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The Aregijeh and Emarat Pb-Zn deposits are hosted by clastic-carbonate sequences of the Early
Cretaceous in south Arak. These deposits formed in the northern Sanandaj-Sirjan zone within an
intracontinental rift setting. The main stratabound Pb-Zn mineralization horizon occurs in the upper part
of thick-bedded Orbitolina-bearing limestones (Aptian-Albian), underlying shales and marls with
intercalated thin-bedded limestones. Mineralization appears as banded, brecciated, laminated, veined,
and disseminated comprising sphalerite, galena, and pyrite, with minor chalcopyrite, and Ag-Sh-Cu
sulfosalts, accompanied by quartz, dolomite, calcite, barite, and siderite as gangue minerals. Silicification
and carbonatization represent the dominant alteration types. The unusual abundance of fine-grained
quartz, anhedral dolomite, and framboidal pyrite provides evidence of early diagenetic stages, while
mineralization was completed by the precipitation of coarse-grained quartz, euhedral dolomite, siderite,
and hydrothermal sulfides. Ore formation occurred in a submarine anoxic environment shortly after
sedimentation. Microthermometric results of fluid inclusions reveal similar homogenization temperature
ranges (125-207°C in Aregijeh vs. 130-217°C in Emarat) in both deposits. However, calculated
salinities (7.59-13.72 wt.% NaCl equiv. in Aregijeh vs. 7.59-19.84 wt.% NaCl equiv. in Emarat) are
higher in the Emarat deposit. Textural relationships, mineralogical properties, and fluid inclusion data
suggest mineralization formed from basinal brines during diagenesis in a reduced environment,
consistent with Irish-type deposits.

Introduction

deposits in this belt, some areas remain insufficiently

The Aregijeh Pb-zZn deposit, located in southern Arak,
Iran, lies within the Malayer-Isfahan lead-zinc
metallogenic belt and is hosted in a Lower Cretaceous
sedimentary sequence. The Malayer-Isfahan belt is a
significant carbonate-hosted metallogenic province,
containing major deposits such as Emarat in Arak,
Irankuh in Isfahan, and Ahangaran in Hamedan. Previous
research in southern Arak has primarily focused on the
Emarat deposit, which contains proven reserves of 1.5
million tons with an average grade of 5% Zn and 1% Pb,
situated on the northern limb of the overturned Mouchan
anticline. Although recent studies have investigated other

studied. Existing work on the Aregijeh mineralization
has largely been exploratory in nature. Recent extensive
exploration efforts by private companies have targeted
lead and zinc resources in the Aregijeh area (Fig. 1c).
Additionally, Niroomand et al. (2019) conducted
detailed research on the nearby Rabat deposit.

This study presents a comprehensive characterization of
the Aregijeh deposit. Given the stratigraphic similarities
between the Aregijeh and Emarat mineralizations, along
with the extensive prior research on Emarat, we compare
the two deposits according to new classification of
Wilkinson  (2014) through field observations,
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petrographic analysis, and fluid inclusion studies. By
integrating new data from the Emarat deposit, this work
aims to elucidate the evolutionary history of ore-forming
fluids and provide insights into the genetic processes
responsible for mineralization.

Materials and Methods

To investigate the Pb-zZn mineralization characteristics
of the Aregijeh deposit and compare them with those of
the Emarat deposit, 39 surface samples from mineralized
veins, altered zones, and host rocks were collected from
Aregijeh, along with 25 samples from the Emarat
deposit.  Subsequently, 27  thin and  polished
sectionswere  prepared for  petrographic  and
mineralogical studies of both ore and host rocks. Field
investigations and microscopic analyses focused on
determining the stratigraphic position, structural features,
textural relationships, and the spatial association between
mineralization and host rocks.

For detailed microscopic examination, standard thin
sections (46x27 mm) were prepared from selected
samples and analyzed using a transmitted-reflected light
microscope. Following comprehensive petrographic
studies, scanning electron microscopy (SEM) was
employed to determine mineralogical composition and
semi-quantitative ~ chemical  analysis. ~ Samples
were carbon-coated for 20 minutes, and 31 points were
analyzed using a JEOL JSM 7100F SEM (Japan) at 15

kV accelerating voltage. Due to the repetitive and similar

phase compositions observed in SEM results, only
representative data are presented.

For fluid inclusion studies, five doubly polished
sections (100 um thick) were prepared from sphalerite,
quartz, and carbonate minerals associated with ore
samples. Additionally, twelve doubly polished sections
of quartz, dolomite, and sphalerite from both Aregijeh
and Emarat deposits were examined. Microthermometric
results were conducted at the Fluid Inclusion Laboratory,
University of Isfahan, using a Linkam THMG600 heating-
freezing stage equipped with a TMS-94 controller and
an LNP cooling system, mounted on aZEISS
microscope.
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Results and Discussion

Petrographic  observations confirm that the
widespread dolomitization, resulting from regional
diagenetic events, has enhanced the permeability and
porosity of the rock. Fine-grained and anhedral dolomites
have formed during the diagenesis of limestone deposits,
while coarser-hydrothermal dolomites associated with
mineralization (Fig. 7c). Dolomite is predominantly
found in the thick-bedded limestone unit, exhibiting both
fine-grained and coarse-grained silicification in the
mineralized sections of the rock. An unusual abundance
of quartz characterizes both deposits. Fine-grained quartz
predates the mineralization, whereas coarse-grained
quartz is associated with it. The ore minerals consist of
sphalerite and galena, with lesser amounts of pyrite and
chalcopyrite. Common textures include breccia,
replacement, vein-veinlet, disseminated, laminated,
colloform, recrystallization, and framboidal textures.

