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Sistan and Baluchestan province is located in southeastern Iran. Its geology, magmatism, and
metallogeny have been largely controlled by tectonic events related to the opening and closure
of the Neotethys. Several magmatic episodes have occurred in the province, some of which are
particularly significant for mineralization and metallogeny. Remnants of the Neotethys oceanic
crust, preserved as Cretaceous ophiolitic sequences, host mineralizations of chromium, copper,
manganese, iron, titanium, and magnesium. The Cretaceous Bazman granitoids are likely
associated with iron, copper, zinc, tungsten, and tin mineralization and were generated from
magmas related to the subduction. Upper Eocene—Lower Oligocene subduction and collisional
magmatism led to the formation of the Zahedan granitoids, and the associated hydrothermal fluids
produced gold, antimony, and copper mineralization. Olig-Miocene post-collisional magmatism in
the northern parts of the province resulted in the development of porphyry, epithermal, and skarn
mineralization systems at Lar, Janja, Seyasteragi, Kaftarkuh, Kalegar, and Asagi. Olig-Miocene
magmatism related to subduction also generated skarn iron, porphyry copper—gold, and epithermal
gold mineralization in the Samsur, Mirabad, Qalehsouli, Bidster, Kuh-e Madofti, Kharestan, and
Sarkahnu areas. The Plio-Quatrnary subduction-related magmatism at Bazman and Taftan is

particularly important for gold mineralization and geothermal energy potential.

1. Introduction

Sistan and Baluchestan province (SB) is located in the southeast
of Iran and has experienced several magmatic events, some
of which have played a significant role in mineralization and
metallogeny in the region. In the past decade, extensive exploration
programs conducted by geologists from universities, government
organizations, and mining companies, there has been remarkable

progress in understanding the province’s mineral potential. As a

result of these efforts, important mineral deposits, some of them
globally significant, have been identified and have gone through
various stages of exploration and development (Fig. 1). The Janja
copper deposit is one of the most important of these achievements,
recognized as a world-class deposit, and extraction and development
operations are ongoing. Moreover, mining activities have begun at

the Lar copper and Kharestan gold mines. With full and sustainable
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exploitation of these mines in the coming years, the SB could
become one of the most important mining areas in the country and
will play a significant role in supplying Iran’s metallic mineral
resources. The aim of this study is to present an up-to-date view
of the metallogenic and ore-forming status of the province and to
clarify its position within the temporal and spatial framework of
deposit formation.

The SB like other parts of Iran, is part of the Alpine-Himalayan
belt and its geology is mainly related to the opening and closure
of the Neotethys (Richard and Sholeh, 2016; Deng et al., 2018)
and include following geological zones: Makran, Sistan suture,
Central Iran, Lut, and Sanandaj-Sirjan, as well as the Zabol and
Jazmourian depressions (Fig. 2). The oldest rocks in the province
include the Saradar and Jamal formations of Paleozoic age, which
are located in the Central Iran zone. The Bazman granitoid of Upper
Cretaceous age intruded these Paleozoic units. The Cretaceous
ophiolite sequence is widespread in the Makran and Sistan suture
zone (Fig. 3). The Paleocene to Eocene flysch sequence is the most
widespread rock sequence in Sistan and Baluchestan, outcropping
in both the Makran and Sistan suture zones (Tirrul et al., 1983).
These rocks have been locally affected by weak regional and
dynamic metamorphism in the Sistan suture zone. Oligo-Miocene
sedimentary rocks, mainly mélange, conglomerates, and molasses,
are exposed in the Makran and Sistan suture zones. Several
magmatic events ranging from the Cretaceous to Quaternary have
occurred in the SB along with subduction, collision, and post-
collision magmatic events leading to the formation of various

igneous rocks (Camp and Griffis, 1982) (Fig. 3).

2. Research methodology

This study was based on a synthesis of published literature, theses,
geological and exploration reports, field observations, and the
authors’ data. Geological maps, satellite imagery from Bing and
Google Earth accessed through SASPlanet, and field data were
integrated and processed in a GIS environment to identify and
classify the metallogenic types associated with the tectonomagmatic

phases of the province from oldest to youngest.

3. Results and Discussions

Mineralization and metallogeny are closely related to the magmatic
events in the SB (Richards and Sholeh, 2016). Metallogeny in
Sistan and Baluchestan province can be divided into different types
based on time, place and tectono-magmatic events as follows:
1- Metallogeny related to the oceanic crust and ophiolitic
sequence during the Cretaceous, 2- Metallogeny related to
subduction of the Arabian plate below Makran during the Upper
Cretaceous, 3- Metallogeny related to the Urmia-Dokhtar volcanic

arc and Quaternary-Pliocene volcanic arc in north of Makran.

