Sleals” Jlw ué\f o> Jl 6l i

DOI: 10.22067/ECONG.2021.52100.88283

\ o)Lq..'I: AF 693 AFY gé:l..a;é‘ gf“'uu:")


https://dx.doi.org/10.22067/econg.2021.52100.88283

e (3328 O gr) s )lro S Gdae b s LT Olijon S b s 153 £ 5 e

OSas 5 Job AU

ST LM i sl los ow i 2alS &S Ay o
5 SIS 5 S5 6,8 S 3 (i s B s
2l 4l e syl 3 (b (1S (lay sl 0T
g lae 3 0ds Ken (slos s g0 35 (V4 JS2) s
Slid rals ame p3asb pl 3 s 0154 ) sage idw e o
S s e Tl Saii, 0T o s ik sl 5l b

08 o) wsb o 8
L;Laﬂf,a:_i):\uuvj@m?U&wajg_i-fru@a\g-}slg
b o5 o p il 3 a3 W B Sldly b e e
bbbyl 5s s LYt os s ¢85 NTO-B0E o &5 (gl 5
13 303 4 2o 5 b ¢t L Ut ) 553 4l ol s S
oslizl b B (sl gomie 3 S5 Jle 5 O Kon (sles
ko s> 5 (Zhang and Frantz, 1987) sl 5 5 <Sil5 alsas
«Driesner and Heinrich, 2007) s 2 5 5555 Lo 5 553!
5 oS o fla e SVIVEY o S 3 Wl Jlws sl k0o
08 JSC8) wlods |85 (e Fev Gas Lo s2e) JL YO0 GO0 Lz
G T 5,5 5 2S5 s ailate jLis ,2al 513 0T 3l
I 22 153 Sl sl slie S| glockas i les o7 55
SYCRIZAR w,uﬁsj(\f&ﬂ@u”ﬁw G /A o)

bl § ISE 5yl 055 obme 4ol s (gla il

L1 g

Jo) b 5lbs 57 iy o7 53 4l S (g sy - SlaiT JIg
(Ruiz et al., 1971) O, 5ea 5 555 low 5 Jb i (Sl
Sl o 5 ke & 0k 320 O S s 153 Oliin Ol st
A (S b 3o § 5 e (sla, LS Ol 5 4 (SatO, 1984)
o pdles ¢ Sl G ol 5o ada 513l 51 polie Slads 5o
e Dl e (sl )uslS” O g a4 O e S 5 1L
Kirkham, 1996; Cabral and ) 4_& s, & il_2é 5T
(Beaudoin, 2007

el 0l g S E i SUET =i 0 )l L o 5 2147
S S5 b il el wa Yl Lo b e s LS
et e Sl 3055 4 aS 0o g e g g e 53 50

(Klohn et al., 1990 «Wilson et al., 2003) .l st i §

Sl 53 Cap SIE - 518 o Had—HLid 8 (z
i § )3 ez ) (w2550 4 s)lre S Gobne 4l o
et im0 8 KT glad slows | s S J e
Lo ol bl § S8 oK Jl (slalib 5 ba KanSls 090
Ll 5 gr 5 b or SRl leislp ) b 4 OT I B )l
Lol 5 ) A8 o 1y 6K otias S5 (sl SIS 5 3k ) ol
Skl 3 (K HaSIOs S5 L T s et b o ks
L ladE ) 53 IS Jgana i S5 Gb 5 (slad s
2o 3 PH i des 5 5L rasdle (6 803 Jolse el osdhe
Heinrich and ) 4o o (5L coge ki ook S Dl
(Candela, 2014

o 31 Ko Lol jolie 51 (gl W5 o ¢ abens 5 oshe ST
&SG5S a5y dCat 5 K2 NP k) W6 ol
e Jl 5 o 0 S il (55 Jlom 3 o o
Sl o 53 A o 5 CF ke 287 55 JalST 5 b4 503
(Liebscher and Heinrich, 2007)

sl «(Boiron et al., 2010) O LS 5 09 i Sipsi Gob
S e S, 3l 5 gles [2als 5 bl glay b
Gl dhaor 51518 087 Gblie & Jlw )5 51 (30,1t ST
o ShaS” L (611 prbin Lol 5 VL sla il 5 2S
i )2 o5 AS o ol gy sl 5 s o Sl 0 5 4 (50
Ol 3o 5 (5 5 S me (S aliine (5 6 ool i O
Lo I3 sa5 Jleslawl U s jls lasms 53 (HS™ 5 S%) (g sdl 5
s (Sl ; LOT aslin 5 (555 a3 g O3S
4 e (WilKINSON, 2001) O3S g o5 S J o5