SEM results indicate that framboidal pyrite
laminations are observed within the context of dolomites,
which are replaced by coarser pyrite, galena, and
sphalerite (Fig. 7a, b). Petrographic observations indicate
that the size of the pyrite grains is less than 10
micrometers (Fig. 5a), which may suggest a completely
anoxic environment (Wilkinson, 2001; Bond and
Wignall, 2010). Zinc, lead, and iron sulfides were
relatively replaced during the initial diagenetic phase
(Figs. 5e and 7b). Siderite and Sb-Ag-bearing sulfosalts
are among the phases identified with mineralization in
Aregijeh (Fig. 7h).

Microthermometric results of fluid inclusions in
dolomite, quartz, and sphalerite minerals reveal similar
homogenization temperature ranges (125-207°C in
Aregijeh vs. 130-217°C in Emarat) in both deposits but
higher salinities in Emarat deposit (7.59-13.72 wt.%
NaCl equiv. in Aregijeh vs. 7.59-19.84 wt.% NaCl
equiv. in Emarat). These characteristics align with Irish-
type rather than classic MVT deposits associated with
orogeny (Fig. 11b), contradicting earlier classifications
based on sulfur isotopes (8**S from +5.8 to +14.4%o)
(Ehya et al., 2010).
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The formation of Pb-Zn deposits in the Malayer-
Isfahan metallogenic belt is mainly attributed to the
Zagros Orogen (Ehya et al., 2010) or the back-arc basin
of the Nain-Bafq region (Rajabi et al., 2012). We suggest
a relationship with continental rifting environments as
recent models in the northern Sanandaj-Sirjan zone
(Hunziker et al., 2015; Azizi et al., 2018; Azizi and Stern,
2019; Rahimzadeh et al., 2021).

Wangen and Munz (2004) argued that thick quartz
veins cannot originate from ascending hot brines of the
sedimentary basin, and the alteration of the host and
adjacent sediments could lead to the saturation of
diagenetic fluids that allow quartz veins to form. Recent
studies by Emmings et al. (2020) indicate that quartz can
form during early diagenesis under anoxic marine
conditions due to the decomposition of terrigenous
sediments. Quartz can precipitate from brines under low
pH conditions in the rock formation, with high aluminum
or iron oxide levels, or an abundance of organic material
in anoxic environments. These brines have a strong
potential for transporting sulfur and metals (Emmings et
al., 2020). Widespread dolomitization also refers to
regional diagenetic processes, and the presence of
framboidal pyrites and siderite indicates a reducing
marine environment during the Cretaceous, which is
consistent with earlier studies on the S isotopes in the
sulfides of the Emarat deposit (Fazli et al., 2012). Zinc,
lead, and iron sulfides have been partially replaced by
framboid pyrites during the initial diagenetic phase (Figs.
5e and 7b). Siderites (Fig. 7e, i) formed initially through
to the middle stages of diagenesis in a low-oxygen
marine environment. Potassium-rich brines, which
produced micas, predate hydrothermal sulfides and form
at low temperatures (below 50°C) in zinc deposits hosted
by fine-grained terrigenous materials (Davidson, 1998;
Magnall et al., 2023).

Conclusions

The findings of this study indicate that the main
mineralization of lead and zinc occurred shortly after
deposition. Basinal brines generated by the opening of
rift structures and subsidence of the basin during
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diagenetic processes, ascended along deep fault systems
and mixed with cold Cretaceous seawater, leading to the
sedimentation of stratabound mineralization. The
thermal source may be associated with the natural
gradient during the development of the basin. The metal
content of the fluids could be derived from the underlying
Cadomian magmatic basement or from Mesozoic
terrigenous sediments.

The tectonic setting, carbonate host rocks,
stratabound nature, and microthermometry
results collectively  support  an Irish-type  deposit

affinity for both Aregijeh and Emarat.
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Fig. 1. a) Structural-geological map of Iran including the location of the Malayer-Isfahan metallogenic belt (MIMB) and Aregijeh

deposit (Aghanabati, 2013). b) Pb-Zn and Iron deposits are shown on the simplified regional geologic map of the south Arak (Vaezi
and Kholghi, 2007). Aregijeh mining area is in SW of Emarat and Shamsabad mines. ¢) The location of study area on Google satellite

imagery. Geographic coordinates are reported as WGS84.