4- Subduction-related Metallogeny during the Paleocene-Lower
Eocene period in the Sistan suture zone, 5- Metallogeny related to
the closure of the Neotethys during the Upper Eocene-Oligocene
in the Sistan suture zone, 6- Metallogeny related to magmatic
events after the Lut and Afghan block collisions with the Sistan
suture zone.

Remnants of the Neo-Tethyan oceanic crust in the Makran and
Sistan Metallogeny zone are outcropped as Cretaceous ophiolite
sequences. These ophiolites are important for chromium, copper,
manganese, iron, and titanium (Fig. 3).

Subduction of the Arabian plate beneath Makran led to intrusion
of the Bazman batholith in Paleozoic sedimentary rocks and
formation of a broad contact metamorphic aureole and an alteration
halo in the surrounding rocks (Fig. 4). In this metamorphic aureole,
various hornfels, marble, silicified veins, and numerous metallic
mineralization features can be observed, including copper, iron,
boron, tungsten, and associated elements, predominantly of
hydrothermal origin, and developed as skarn and vein mineralization
(Ghodsi et al., 2016b).

Subduction of the Neo-Tethys ocean beneath the Lut block and
Afghan block during the late Cretaceous and Eocene led to scattered
magmatism in the Sistan Metallogeny zone. This magmatism
occurs as both intrusive and extrusive igneous rocks. Sporadic
mineralizations of copper-gold and iron are associated with this
magmatism such as those of Nakhilab Au-Cu porphyry and Samsur
iron skarn deposits.

The southeastern part of the Urmia-Dokhtar magmatic arc
continues in the western part of Sistan and Baluchestan. It seems
that two subduction events occurred in this area. The first led to
widespread mineralization in Oligo-Miocene rocks, while the second
created the volcanic arc in SB from the Pliocene to Quaternary,
with significant volcanic centers such as Mount Bazman and
Mount Taftan in Iran. Near Mount Taftan, sub-volcanic rocks and
especially intermediate dykes with Oligo-Miocene and more recent
ages are widely exposed in areas such as Mirabad, Qaleh Suli and
Kharestan (Fig. 8), where intense alteration often are observed
along with copper and gold mineralization (Mokhtari et al., 2015a
and b). Intensive and extensive alteration and Au-Ag epithermal
mineralization are also observed around Mount Bazman, like those
of Chahnali, Shirkhan, and Bazman 2, 3, and 4.

Subduction and collision of the Neotethys led to the emplacement
of the Zahedan granitoid, with age 40 to 31 million years (Camp
and Griffis 1982; Mohammadi et al., 2016). As a result, antimony-
gold mineralization occurs in areas such as Sefidsang, Shurchah,
Tuzgi, Lakshak and Baoot, and gold mineralization in Bibimeh
and Dargiaban (Figure 11). Additionally, two porphyry Cu deposits
occur in Dargiaban and south of Zahedan that are related to the

subvolcanic rocks of the Zahedan granitoid.
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The post-collision igneous rocks mainly outcrop in a
narrow strip from northeast to north and northwest of Zahedan,
extending toward the Lut Block (Boomeri et al., 2019; Nazari
et al., 2022). These rocks can be divided into two main types of
Oligo-Miocene potassic and Pliocene sodic. The Oligo-Miocene
potassic type, belonging to the calc-alkaline, high-potassium
calc-alkaline, shoshonitic, alkaline, and adakitic magmatic series,
is the most significant tectono-magmatic event in the province
in terms of mineralization and ore formation (Boomeri et al.,
2019). The mineralizations associated with these rocks include
porphyry, skarn, epithermal, and mesothermal types. Currently,
exploration and exploitation of copper deposits are underway at
Lar, Seyasteragi, and Janja. Copper and gold potential also being
of interest in Asagi, Tak Talar, and Kaftarkuh and antimony
mineralization in the regions of Hyderabad, Sefidabeh, and
Zhuzh.
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4. Conclusion

The Bazman batholith is the result of the subduction of the
Arabian Plate beneath Makran during the Upper Cretaceous, where
skarn deposits, particularly copper skarns, have formed in its
metamorphic aureole. The Zahedan granitoid was formed by the
collision of the Lut and Afghan blocks with the Sistan Metallogeny
zone, and is associated with antimony, gold, and porphyry copper
mineralization. Magmatism in the Kuh-e-Lar area and in the
northern and northwestern parts of Zahedan is a consequence of
post-collision processes, which have generated the largest porphyry
and epithermal systems in the Sistan and Baluchestan. Concurrent
with the subduction that formed the Urmia-Dokhtar magmatic belt
in Iran and the Chagai magmatic belt in Pakistan and Afghanistan,
the subduction events of the Arabian Plate beneath the SB during
the Cenozoic have continued, leading to the formation of numerous

epithermal and porphyry deposits.



