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The Dogan copper-molybdenum deposit is located in the northern Central
Iranian magmatic arc, south of Shahrood. Mineralization in this area is
caused by the injection of a microdioritic subvolcanic intrusion into Eocene
volcanic rocks. Mineralization occurs frequently as veins, veinlets, and
disseminated ores and is mineralogically composed of primary minerals like
pyrite, chalcopyrite, bornite, and molybdenite as well as secondary minerals
like chalcocite, iron oxides and hydroxides, and malachite. The alteration
zoning in the Dogan deposit is circular and concentric and changes from
potassic in the central part to phyllic alteration and then propylitic alteration
in the margins. Some parts of argillic alteration are observed in the upper
and surface parts of the phyllic zone. The fluids producing potassic
alteration were rich in liquid and a small amount of steam (L + V), had a
high temperature (398 to 513°C), and a high salinity (50 wt% NacCl),
according to fluid inclusions studies. These fluids were most likely
magmatic in origin and were responsible for the formation of the V1 and
V2 veins. The activity of meteoric fluids containing liquid vapor phases (V
+ L) with lower temperature (210 to 360°C) and salinity less than 10 wt %
NaCl causes phyllic alteration (V3 veins). In terms of geochemistry, the
studied igneous samples are adakititc in nature and are located in the domain
of calc-alkaline magmas of the active continental margin. The presence of
potassic alteration in surface and deep cores, the high salinity and
temperature of hydrothermal fluids, the type of mineralization
(disseminated and vein-veinlet), the high potential of copper and
molybdenum, and the zonation of existing alterations are all indicative of a
porphyry system. The Dogan mining area is similar to copper-molybdenum
porphyry deposits in terms of tectonic environment of formation, host rock
type, texture and structure, mineralogy, and alteration zonation.
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EXTENDED ABSTRACT

Introduction

One of the ore-bearing magmatic arcs in the northern
structural zone of Central Iran is the Toroud-Chah-
Shirin magmatic arc (TCMA) (Fig. 1A). It hosts a
significant volume of Eocene volcanic and
pyroclastic rocks and equivalent subvolcanic and
intrusive bodies. According to the distribution of
mineralized systems in the aforementioned
magmatic arc, the majority of the ore deposits under
investigation are epithermal (see, for instance, Sheibi
and Mousivand, 2018; Mehrabi and Ghasemi Siani,
2012; Tale Fazel et al., 2019). This study has shown
the geological proof of a typical Cu-Mo porphyry ore
deposit at Dogan, which is 130 km southeast of
Shahrood (in the province of Semnan) and 18 km
north of the village of Toroud.

Materials and methods

Precise microscopic investigations of mineralogy,
texture, and mineralography were made on 10 thin
and 27 thin-polished sections. In the Vancouver
(ACME) laboratory in Canada and the TU Clausthal
laboratory (IELF) in Germany, whole rock
geochemistry of microdioritic samples with the least
alteration was examined by XRF, ICP-OES and ICP-
MS methods. Fluid inclusion thermometry is
measured using the Linkham MDSG600
heating/freezing stage at the economic geology
laboratory of the Shahrood University of
Technology. At the Clausthal Laboratory (IELF) in
Germany, the Linkham MDSG600 heating/freezing
stage and the XRD methods have been used to
identify some very fine fluid inclusion analyses and
clay minerals, respectively.

Results

A subvolcanic intrusion was introduced into Eocene
volcanic rocks, resulting in the development of the
Dogan Cu-Mo deposit. The microdiorites have a
distinct LREE/HREE fractionation and are enriched
in large ion lithophile elements (LILE) and depleted
in high field-strength elements (HFSE). In addition,
the Nb and Ti negative anomalies indicate
a magmatic arc signature. However, they differ from
typical volcanic arc magmas geochemically due to
having SiO; >40 wt.%, Al;0s>10 wt%, 1<MgO<5
wt%, Sr>200 and Y>18 ppm, along with the

depletion of HREE have adakititc affinities. Based
on field and laboratory studies, potassic alteration,
propylitic, phyllic, argillic alterations have been
detected in the Dogan deposit. Potassic alteration is
located in the central part of the system and varies
from abundant potassium feldspar veins in the
superficial parts to microdiorite containing abundant
hydrothermal biotites and potassium feldspar in
boreholes. For the samples that have undergone
potassic  alteration, the  fluid inclusion
homogenization temperature is greater than 590°C
and is similar to values found in other porphyry
deposits. This alteration also led to the formation of
two known mineralized veins, namely Vi: quartz +
potassium feldspar + biotite + pyrite + magnetite +
chalcopyrite, and Vj: potassium feldspar +
anhydrite/gypsum + pyrite + molybdenite +
chalcopyrite. Sericitic (phyllic) alteration in Dogan
is frequently restricted to the fractures where quartz,
sericite, and pyrite have been produced as a result of
hydrolysis of the potassic- altered rocks.

In phyllic altered rocks, the majority of third type
veins (V3) containing quartz and trace amounts of
pyrite + chalcopyrite + bornite have been observed.
Like many copper and copper-molybdenum
porphyry systems (for example: Lepanto Far
Southeast deposit in Hedenquist et al., 1998),
advanced argillic alteration is observed exactly in the
upper part of the Dogan deposit. Significant amounts
of Na, Ca, and Mg are removed from the structure of
pre-existing minerals during this process due to the
low pH (Clark et al., 2003). Propylitic alteration is
found at the periphery, from the surface to medium
depths, and close to phyllic and argillic alteration in
the Dogan deposit.