gy Jlod i yo axmSo)l g Olas Jaxe bl (lpl (osm
ST @ a2y @) JSD) 9058 e 8 e e - i
O s~ digy (SHESS ool o e Blasl s L (e
OB g e a0y o] T— 4 aslol j5 g 0l 51wl seg
B ) GregolS (pleSlo oS iz 5l (Ko (g 2 Jotten Jlod
(S8 S5 K sl oy 5l s, (Sl ke 0 G
oeted Sk 5 Sgia5e (S50 slrodss « SSg5silly sl
(Eftekharnejad, 1981) cow | oo ;- Sl 25T slaSiw |

&)

52593930 30 by prw— g a5 Lo j Az U
P Se Oy Gl e —zai e o) (ST Ay

@ gk 100 5l eS Sligy pegkS V00 Slile b ok
IS5 e 1433, sl 515 5 p00me Jlod s 53 5 Silo
S b 515 05055 4 ainly (S5 573 Jlgs S arge (0l @)
(S, Sshy 5 bosir 4 Sl 43 a8 el (G Hlob) Ulsss
Ricou, 1994; Stampfli and ) el so—s LS5 oy you—w
5 Jleds i3 g0 4 4 (Borel., 2002, Fergusson et al., 2016


http://dx.doi.org/10.22034/KJES.2025.11.1.103843
https://gnf.khu.ac.ir/article-1-2935-en.html

[ Downloaded from gnf.khu.ac.ir on 2025-11-17 ]

[ DOI: 10.22034/KJES.2025.11.1.103843 ]

oy 553y Gl I il g cwlidiae) 4 o (2

OHas ¢ Lo solel

ol o b Sal g L3 b ol yon (T b e )b) Jlow ypedio
o8y (Rahimzadeh et al., 2021) wiloass aiigs yo Yoo o
sile YT g oty i iS5 slaa_og> g edlS [ Jlogesls
(Bouabdellah et al., 2015) 05 o 000 55 s 81 5,0 céls
—ombanle MU i S sloas oo Sl okl S 195 40
L aS oo ool (635 50 ol 0,85 > gaSl> ,o cél
Ghasemi and Talbot, ) s s ol jop Jlogasl pcsileSle
obwe ol X—zag3 (2006; Mehdipour Ghazi et al., 2012
L slamio 0,0 il Vb a4l 5l bacKiw ol jiis wlos,S
A_dg> (49,0 45 Aliwa (SUPra-subduction) il 30,6 e
—g le 9 635 e GBS 0803 (e el (LS
.(Shirdashtzadeh et al., 2010) wlax$,5 JS—& ol
2 Oledmol o (2538w oS 030 S o0 0 )LBN S S (sla gy
Gzl ol o5 Sias C8b-ml ca i S s o> ad (g9,
Obree b o pmmis9) lasladl ) ()l 5 w)lo gl (o g oty
Al S S cSlo e Jolo ass b sloas g o LS
Mohajjel and Ferguson, 2000; Rajabi ) wileaw! sy ‘i
et al., 2012; Boveiri Konari et al., 2016; Rajabi et al.,
oS ety ow b3l 4l 9> o Sl - b Al dms o plis
s6.Agard et al., 2011) cow |y s 4w 5,5 o asdly b
9 pmweilSlg Cdled b ylojen LS iy SOLL ansem ol ol
Hosseini etal., ) cuol Jlo oyguko AY B VY L Las o punasgishs
;Lw )sl.s 4 (AIaVl, 1994) Y PN Oy, d_wla; 5o u.‘il)
i Slalllas (Shakerardakani et al., 2015) _lss )|
A > pas> e o o sz UPb 4 Rb/Sr Ar/Ar K/Ar
ol il oad 00y )l s - s A S o USG5
odls #y 8 Jlo aks VY --F0 b s090 5 Jlo eudeo VAL o

JJ.O.{.:’ 5 “jj.]l;’ O N A

I PR EURVIN ¥ X g5 RGO

a3l s bedlil) o3k b huwlgas SleassT sleasly oS 5
i ) gy gl b aS a4l S 4y lae (SIS
Azizi and Jahangiri, ) sl s Sig)spe Siwawls 5 Sal
Al S sla Slia 23T 4 lacusl 5 .(2008; Azizi et al., 2022
Abdulzahra et ) oS oo alad ) 5 o8 S gloasly oYL
L (Casl )5 5 Caym0 09,08) Siulyg5 Sg,0 slaoogs .@l., 2018
Ol s gt 3k oo s Sl osekea VWY BFY (o
Amin-Rasouli et ) ;.5 sla o, » (Azizi et al., 2022) el
b a5 oS @l 2021; Amin-Rasouli et al., 2022
gl e —gai b9 Jled (Vb 4w bS5 sladed (29w
leSle S i ag 5 SIS0 (ool s JIs5S 0
Slalllas wlol 5 cesl 0,58 s 40 oleSle (LS & pzlgs 5l 56
o IRy Jogenl pasileSlo (y97men (sumled SeSey g w0
e 23T Il e - g S50 50 S g5 sloesss
b Ay YL o lo)B B arome Sy 50 Sidgiere (25
Azizi and Stern, 2019; HUNziker ) cool oo ditings w9
Sla Ty SeSa ol L e it a5 Jl> o (et al., 2015
Jud il bone S o Seulyg) (S9,0 srodss (pledie;
il 9,8 il jo a5 iles ST slpiiin Aty (nl sl 1y lo)B ples
Berberian and ) ailoads jlasss (58S (el (ol dmns g (e 95