D9 5y allio

* 5 50l woso

b gl 9 b bl 3o o g (loy 3o (153

Ol O3 Ol sk 5 Ol o255 sy ke 0dSTES (puiliiopn 0,5
Wl Sl

ouS
s amede U

VECO/ AN 8 55 b
VEO/ /Nt s s

sl gy 6 o 2y OT (G5 0e) (@578 5 Lo o qlih on§ ool 8y Ol sl g 53 Oty shy 5 Ol Ol
BOT 51 (2 4 o3l 35 Ol 55 s LeSlo 0593 cpior Lol 03 g3 (g 95) Ol o Okt 5 023 b 2 jo 2o
4wl S bl b JIs st 8 Ol e (oo s3I At (SLlE iles ST L) Okl 1556 5 L1585 page sl AE
9GSl b dad e Dley (gl 51 8L ol o ks o 5e 5 e (0T (8 s 435 S 215617 Ol oo ok L eV Ll s
8 225 e SIE 2V sl 63555 5 5 i3 3 e eS Lol Jatomn l 5 285 0555 4ot (AT Sl G581 S s
ol s 5 01T b 150" Eol 0T b8 SVl 5 Llods Olal glacty il § 5 JSIT-eSIS™ - 13T laesSn St R
= _ Ok 5k 5 Ol
bl 5 SOl 5 dl i ol o ,dy s 254 baaille o go Olial Jlod i 53 e gom S (63555 sl sl el S5 gl 3 S5 M:L,fu
I3 sl oo omen 155 3 b e e g S e LSl Ll ok ST 5 8 oS 00 55687 ¢ S b ol Y il
545 o 5 Oyl ((B3le 0557 ¢ ks ¢ J poaald LT oo ) g Ghlia 53 Lo 5 gl I 5 (58,55 S e ¢GOSl 2T e
Slosrs ol 51 (gle S nns (5,31 Sty 5 Mo (156087 a5 510l 5 DS s (il 3 b dad o 5158 ey LSl oy & S ot
il Sl
g o =

&:EQJLATQ).{UC,...u\au\.&é‘)@\ﬁ‘d))\?g)ﬁ))dt@}h‘got@»db\
.@lam,:u,,:s@mxusﬁgmﬁ.,lugu_ﬂQu.w\w;,lgul,,j

o) 5> oSl o3 pdix (Richards and Sholeh, 2016 $\YAF ¢ SU 3) &l

Lé.llQl:..»\&l)'}léj&ljc\i\szW)Lr..{dfih[)"—j‘fﬁgubt)ob\

: DS Okl ol (G5 Camd s )3 45 A e OLES 3 g0 al 5 b ol L

Conn s b 457 o 55 g0 6l Lyl 15 Ol o plulid ibms 13 51 ceud g
SOYAY (g pn ) 3,1 Jlgman OT (6515l slaJomily 5 (ool 55
caiain g Sdas s § 55 5 Ol o 355 00 Wil ¢ Gubme ST gl o8>

AL Clize OT lume ) domdes 36 5 (o lome Ll 8 (Cnwy b g b

2348 om0kl o 5 28 1 S Gl e o s8L Ol pl culal ol

o o 4 oS (s3Lal 5 Sler e 55 5 &85 Oslee ¢ Jus 3 Js 555 sladia

asjrwf slaaal €L>u| bl gy ol ans 53 (VY (6 sl 5 Sbla) Wles S
(e SES a5 (s golejle @&l Olulis ) Law g o SLEST]
Odns (Oliwl gasdd Jla Osles Ol )5 . Csl SlaaS (Wlodwy 22l il

L}i‘4?(1:5).3.Q‘OJ‘)‘C)OM‘GMSLAM%&}u))éﬁr&?a&
qu;sux.;uylf}&uu@L@?\,@Jaa@,ﬁgu)u\f‘qu
Sg;,um,;u,u;C,_\&;leuii@t?w,utf..u\ag;yl,w;,

TlAmel o by e Sllas 555 g0 s Glez S )3 LS & Ol e
o 5l s oUly 5485 13 6ol pe g 3550 Lt UL 1oy sS ez e

Oidoe 1 e Sl (51351 01 5 gl il ool plonil Sl 53 0T a5
RG] JLA};‘L«‘ Jl:-): dajlﬁ-wa:}w a‘)éyja&ju'f;‘j;»lrﬂ
shor g OlsesT il LT )l 5 aldidu Odas 53 5 Caalyls 1y s
B o 345 A B Okl ol (G300 215586 5 e aS e gl e

el b Ol 31 (g5 Sl idn 3 Custe 5 e 5 paS S S Ol

Oyl b 5 )Y s 6555 Oolas 53 o il Gl lab opl p O3 3!