DOI: 10.22067/ECONG.2021.52100.88283

\ o)Lq..'I: AF 693 AFY gé:l..a;é‘ gf“'uu:")


https://dx.doi.org/10.22067/econg.2021.52100.88283

(gl ) e S Gdan 4l s AT Ol e S b o o3 6 5 ol OLSes 5 Job e
400 ~ - T — —
;)@6 - . ,~/ s .’ ____’_:‘ _______________
T g el o - 200 bar s Parent fluid
JeSge® 0o Q% B
- \ . QQ; N
- o\ ® : N e
.- ___ 100 bar ~—————"7"77 P
300 - ] O JRGL
7 & ‘ £ 7 — 4
| Q2% 7 i __.B0bar ——————"& 7
T AESFAG B - o
— - +ﬁ‘@-'-' 4 - ./
S S -
~ — > ‘ - /7 Heating/
= 200 - —-% ¢ ———— 10 bar ———\§ ————————— o e depreses?ulr?gation
- & &/
- N
_ P c-’Q/ Isothermal Isothermal
2 < . &7 mixing mixing
- &56 7
- . Qe; A .
[ S — -~ Pressure= 1 bar --——-- L — eét"\-/ Surface fluid Boiling
100 . Y4 dilution
R4 4 " Cooling/
- R L7 Q/@"/ pressurization
- Jarou Gomosh Dash Ghezel Cheshme Afshar-Abad Bidestan
O Qz-Ccp vein [0 Qz-Ccp vein A Qz-Ccp vein Y Qz-Ccp vein =F Qz-Ccp vein
O Brt late vein [ Brt late vein A\ Brt late vein =L Brt late vein
0 rrrrprrrrrrrrrrrrrrrrrrr1rrrr1r[rrrrrrrrr

10

20

30

Salinity (wt.% NacCl equiv.)

226k ) slacusl s SIS~ 5157 o5 Il (510 L0k Carb o 2l 5 (6555 o 3 05 Kod (glos ol ol a3 V4 S

sl s> s (Zhang and Frantz, 1987) 51 5 5 <Kl dstas leslizl b J&or (gl gowte Oty 5 3UT jLidl chaird $ e 13 530 8 syl o sla LS

WIIKINSON, ) & sl 5 15 05 3l o3l b 55 s J o Calien (glantig y ol o _uLi8 (Driesner and Heinrich, 2007) @3 5500 3 )

sl c-L'va..»_) ‘(2001

Fig. 19. Binary diagram of homogenization temperature versus salinity and presentation of fluid inclusion assemblage data from
quartz-chalcopyrite and late barite veins at the Jarou, Gomosh Dash, Ghezel Cheshme, Afshar Abad and Bidestan copper
deposits. The density and isobar curves plotted by Zhang and Frantz (1987) and Driesner and Heinrich (2007), respectively. Various

fluid evolution trends adopted by Wilkinson (2001).
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Table 3. The main characteristics of the Kuh-e Jarou Mining District copper deposits compared with the similar deposit types

(including Michigan, Manto-type, and volcanic red-beds).

L Chilean Michigan or . Kuh-e Jarou
RS Manto-type Keweenawan ViellgEnits reeleees Mining District
Amygdaloidal I Amygdaloidal Amygdaloidal
andesite flow, Toleiitic ﬂ.OW basaltic flow, rhyodacite and
basalts with

basaltic lava, coarse
volcaniclastics
beds, volcanic tuffs

Host rock sandstone and

conglomerate

Magmatic series Calc-alkaline Tholeiitic

Back-arc basins,

; Semi continental
island-arc,

Tectonic setting

continental-arc rift
Cu- and Ag-
. Chalcocite, bornite, natlve_,
Mineral - - chalcocite,
chalcopyrite, pyrite, N
assemblage b . digenite,
hematite, Cu-native .
malachite and
azurite

Vein-veinlets,
strata-bound
(restricted to

particular units)

Disseminated,
open-space
filling, massive

Ore texture

Quiartz, chlorite,

Calcite, quartz, epidote, calcite,

Gangue minerals epidote, hematite,

chlorite and zeolite and minor
zeolite
Silicification, Mostly without
Alteration sericitization, distinct
propylitic and alteration related
carbonates to mineralization
Age Jurassic to lower Precambrian
Cretaceous
Kirkham (1984), Brown (1971),
Wilson (2000) Larson et al.
References Wilson and Zentilli (2003),
(2006), Kojima et Rosemeyer
al. (2008) (2011)

trachyandesite,
volcanic and
volcaniclastics tuff

pyroclastic rocks
with tuff, siltstone
and sandstone

Calc-alkaline to
shoshonitic

Continental rift Continental-arc

and marginal subduction zone
plates
Cu- and Ag- Bornite, chalcocite,

digenite, Cu-native,

pyrite, chalcopyrite,

and minor galena and
sphalerite

native, chalcocite,
bornite, dejurlite,
digenite, pyrite

Vein and veinlet,
breccia, replacement
and disseminated

Disseminated,
open-space filling,
vein- and veinlets

Calcite, epidote,

quartz, chlorite, Quartz, calcite,

barite, chlorite

zeolite
Mostly without
distinct alteration Chloritic, sericitic
related to and argillic

mineralization

Proterozoic to

tertiary Upper Eocene

Lefebure and
Church (1996),
Cabral and
Beaudoin (2007)

This study
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1. Feather-like ruptures
2. Cu-volcanic redbeds
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