Berberian, 1981; Shahbazi et al., 2010; Sepahi et al.,
S Jlar) 09,8 b slo o jblie &g ylgre 4 (2018

oanl s S 5y 0 sloYole b ol jod (Ol yemm ki

BVFF) Loy bl 5l oanl s a5 S 15 o S5 o 0ilas 5
aS Cewl 0,8 19,0 CAlS oKiuls Slo (e Sl 95 ( Jls VFO
Js oSl cudled o ien (2018; Gholipour et al., 2021
Y. )‘ u*”ﬁ“"—“"‘ 00— u.»...su Jl_w u?.a.L».A VY B VO ‘0‘9"]“’
We B o cosail g adlib olaaasT slocKiw (Jlo (oo


http://dx.doi.org/10.22034/KJES.2025.11.1.103843
https://gnf.khu.ac.ir/article-1-2935-en.html

[ Downloaded from gnf.khu.ac.ir on 2025-11-17 ]

[ DOI: 10.22034/KJES.2025.11.1.103843 ]

oy 553y Gl I il g cwlidiae) 4 o (2

OHas ¢ Lo solel

9o 4 gl Gloj 50 g (RS Sjgo (e 4l S
(Tadayon, 2013; Mohajjel et al., 2014) slos S Jos  wsSas

Sl oger (wlbom

@ bgye STl ooz o atdly by S oS oS
Al a Blate ool 5555 (o5 g5 SloSow s Jly
4 g 5 b, Ygane 4 ol Gloo Sl 55 - b 3
3 Sl d g ol o sl s ailes,S ol 5,90k
035 (6 S B ol K, L 00,05z G Co ISy oo
5148 SELST LS anld b e S ol ol oad LS5
G 0l ) 5l Sl 0 0 el 009y Jlad ali S5 Sl 03
—zoiw a0 g (Ghassemi et al., 2023) wigd o 0053 juus
(Alavi, 1994) w5i 0 a3ls Glows glacald sb b oyl
Sl stk 5 o) et 3l She S 53 oS
Colite) o] snST @y anil Sg 5 Kiwawlo b ol per 4S50
Sl SO D g0 4 aS Cow load LSA T (00l 055,50 Jed b
(Vaezi and Kholghi, 2007) wilig oo !y Hlaes sloools

0y paz & w298 5l (el o) oy 4w U8 (S Iy
4 a5 Cnl 00 s KU 9 Ks KT KM KC glai> s
Thiele et) wlas )3 )13 K085 (55 5 cad o § 4k gy &5
e ot slea_ays (@l 1968; Momenzadeh, 1976
9 Jo—s 59, p yoasgly )50 L (KC) 4wl S ((sloasld)
SSles sloaels Slgu, 5,18 51,3 Seoly05 S5, 005 baKowanls
St = 18505 (ol Lasmo o 4l I (5JiSgm ST
|10gl8aS g e 51 as 5,5 0acls (Wilmsen et al., 2014) oL o
Coeglgs 5 (KC2) oYL Svanle ((KC1) ailocils o Swanle
Gblie S 50 a8 suacd Sz (KE3) ¥ 3L Sal o slaule
S reslSS (59, 2 o0,k il jail 5 il 5l plaasY o
sl 51 .(Sahandi et al., 2006) ool oo sanlive 4w s, sacls

Sy 0,5 loaiigs o)l aeis ) I ase yo cJlibig sl sy as

AN

Slyl sk Sliges y & -y Wil yS (655 slaaiings
ol ol o sy S5 B g b3 s b S w5
slsasS 51 s (Horton et al., 2008; Fursich et al., 2009)
ST Gll amio dbuslysh) (55 b Gll aio 3,55 51 9 Gy
(Wilmsen et al., 2015) 05 o laz Low |ygl 51 oy S 1593
3 ey e SlpasS b da e (SisiSS (ol slaslas,
A (S2ig b hef Slac5l b sl S Sonlg5 Jolss
sloie 6 5az 09 g o YO Cwali 2 b 15095 5 508
OLKen 5 owld ax ST (Wilmsen et al., 2015) wy i o
ol g el olyaeS £45 511, 1 (Ghassemi et al., 2023)
03 S S5y Jmolo Auls S g asly (Sisgals oS 5l
39> Tol 4 G 4wl S 50 a5 el Glez sl 50 A0l S 5Ly
S5, 5 sl G55 wiskine o K tngsy el o
29 0k (rl ) Ol - g gy oS o pay IS S
Oy — i Jlg8 25 4 98 gledl a9 8 A
ksl leo o900 9,95 10 5 535 0 0l ! 5 (Sadeghi et al., 2016)
Shahbazi et al., 2010; Verdel et al., 2011; ) cul osls #,