Slre o3 gdous ) JSE )3 bl 15 wne 5 sl e 53 5 0dd g oS
s )3 Ol o S o 581 Okt 5 OB 5L L Lo e (Lo en ) Slasl 55

G L5 5l Gl ) gt .l ot 0303 OLES (5415 0 0 45 (511
E-mail: boomeri@science.usb.ac.ir ¢ b Lases 1J g odivs 55 ¥
P XREL

-https://doi.org/10.22071/gsj.2026.578880.2248 VA-00 \FY ((¥)YF ¢ s r)l_; wode aallad Oliua s 5 Ol Ol 55 O 5 0bj 53 1558 A F40 cpes b
Ll b g dlin O A 5 5 e ke anlilad 51y s (5 sime G s

doi: 10.22071/gsj.2026.578880.2248 B(E’ dor: 20.1001.1.10237429.1405.36.3.3.5

This is an open access article under the by-nc/4.0/ License (https://creativecommons.org/licenses/by-nc/4.0/)
BY NC

d



ARLLST 5 ol s Slalllas alal

YA

UL.,A@\)A,\{, il sy

LUJ\ Olew! BE 6Jt>Lw 9 kﬁ-wﬁjj ‘&f“u;ﬁ") e.\.&j&.‘&n Lg\.hab‘: 9 °~\-’-4_}5

2 0T ol e 562350 5 @Sl b3 slao s b 2155 ¢150
CoalayLsls 6,8 IS S8 5 Sl Cmler

=00 (M) P'§ <1100 o Pole/ (530 o0/ Glimzgly 9 Glisuw Gliwl 3> glSo g yloj 43 218

Ol Ol b 5 Oltes Olasl 55 505 Ol 4 1y (656 (Sl o bl 5 Lo LlS”
5 Ol Ozl ¢ ST sl 53 Oslee - s Jo ol o, b das oo
S0 B 3350 haS )5S Sdae wge slacdad 1 (S5 4 Wl5 o Ol 5k

J’)JA.:LSJ.!‘).'.GJ45‘)‘4‘5‘.«)/;’@“)‘JM.JS@‘Q‘}_‘LS}GGMJ‘}AWUJJ

AR

60°0'0"E 62°00"E 63°0'0"E
Upper Lar limestone bulding rock Ladad mn
Patargi limestone building rock Miren Mn
MineName Tangandam building rock [ | Chazard Mn 2
Cheshmeh Rezaei limestone 2 Chanali Mn
Pirsouran manganese [ Bandan building limestonel | Kuh e Batl Mn z
Jazmurian Hamoon placer iron 17| Lipar Lumashell Glugha Mn = _ =}
Lunkeh Cu Kachu building rock Askuh Mn 3 & i
Alluvium Manzelab granite building rock Spidsang magnesite éﬁn /
Hydarabad Sb Chah Kamal erystalline marble Hydarabad magnesite =y %
Surchah Sb [ | Gariuk crystalline marble DahanehBaghi magnesite v 185 108
1
|Lakhshak Sb [ Dareh Keshkin silica Ziroki Goharkuh magnesite uf %0
| Gazehk placer iron [Talab Mirjaveh alluvial sand &Gravel Sabzpushan manganese we ¥
| Dareh Ahu iron Eslamabad shale Sartalab magnesite By
Hariduk iron Suran shale | Shenzi magnesite - I Tagis =
4
Shushaki Fe and Ti [ | Madufti gold and copper Ghalehbid magnesite & e g
S =3
[ Bazman placer iron 11 [ Asagi gold :I Lut magnesite |~ & 69 6131 N 2
e L 37 B
Bazman placer iron § [ Bibimeh gold Malusan magnesite g
B
Bazman placer iron 9 Siajangale (Sarkhanu gold [ ] Nukabad magnesite 38 149
177 16
Bazman placer iron 5 | |Maksan feldspar 1 Nimruz magnesite 405191 M e W E
. 150 57
Bazman Abgarm placer iron || Maksan feldspar 2 [ | Charahman magnesite . \\
Bazman placer iron 1 [ 1Zabol Marble building rock Zhuzh magnesite “ 1584 o S
Bazman placer iron 10 [ IDambadaf alluvial agaregate 1 Kasra magnesite ’°
Bazman placer iron 12 IDambadaf alluvial ageregate 2 Kasuri magnesite o 175
Bazman placer iron 13 1 o Sy lin Morghak magnesite > > 168 = 186125 160
RSl g K = g
Bazman placer iron 2 MianBazar mixed mountain aggregate Galuk magnesite < 3% 5 3 i =3
Bazman placer iron 6 \:|Mmad:h ‘mixed mountain aggregate Hamoon Jazmurian 2 ca “2
Bazman placer iron 3 Nilag mixed aggregate Hamoon Jazmurian 3 5&;"5 B g B
Bazman placer iron 4 Padagi mixed Agsregate Pozzolan 8 # B -
‘Tanhak placer iron Mixed rocks of Kul-e Syahan Taftan pozzolan 1 e
Darch Rudak placer iron 2 FaziLak marble Sangan pozzolan . i 4 ' =
Maksan placer iron [ |Chahzard marble Tavakkolabad pumice 14614 £ 8
ChahKonar-Sangari Placer Fe| | Kashk marble Charhaman o - 12
Zhuzh iron Negar marble Chashur 5 ) o142
Gerdhan iron Hamoon marble 1 Chelkureh — %
— o o
|Southemn limestone Hamoon marble 2 Janja Au ore ° - U0y00 115 4
1Y Y
Shekari limestone [ |Northern hamoon marble |Abgholaman chromite ™ L4 i1 2
o
Kharposht limestane and marl [ |Janja copper-gold [ Afsalabad chromite 162 51 139165 "
Cheshmeh Rezaii limestone Tamin copper Trandagan chromite g,
— 79 263
|| Cheshmeh Ziarat limestone Janguneh copper Kherabad chromite 102" g5 d
12
Estahrok Khazak copper Zolfeghar chromite 37152
635 147 L
Bandan [ | Zorati copper [ Maki chromite 2
170
[ 'Bugmine 1 [ I Sevasteragi copper [ |Nakhilab chromite - .
BidTaftan mine Shakaram copper Chaberish chromite 103
: z z
Torshab mine [ Showien copper ChahosseinAli Cr Z
: s =3
Hossein Talar Rock GhalehSuli copper Chazar chromite & 5
TR [ Matusan copper [ | Zhuzh chromite 2 155163 . i