Sl B oy, Jly ,o (Sheikholeslami et al., 2019

@l Gl 51 Oy = i g sl )3 STS559 5
) ‘5[&&_.» OHGA oésjé‘ )"L)‘P &QT 9 CM}IBQ L.)‘)"’Q
Uy JJHGA od..\_ws.:)mv“ co BYer Cals L: sS.,._ml)s)
o g2 o 50 Ljgo a9 00,5 o (JS& S0 Sl Sbgm
ol (n Fpts 3 (o g o0 00l gy 4 lyS Sl 5 fos
O~ Ay (0y¢ abl> o bauedl 6 Sl @l S
B @.)Y%ol) 9 &:))'{J 6[.&3&93" & y— cLbu.Js.J‘ Lv o‘).‘o.ﬁ O
P SHESS sla Ty 50 5l 0 g saalin 505 s
S (9SS 925 Ol —gaiin (o9 S SHESS dgy
oley yo a5 el (positive inverted fault) coze sa—s 45l


http://dx.doi.org/10.22034/KJES.2025.11.1.103843
https://gnf.khu.ac.ir/article-1-2935-en.html

[ Downloaded from gnf.khu.ac.ir on 2025-11-17 ]

[ DOI: 10.22034/KJES.2025.11.1.103843 ]

oy 553y Gl I il g cwlidiae) 4 o (2

OHas ¢ Lo solel

OBIR H9)

o 5 450l 59, 5 e 218 Sl SRy o0 Sl
Sl 505 YO § YA olows ol jay «Djlas LS L
0,8 Bl g b w9 olw 50 3ble loails glaaT,
Sldllhe cyz Joo S3U g S5 alaie diges YV olowd e
3,5 ad Ol Ko 5 il b 5B g 6 S
o bl g el s lu slo Sy g slas oKl s
Slalllas 5 oo Gl o)z ;5 Glipe i 5 2140
95 9,50 SHU i s SB35 A58 090 (098 9,5
~Gy5ee 0)5hie 93 S 5,80 L aslllas (sl Laaiged 5l golas |
YV 3 F7 o3lail b o lasbul (g 95—wg See ablie 53, 2 263k
JolS andllas 5l ey 00,5 aslllas 5 (6,10 pSe gl 0 (oo
o5 dod adlllas 5 (i B S S 5SS LS Sy (S50
5 oo ablis 55, 5 bl SEM o8z o by 5 olic ar s
a8 5 13 ol ;o )5 idg Sy daBo Ve Doedy lbdiged
JEOL e (sing; (53950 98y Sn alogy alali VY s 5
(KV) s 39,5501 a8 10 50 b il 598" Lo ISM 7100F
5 LS5 drg bS8 dalllas 8,50 8BS U gae oK ils 4o
oidu ,o blis ass &1 51 SEM mli o g5 LS5 alis
GBS 5| Jio g0 adaie & ol sl 0,5 by abogy o
D Stz b lodils sladiges Lol o Sy )8 g 35,155 wg Jla il
FagSee Ve Sl bl slajlibe oo 2 S Lo
5 SS9 Sldllae abl jslaie 4,085 )18 25l 0 90 5 angs
Dlas g azSo )l bl Jlew slo)lile (59 2 (imlod
ol S S 3 e Ve Culis 4 Jiro ned dhaile 03l50
olSglejl 5o (5 09, em Slalllas o angd Sy Jasl 5 oS
o8 Lo g5 (g oSl ol cyn 05,5 oo (sl ,Lila
0SS, 3 TMS-9 i )l,> J,u5 L THMG00 Jow Linkam
i ploxil ZEISS gSns Sone (59, 2 00 i LNP

AY

Cueslsd (Seglsd ool sl Lo Cuegdss (y)le 5l (SHL Y
S35 2 N sy jobay (KM) gy Sal g oo ) Sal (S5
o D30 4 g 310 B e e 1,5 loasl 615 (slaara o
ot gl (KD (gloogs b a¥puses Sal b (2,05 5 s
L (Sel> BT 5 slaases sloos,s wnign S a8l opdgin)|
oda—Dgy (b9 S Sy g e T o0 B Culi b
al,S )0 1y0 oyt & bgrye g 009 jluoyFeo Iy (ol 99 oo
ol ot Saglgs Sal 5l IS iite (gam (S axlg il ope]
ke Seglys Sl g (Kol b )b 5l (S slaay ol
Sy el 0als 003lgn g 4l iulu )8 g0l sga B g ! (KS)
Sal s b sloay jo JIolse Jlslyd 5l (226 a5 0y (2S5
Jls o e oawl o (s955 8,5 S5,y @ Solea e ab b
oSy 55 et Iy KS 3 os (SIS 5250
Soodgis ol (slesgs Sal Slos S5l e g PR @L.MM;T
S L gla gl s, 1 me Ve e calis b (KUY YL
i 4wl S glaasly a5 Ll 51wl oo LS 85 0 )
slazg)) sl ¥ Sliss o5 (ol collad W ls (aad G55 50
Sl o 5 513 S e 3 (s ign B (sl

Gl oo J & slaas¥ (o o59ds duome Hold g yguwlgd
Karimzadeh, 1992; Vanaei, 1998; Ghassemi et al.,)