Jogaz-¢ Pacin titanium Zardkuh copper and manganese Zhuzh chromite 1 IR s, .
Jamuk titanium [ Chabarfi copper Fanuj chromite 5 2o e
148 e
Kherabad titanium [ Chaberish copper Kenaru chromite Py % s A~
Hassanabad Kurin Chaberish copper 2 YaranMaki chromite \2 .
| |Hosscinabad Cheshmeh Rezaii copper Khasrin calcite s
Kharestan Lar Cu-Mo [ IKalchat
Bazman industrial clay Sefidabeh Sb mine Estharok gamet et
‘Garhushk Saravan industral shale | TLadiz marble mine Siahjak granite
Masjed Abolfazl industrial clay | Gunich cromite mine Eastern lar granite et
Karvandar industrial clay Lar mine Lar granite 2 ]
Khebar Spakeh [ JAsnok manganese Lara granite i
[ Dareh A [ | Azmanabad manganese Lucho granite 124
Bazman-Dargiaban Javshir manganese GhatarKhanjak granite
Mirkuh iron ore [ | Davood manganese Gerdak - L N
Northern limestone block Dehhu manganese [ | Anjireh white mineral
Central limestone block Sardasht manganese Karimabad white mineral
LasharKahi-Jakigor limestone | | Siajangle manganese 2 Gunich z z
o o
Khosrin building rock Shuro manganese Shadi soily gypsum 0 30 60 =
E 'l | _— el
Bandan building limestone 2 || Tudi manganese i e
Lower Lar limestone building rock Ghaderabad manganese
59°00'E 60°0'0"E 62°00"E
FID[ X | Mine Name X [ Y [Mine name Y [Mine name [FID]
0] 60.76] 29.22|Ghatar Khanjak granite 32[ 60.18[ 29.57|Chaberish Cu 64 60.89] 29 m [Lar mine 1.387abol marble building rock
1] 62.38] 27.39]Mixed rocks of Kuh-c Syahan 599 Goluk magesits
7 26. dhan iron 29 _
E .97|Deh Hou manganese
4] 29.80|Cheshmeh Rezaei limestone
5| 30.65|Karim Abad wlnm mineral
6| Malusan copy
7] lusan magr esl(t
8| 28.39|Chahzar chromite
9) 28.71] Tamin Cu |Bazman placer iron 10
10 27.85|Darahu [Padagi mixed mountain
1 27.22|Kanaru granite Negar (Niki) marble
12| Lara granite i
13| Torsh:
28.38 | Bazman industrial clay o
29.66|Lakhshak Sb [Jazmurian Hamoon 3 T TilBa o B
29.68]Lar Cu-Mo Dorshvabar Bacas 7 HB1onan oloes ron 17
30.39|Lunkeh Cu [Iangooneh copper w “ ( hovin copper
28.69Madufli Au-Cu |Patargi limestone building rock = heshmeh Recaet copper
29.81|Cheshmeh Rezaei Limestone2 [ Tudi manganese l on
30.77|Sefidabeh Sb 9| ang mag: .04| 30.51|Chah Rahman deposit 9.61|Lar Bal: o " b
28.72Mirkuh Iron Sabzpooshan magnesite 117] 60.89] 29.68[East Lar granite 77 e
80|Hydarabad Sb m. eh Rudak plnccl Iron 2 118] 60.13] 26.59]Javshir manganese ok crvsialline marble
rchah Sb n depos 9.97|Kasri magnesite >
70|Hariduk Fe 0.15|C EI“’\"\| block lm\e:ml\e
dearabad Mi 5 48| Mirzadeh d
65 Zhuzh Crl Ld-‘ rese 7.49) u, urian hamoon plm. iron 1
27| Janja u 91 [Dambedef auuml aggregate 1 L ble y
23 30.68]Afzalabad Cr 92|'59.88 27.72|Maksan feldspar 124] 60.95] 25.58]Latidan mixed mountain 29.51]s
29) 30.79|Nimruz Cr 53Qaleh Bid 93] 60.59] 28.19|Chah Kamal crymmne ‘marble 125] 61.01] 29.14|Hossein Talar rock (Cheshmeh 57 [Zhuz e
[_30] 28.85/Sardasht Mn 12[ 27.58[Bazman placer iron 5 94] 60.25] 30.13|Lehdad mangan 126] 59.98] [Nukab 60.92[ 29 40| Tangandam building rock.
31] 60.03] 30.92|Hydarabad M; 97 27.43[Jazmurian hamoon 2 951 60.16] 27.47 | Bazanan placer s 127} [Shenzi magnesite 59. orrati copper

03381 S o 5 it 3 JSKE (055 slrejlod (glataly cOliaz sh 5 Oltaas Ol 53 LA &5 5 (ghyls Sutan (glaes guloms 4l -\ S

Figure 1. Map of the mining areas with exploration licenses in Sistan and Baluchestan province, the guide to the numbers on the figure

is given in the lower part of the figure.
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Table 1. Characteristics of some mineral deposits and indices in Sistan and Baluchestan province.

Ore deposit Type Host rock Age Shape Tectonic setting Reference
Cr: Chahberish, Makki, . . . Supra-subduction Zare-Motlagh and Ariafar
Zardgard, Talarun, ... Alpine Cretaceous ophiolite Cretaceous Lenticular Zone (SS7) (2010)
Gerbodar copper deposit Skarn Permian marble Late Vein Subduction Jamshidi (2011)
Cretaceous
Mn: Sardasht, Espakeh, Cretaceous ophiolite, Cretaceous— Stratifor, . Kargari (2012); Rahmatian et
Junabad, ... Hydrothermal Eocene purple shale Eocene Vein Oceanic crust al. (2019)
Au: Chahnali, Bazman, . Neogene intermediate . . .
and Shirkhan, ... Epithermal volcanic rocks Neogene Vein Subduction Boomeri et al. (2015)
Au: Kharestan—Bidester Epithermal, . . . Seyed Salehi Naeini et al.
and Madofti Porphyry Neogene volcanic rocks Neogene Vein, Stock Subduction (2024)
Nazil copper Hydrothermal Cretaceous gabbro Oligocene Vein Subduction Kadab (2012)
Qaleh Souli copper Porphyry Porphyritic diorite Oligocene Stock Subduction Sheyhaki (2018)
Siahjangal gold Epithermal, Porphyritic diorite Neogene Stock, Vein Subduction Mokhtari (2015)
Porphyry
Nakhilab gold Porphyry Porphyritic diorite Oligocene Stock, Vein Subduction Hedayati et al. (2016)
Mirkouh (Dasht-e Skarn Cretaceous—Eocene Oligocene Vein Subduction Alian (2012)
Samsur) iron limestone and shale
Bibimeh gold Inrt;;zlséodn_ Granite Oligocene Vein Collision-related Aghazadeh (2021)
. Epithermal, Eocene flysch, Oligocene . . .. .
Dargiaban gold Mesothermal subvalcanic rocks Oligocene Vein Collision-related Bagherifar (2008)
Dargiaban copper Porphyry Porphyritic granodiorite Oligocene Stock Collision-related Aghazadeh (2021)
Shurchah,. Seﬁdsang, and | Epithermal, Eocene SChlSt.’ Oligocene Oligocene Vein Collision-related Boomeri et al. (2018)
Tozgi antimony Mesothermal granite
. . Cretaceous gabbro, Eocene . . .. Mojadadi Moghaddam et al.
Baout antimony Epithermal flysch Oligocene Vein Collision-related 021)
. Epithermal, . . . - Mojadadi Moghaddam et al.
Lakhshak antimony Mesothermal Eocene schist Oligocene Vein Collision-related 2022)
South Zahedan copper Porphyry Subvolcanic rocks Oligocene Stock Collision-related Boomeri et al. (2021)
Chahsorbi lead Epithermal Eocene ﬂ{islt(:)}rli tgorphyrltlc Oligocene Vein Collision-related Boomeri et al. (2020a)
Porphyry, Monzonite, hornfels, . . .. .
Lar copper Skarm skarn, marble Oligocene Stock, Vein | Post-collisional Boomeri et al. (2019)
Chelkureh copper Hydrothermal Eocene flysch OlljlgigzZr1:27 Vein Post-collisional Boomeri (2015)
Hamoon copper Hydrothermal Gabb:c;, d(é)sliliocene Oligocene Vein Post-collisional Narouie (2024)
Porphyry, Porphyritic granodiorite, . . .. .
Sahebdad copper Skarn hornfels Oligocene Stock, Vein | Post-collisional Khodayari (2024)
Taktelar gold quphyry, Eocene flysch, §ubvolcanlc Oligocene Stock, Vein | Post-collisional Boomeri et al. (2020b)
Epithermal and volcanic rocks
: Porphyry,
Seyasteragi copper— Skarn, Eoc.en.e flysch, Oligocene Stock, Vein | Post-collisional Boomeri (2018)
molybdenum . granodiorite, hornfels
Epithermal
Kaftarkouh copper Skarn, Eocene flysch, hornfels, Oligocene Stock, Vein | Post-collisional Ahmadi (2016)
Porphyry marble
. Eocene flysch, porphyritic . . .
Janja copper—gold Porphyry eranodiorite Oligocene Stock, Vein Subduction Zahed (2021)
Sefidabeh antimony Epithermal Oligocene conglomerate Oligocene Vein Post-collisional Koobhsari et al. (2025)
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Figure 2. Map of Iran’s geological zones and
(Modified from Aghanabati, 2004).
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Figure 4. Field photograph of mineralization of, A) Chromium as lens in Chabrish mine and, B) Manganese as vein in

Sardasht mine.
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Figure 5. A simplified geological map of the Central Iran zone in Sistan and Baluchestan province and location of some

ore deposit on it.

DS 4 015 g g LeSle sl syl b Jas e Oslee 5 5105 oy Tege S|
5,5 oyl 0L 5 saTeys oS el (335 8 e JLIS 5 gaToys oaT
GBS Jeily 5 L3 Ol g 55 505 I b s e S5 SET pe
Jld adls 53 50 8 e JLS (e Olsie & 3003 S5 55 Sbos £5
o bl 5le Gl S lacSan o 0,1l w53 Oly SISL sl
30 G S8) Cl odd @l oV 4wl S ol S 5 Geoge) e
SSE BB ot 5 (SelS L0l £l 4 )l g pl (A-F
g5 S SAS L (SlS 55 0,8l dlnl 3 (1P (gtan) ol
oy & omjie 0,81 5 Cud e gy S s 5 Su3laT- Y gy 8
o 23 OFR (ehtan) Sl odd 0303 adeis 5l 5 sl
Sl osls &, 358 035 5 0Kl 43 0dSTT, S Sy 4 A g
L by 325 or Dlld 5 o DS ¢ e Sy ST 4 05 50t o 52 oS
S a3 &S L e Ol Calibes ST 51 Lol slaesls (B-F S2)
‘\i«,)é53;}&*;“)5;«53&0‘?)‘3-’9@)&w‘%ﬁw@eu'}
sl o135 s 050 (Jamshidi, 2011) 5,05 513 wS s 0 51 b 5,0l
@Sl sl 5y ol b BT s 55 3 b e 3lpe Sl sadame 1503 (g 3
LOT der 516 den (503 po,g - 3 5 glalid Soslme 58 55 5
(5aToys 5 OLLE 3) b ((OLS Sl L) Sl & 015 o0
(0SS 0)3) Sy il E (sl e (S ) s S
o 635 e AT Sl Luls LOFAY (g ap) 58 oylal o INT
Slgey 3 T 53 (G50 i) Ol do sl 5 s 4l S5l
UK st 3L 5515