Ngy L YL o oa i Bire S waie glhasly )5 (2023
S S2)93 e 3l Slasgeme Ojpe @ (S8 wr -2 p el
et 5, b esSne e L sy e Jlyie
o355 i 5N o el 55 s o ol & B bngir
b g Jloaggly (Ko gl Ojg0 4 a5 Selygi 5 ol 3 slaal
Sy (IS5 ,F0 Cal lyls canl oals oundi gy awli S Sligw

Ll 00 ddlais 6meo5Ls 9 Lbuwdﬁl.» 3o Ml); L D)


http://dx.doi.org/10.22034/KJES.2025.11.1.103843
https://gnf.khu.ac.ir/article-1-2935-en.html

[ Downloaded from gnf.khu.ac.ir on 2025-11-17 ]

[ DOI: 10.22034/KJES.2025.11.1.103843 ]

oy 553y Gl I il g cwlidiae) 4 o (2

OHas ¢ Lo solel

9z e 5ol g Pl Gezed Gl Jo e (iu (pl WS (o0
0y Sl o G55 ,50 5l T g e bl ol S
Slallas (C-0 JSb) avo oo i cogen (S ,155 1 a3
e oLt el el ) O e (S 02l 0l (5 Ria
aihio gla Sal , 5L s 31 .(Adabi and Jamalian, 2006)
b St 5 ol GaiSeny Jol> a5 ol oo 135 axSo )|
(Adabi and Jamalian, 2006) ol o ole,5 b 59> Joloo
(ol 3l S0y & (8 5 gy Oygos 05 ) slaSa]
S jl pla¥Ylo b ), slaSal K Sl sllo
adlate jo (Y JS2) 09— o s (KS) Slo g ol slaSal
5 305e ok o SIS o glami o o sbogs sl (o jlee
JG kSJT slge slyls (Ll sbdaY 10 0g S a0z

5 (mely¥) Gl olppsS 56 31 5 as (F-0 JSo) cenl ovaline

Karimzade, ) el 48,5 S8 (i yiwle) awli ) o)LL
1992; Vanaei, 1998; Ehya et al., 2010; Ghassemi et al.,

G S oy g ai il p i wlidcsy, axly o) (2023

Glasly o lem (8 USE) ol pdg, joms & ilo 0,5 5 oy,
Olo> laaiSdl by 5o g bl sl alEol, Sldlas aikaie 50
o5 b oatd Co (6151 Sligw; Jolds laceiias opl ool cuis
OgeS ;) Femdd Siw laasly iole 851 aS el oads Coew

Silodal 099 4y axdly

AY

Wjlos g aziSo,l Gblu o )auz 9 (b
Sgud (> giSy b ias was oo s oleo daly S
S o Slmogaz 5 S ye (S0 )55 ez 5 02,8 slaSi—s
Slopygeis ) az Sl il Ojlas g azeSo )l sl slidiye;
50 &8ly obl e 5ol Lails jo Slaacs] slacow 5l sogame
il g 3ul g ol 1 glaaY lee 5 4ol (55505kS 4
Sahandi et al., ) o5& 0 0050 Sjlas (o055 g 033l ©ye 5o
Vaezi and ) ax g Vi) e e v v ool ey &5 5 b b (2006
Slgas g qalpo sl s,y b ol skl 4 (Kholghi, 2007
2y OGS i (KS g KD (g 4l S (Sos sl JIgs
5 Sal S waxly (F JS—5) iyl Slalllas odgoms 50 12
Sy b sloogs b ¥ i (KD logd st sl (Tl sloSal
ol iz el dilaie i Slelis ) Lol ssijle 05 (6 aSS
2@ JSB) 0)lo (g e wg (b8 O jlee ddlate )0 axlg
Sal sloay 5l g oo yo YV Kl axly ol i 450 ) ailats
losg Sal iy Seal 2l (g )lsl (gy0 Sl Y i (2l S
S5 S 05 sl dgin sl a¥pis Sl 0587 o0
L coulS sloas, ((Adabi and Jamalian, 2006) ¢l oo
as Kl YL slo iso o e il U e Jue diz w5
Se5 b g 35 o0 oW Wid (59 9 @ Sl S Ol

I (e DAl A oo b KS 0y S)le gY@ (jas


http://dx.doi.org/10.22034/KJES.2025.11.1.103843
https://gnf.khu.ac.ir/article-1-2935-en.html

[ Downloaded from gnf.khu.ac.ir on 2025-11-17 ]

[ DOI: 10.22034/KJES.2025.11.1.103843 ]

Sy 553y Gl I Bils g (clidirae) 4 oz IS

o) Ken g L solel

49°38'20"E
1

49°40'40"E
1

T
33°52'50"N

R
7

Shaméabad
7

Early Cretaceous

[:| Ks: light shale, marl, orbitolina limestone
E== KI: dark thick bedded orbitolina limestone
[ ] Kc: conglomerate, sandstone

Early Jurassic

metamorphic sandstone, phyllite, schist
Late Triassic

phyllite, schists

Quatrnary

[ ] young alluvial fans
[ ] old alluvial fans
Tertiary

[ ] conglomerate, sandstone, siltstone

— fault
=== road X mine and prospect

(Vaezi and Kholghi, 2007) < jlee yoxe (0 caxSo,l dilaie (@ d(az 5 50 aSs addi (ululy ) oo oolu owlid pe ) dids -V S
Fig. 2. Simplified geologic map (from the 1:100000 Varcheh map) a) the Aregijeh area. b) the Emarat mine (Vaezi and Kholghi,

2007).

AY


http://dx.doi.org/10.22034/KJES.2025.11.1.103843
https://gnf.khu.ac.ir/article-1-2935-en.html

[ Downloaded from gnf.khu.ac.ir on 2025-11-17 ]

[ DOI: 10.22034/KJES.2025.11.1.103843 ]

e 0 9 89y il Bl g (elibine @ wax IS

s 5 Lol

9y 2 4w b5 0ael (olyeglSiS g (S o bs slanaly (25,513
oty Hadeal) .l sl Swl)gh 5 Siads 35l slaasly
(Somly95) i smdd p b @loozly (595 2 (4nl)5) lgz o b
a2 oo Lt 1) S bl (sl g 550 S (SegSS a9y
Dipe & g 9 03,5 Jos (BAS Dygo 4 awl S e 0 a8
Tadayon, 2013; Salehi and ) <ol oo 5 ls wsSxe

(Tadayon, 2020

g 4y S iy 5l e 4 S L5 |

Syge & Frd orx m o led e Bl Wy, ol e
Sl S G yy—ame Jlgie sl (59,55 0nz ) slas gome
Ji ) adhie ooy (Sdoszr - fJled 2g) b ugSas
N, b Sl GesSan 5 (Sig S (F JS2) wilosls
Cro dy ol Sgzr 9 (N3LI2-N319) 3,0 g - 6 Jlos
0aiS S ol bl @z o Y S0l ok by 350 Jlods
o SO0l Ja8 (F JSs) il dilaie (53l 5 loxo

IE' Age| Member Lithology
1 1 1

IV —— —
| -

K
) 1) - 7.1
000000
000000
x [000000
000000
000000

Km

Sl

Lower Cretaceous

dibaie )0 (cmdiws Sal e b loails 33151 ooy sles (A o Sal oty 50 55155 slaaxs, 5| Soo3 sles (€ camSo )l ddbaie oI5l 331 L (g S5
Chiaste By > D jlee dilaie o lodilS 381 5,65 (N-F asSo | & jloe lo LuilS ol5a0l5 Cuxdan g Cpien 4l S cwlididie ot (€ cdoeSo )|

<o Jlanl 8P 3,1 :QZ ()5 :GN :(Whitney and Evans, 2010) ;|

Fig. 3. Field photos from study area, a) Differentiation of stratigraphic units of Aregijeh area on the field images. b) Orbitolina grey
limestone boundary with ore horizon of Aregijeh. c) Close-up of quartz veinlets in limestone unit. d) Close-up of ore horizon within
silicified limestone in Aregijeh area. e) Lithostratigraphic column of the Early Cretaceous and position of mineralization in Emarat
and Aregijeh ore deposits, f-h) Folded ore horizon in Emarat area. Abbreviations used: Gn: galena, Qz: quartz, Sp: sphalerite.
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Fig. 4. Satellite photograph of the around the Aregijeh and Emarat deposits (from Google Earth; image 2025), with the position of
syncline and anticline axis, and thrust and normal faults.
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Fig. 5. Photomicrograph from optical microscopy a-c from Aregijeh, a) Laminations of fine-grained pyrite framboids, b) Pyrite
occurring interstitially between sphalerite and galena. c) Peripheral growth of asymmetrical dolomite and quartz fibers at strain
shadow zone of pyrite porphyroclast with in a right-lateral shear zone. Photomicrograph from optical microscopy d-f from Emarat,

d) The common alteration is presented by silicification and dolomitization. ) Laminations of framboidal pyrites. f) Peripheral growth
of asymmetrical quartz fibers at strain shadow zone of pyrite porphyroclast with in a right-lateral shear zone.
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Fig. 6. Paragenetic sequence of mineral deposition of Aregijeh and Emarat deposits.
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Fig. 7. SEM-BSE images of mineral assemblages within the Aregijeh (a-€) and Emarat (f) ore deposits. a) Pyrite framboids within
Fe-bearing dolomite. b) Two generation of pyrite (framboidal and euhedral) and galena formation between them, c¢) Close up of B,
framboid pyrites convert to euhedral coarse-grained pyrite. galena, sulfosalt and sphalerite in quartz and Fe-bearing dolomite
aggregate. d) Higher magnification of sulfosalt inclusion within sphalerite. e) Siderite and quartz association with mineralization. f)
pyrite crystal and galena in quartz, sericite and biotite minerals. h) Galena replaces pyrite, and during decomposition, in addition to

lead and sulfur, iron is also present. Abbreviations: Bi: biotite, Fe-Dol: iron-bearing dolomite, Gn: galena, Py: pyrite, Qz: quartz,
Ser: sericite, Sd: siderite, Sp: sphalerite.