Jols a8 53 i3l g gy gkl Ole s S L Ol e K

5 ST Jols (Lo ) Jla L3l iomen 5 0STeSKm 5 Kiwanls ¢ o
Jalas (ggm) Sty Lo 5 (358 035 (pl (5 (F 0 o3 bl o0 Con gl
o) el ok ety 501 SadtsT SR 55 2V e 5
St T slaeKan (LAY (sliz > 5 diekils Sdo 5 VWA ¢ 5IsL
G 3T Jols eayls s5mms (555 0 Ol aig S idw opl s & 6500
SLeSin 5 gl Sl (KD 5 1) (6,15TH5T (slacSin ¢ Sla sy
b obas e Cal oSan S (0 JSK8) ol o S laansT 5 s lansT
SISl 358 bl Ol sl 5 Ol )3 pomaa gl SLAST OLS™ aolsl
St G853 Al & (5,8 S g oS 55, e 3 0Ly
‘@}?Jf’ dla ol 53 ol o 0,8 5o e ;s G'Lajf:} o3 28
@hS 3 GBS s s edd b G5 ae iy gn plsl
5 eSS AT (e ol Jals s o3 ST ) sk e edalie (g3l
L3S B 55 5 Ll oS Coale sdes ssbas g 03 s ole
5 besdgl G S iy (YA (g sl 528 (1, 5 5,
—oSIS S 5 T s LS Caale dhor 1Ol oty 551 S sl
Gl @bt b los g cpl Wse LSl &8 das o Ol VL ety JSIT
Ghodsi et) Wlesy y3,b oo 525l 5 b s e ol 5 e b0 Kl S0t
aomino [ilys 3L s eSS Lslt s, ol Ol o 5L (al., 2016b
ol el VL anb S 53 655550 0liss 03 S STk 5 018 i e
231y @Yl 4wl S5 (6558 laes g &S Col il 5 L Obejen Yzl C 5L

.Cdﬂ‘é))}TD}?}ﬂiol?rﬂ—CM 4—.@_;

A



Limestone

i g v

Q)L?):w&\j@K(B.(JL«L45}).b.s)C,.._J\j?}d@;dh&wm‘sﬁ)ab)&bjb}ﬁ(A.)>}{wa)ulfj|&|ﬂ‘5lhw&p—‘?‘}§j

VA-00 :() s 1 Fod (o] pgle/ s 40k S0/ Glimzgly g (limm gliml 43 ylSe g yloj 4> 21316

A

S5 sles 10,88

Figure 6. Field photographs of the Garbauder copper deposit. A) Skarn outcropping in the contact between carbonate

rocks and granite (view toward north). B) Copper mineralization in skarn garnet from a close-up view.
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village. A) Diorites that underwent argillic alteration. B) Diorites that underwent silicic alteration.
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Figure 8. A simplified geological map of Kharestan, Bidster, Siajangal and Mount Taftan areas and

location of some ore deposit on it.
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Figure 9- A) The presence of a siliceous lithocap on an altered dacitic unit in Madofti area, (view toward northeast), B) A part of the silicic

lithocap from a close-up view at Madofti area, C) Presence of pyrite and quartz veins in the drill cores of Siajangale area, D) Alteration types

from Siajangale area, (view toward southeast).
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Figure 10- A) A dioritic stock intruded in andesitic rocks in Nakhilab area, (view toward

south), B) A vein with copper mineralization in Nakhilab area, C) Iron mineralization in

the Samsur area (Mirkuh iron mine)
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Figure 11- A simplified geological map of the central part of the Sistan suture zone and

location of some ore deposit on it.
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Figure 12-A) The stibnite vein in Shurchah mine (view toward south), B) Antimony ore from this vein (a close-up view), C) Gold- bearing

quartz veins in Bibimeh (a close-up view), D and E) The stockwork texture and quartz veinlets in Dargiaban area (a close-up view), F) Altered

dacites from south of Zahedan area (view toward northeast).
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Figure 13. A simplified geological map of the
northern part of Sistan and Baluchestan and
location of some ore deposit on it.
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Figure 14-A) Copper mineralization in the northern Lar mine as stockwork, (view toward southwest), B and C) Copper mineralization in

Seyasteragi mine, (view toward northwest for B), D) Drilling rigs for the exploration of copper ore in the Janja area (view toward southwest),

E) Copper sulfides in drilling cores from the Janja area, F) Kaftarkuh area (view toward southwest), G) a hand specimen of copper ore from

the Kaftarkuh, H) Extensive and intensive alterations from the Taktelar area, (view toward south), I) Copper mineralization in the Taktelar area

from a close-up view.
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