ds 005..1 Q‘; ‘S..al...u d.?)é —Q/A L| —f/A (Tm|ce) (W) u.a.i Z'u t\.ﬂ.L:s JL‘\'M" ‘SLb)ul*o

ot &l Jh ol Lile axdline (b= IS5 wal cuss i somFo ) ailaie sl il i, 5 anllian 5,0 a5 5

Lo .‘a....:a.a.n O)LA.“ La J&..u‘sijs}.aﬁa ‘Ji‘-“ ‘;30 ‘65; LsL{in..u
T Sod Son slos At 556 5 £33 Sk g (39,50 )P L L )
LQ; (;MQMLS S .,\M.lbé) 5085.‘) )M..Mjuﬂ)s.:a Q‘) 55 PRI .Q.;wL..u‘f(A ) ‘uj ) 10

B A ol b JSS s 55,5 ot § Jlws sloyLilos 45 ams o

Sl 00 (5 S0kl ol )5 Gl az ;o VIV BT onga0ms 5o 5 5 e le 658 50 £33 5l bo,Lile (Shepherd et al., 1985)
155 63890 slolile o SiSTgy (gl Sl poss @)+ )
a0 VAL V8 Cunglgs jo w5 gl v ax o -YY b VY

adsl glaylile (55, 2 (imled T o3l g i mlo (5518
O Bl a0 YoV BV oo (Th) Ll So5,5%ea sleo
sl Lilon o0 (g ool Kaiigy (slas @-3 US_5) a_ib s

S o5l o8 il azys YV b VY g Jlins |, 5 o 5 il
az ,0 NP0 -F/A @ PP oY uJ)}T ugé dLo.b ] 0

B Y/ oo dlxe (5,55 Sl 00 (5,501l al)Su_bL.., 5 oljfu_bl_..; a5 YF 390> ) 5,055 5 o il gl g 30

D=V JSs) ail e plebs Ko Jobes wuops VAUAY 5T s csles bl e o5 s a5 YA Caeglys ol

necking-down %

£}

\ ,;?

99 9 558 ST sl Lol (@ .(PPL) & jles 5 a0 | 5l Canglgn g o Jlans 055165 slo SIS ybsue jo Jbow slo)lile 51 565 9,500 pglas -A S
38 55 Jlw slo)liloo (C e ol 19,0 LV Jlw (slojlilis 5l ladsgs j0 (SabSo )l onuay (0«0 g)0 4506 lajlibe 5l ao; & jgloee jo (556

u.:.nsjsb L) 4.;.!5‘

)


http://dx.doi.org/10.22034/KJES.2025.11.1.103843
https://gnf.khu.ac.ir/article-1-2935-en.html

[ Downloaded from gnf.khu.ac.ir on 2025-11-17 ]

[ DOI: 10.22034/KJES.2025.11.1.103843 ]

oy 553y Gl I il g cwlidiae) 4 o (2

OHas ¢ Lo solel

Fig. 8. Photomicrograph of fluid inclusions hosted in quartz, sphalerite, and dolomite minerals from Aregijeh and Emarat (PPL). a)
two-phase and single-phase P inclusions adjacent to a trail of a PS (pseudo secondary) inclusions plan entrapped within the quartz,
b) necking down phenomenon in a cluster of type LV fluid inclusions within the sphalerite. ¢) primary two-phase fluid inclusions in

dolomite.
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Fig. 9. Histograms of a) homogenization temperature and b) salinity of fluid inclusions in sphaletite (Sp), quartz (Qz), and dolomite

(Dol) from Aregijeh.
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Table 1. Microthermometric results of fluid inclusions from Aregijeh and Emarat deposits.

G BV

area sample host mineral type  Th(-C) n TMice (°C) salinity (wt.%
NaCl eq)
Aregijeh  SA-12 sphalerite L+V 142 to 207 6 -4.8t0 -8.5 7.59t0 12.28
SA-8 dolomite L+V 125 to 166 6 -5.7t0-8.7 8.81t0 12,51
SA-7 quartz L+V 147 to 207 13 -6.7t0-9.8 10.11to 13.72
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Emarat SE-8 sphalerite L+V 133 to 166 7 -9.8t0-14.6 13.72 t0 18.30
SE-11 sphalerite L+V 168 to 202 6 -6.3t0-11.8 9.61t015.76
SE-4 sphalerite L+V 155 to 208 12 -4.81t0-11.1 7.59 to 15.07
SE-7 dolomite L+V 131 to 202 11  -9.3t0-16.5 13.18 t0 19.84
SE-8 quartz L+V 130 to 165 7 -4.81t0 -10.1 7.59 to 14.04
SE-11 quartz L+V 193to 217 3 -7.6t0-10.8 11.22to 14.77
SE-4 quartz L+V 208 to 217 2 -8.210-9.2 11.931t0 13.07
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Fig. 11. a) Homogenization temperatures versus salinities equivalent % NaCl diagram of Wilkinson et al., 2009; compiled by Rajabi
et al., 2015 and Yarmohammadi et al., 2016 showing that fluid inclusions are plotted on the Irish-type area. b) Diagram of various

water fields proposed by Kesler, 2005.
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