Discussion

The microdirotic intrusion has formed at an active
continental margin with an adakitic nature. The
hypogene sulfide mineralization occurs mainly as
disseminated chalcopyrite and pyrite, typically in the
matrix or associated stockworks containing
potassium feldspar-gypsum/anhydrite, especially in
the rocks affected by potassic and phylic processes.
The fluids producing potassic alteration are rich in
liquid and less vapor (LV); they have high
temperatures (398 to 513°C) and high salinity (more
than 50 wt% NaCl). These fluids have a magmatic
origin and are considered to be the cause of
mineralized veins. Phyllic alteration is caused by the

Journal of Economic Geology, 2025, Vol. 17, No. 1

DOI: 10.22067/econg.2025.1063


https://doi.org/10.22067/econg.2025.1063

Eskandari et al.

Dogan copper deposit (south of Shahroud): copper-molybdenum porphyry mineralization in ...

activity of fluids containing vapor and liquid phases
at lower temperatures (210 to 360°C) and less than
10 wt% NaCl salinity.

The low temperature homogenization of the fluid
inclusions in phyllic altered rocks (210°C) indicates
that the thermal gradients have decreased and the
meteoric fluids have flowed. In the next stage with
decreasing temperature, the addition of significant
amounts of meteoric fluids causes Na-Mg-Ca
metasomatism and a mineral assemblage of
propylitic alteration, i.e., epidote, chlorite and

calcite. The subvolcanic nature of the host rocks

(microdiorite) and their formation in the magmatic
arc, the presence of potassic alteration evidence in

surface and drilled cores, the salinity and high
temperature of hydrothermal fluids, the type of
mineralization (disseminate and vein-veinlet), the
high potential of copper and molybdenum, and
zonation of existing alterations all indicate the
occurrence of a porphyry system. Geologists should
be motivated by the supplied information to look for
undiscovered porphyry systems in the Toroud-Chah-
Shirin and other Iranian magmatic arcs.

Acknowledgments

We sincerely thank Tavan Energy Resources
Development Company for providing access to the
boreholes and support on the field.

Journal of Economic Geology, 2025, Vol. 17, No. 1

107

DOI: 10.22067/econg.2025.1063


https://doi.org/10.22067/econg.2025.1063

YEYF-OASD 1 SGs SUILLE YAV S Ll L

YA G Y00 domis VFF o) o)l YV o83

J,L;:lg’t:c{;

KA Ao https://econg.um.ac.ir

@ 10.22067/econg.2025.1063

ol —89 5 SlFlo OleS 30 (5 99 Ol go — o (2134 (09 oL s,:,.aq-) OB 93 o

iQLo.gJ.'\.S)g‘ ru\.iwg.ewé)éc *rwﬁm}nc ‘&5)..\;:.»'45\.\7:.0

Ol plesg,al ‘;,fu@wa&u\;‘w; (:}.Lc °‘\§:‘5|"qu) ajjfgdj.f:dﬁr.&}b\

Ol gl oy ali a5 ,8le i oKl () r}l.c o aSCisls el e eLf olails

Ol e35,8L0 05,85 anis o815 ¢ e ke 0dSTiis ¢l pn 03,5 Ll

LT €l 5~ gz DS el DS mins o815 ¢ ks alin 5 i G157 0tSCils slel”

S>>

e

APlho OleMo!

ol bdly (35 o Ol s (LSl a8 53 535 L5 g 53 08 93 O o = e LIS
sl S5 T e 0503 & (235,500 oS 5 b Gras 4as (glos 5 cailata pl )3 .l
Llod 51 5035 0ST, 6ls 5 glanS 5~ ) )y gm0 54015 Ll 0ls 154 T g 5 305
45 G SIS 5 St pe (i s sSUIST 0y sl (sla SIS 51 Sl (ks S
2 Sl 53 uaigy ol s LS8 SS Ve 5 8T et s 5kos ST e SIS i
5SS Gl S5 b (555 e iom 5> Sl Sl 503 S aen 5 (ssRk ) 4 O 53 LS
5Vl sla it 55 &S 5T Sle s S o i Sl Sl 53 adosp Sl B3
Sy Gl 83 W g SVl Sl bOba (o) 2 ol 3 5 o outaliie SSCLS gy b
5 (LF Sl am 53 VW L YA YL Oyl a5 to3 (LHV) Jlsu STl lis el
so3g oSl Lite hyls SVl ol Yl iyl (NACH S35 dwmys 00 51 i) 5b5 552
L VL e 1, (V3 gle €) eSls Sl $s . diles V2 5 V1 bl ) slawl fule
Gosd 5 OLS Sl am 3 ¥9 BYVY) 28 &l > s b (VAL wlo+ b slajB s s
33 e p 3050 T G g ¢ cand ey 5 3l o sl INACT S35 aioys Ve I 28
o Caalo dils aSTT Cale 5 il 4 15 (glo ) Jlab il JISITeSUS cblSL 5,08
92 Sl Sl s g L8l OLS 53 LT S5 5 (y339,500) Objon K as
ja.m,)@_umﬁt.&)C,suuﬁgvg_wéw‘_;m,@,_mwj@JL.“‘5\%_”,.
sty Sl (Ken 3 50 sl Sl 5 (stiagy 5 00 5 on YU Joesily ((glenS 5 -5
i ¢ Sss gLy Jase a3 5108 55 Sdme 03 gdoes ¢ SISy 5b 4.l (5,55 5wl K
— e SIS L gl slacals Lo S5 sibag 5 wlid S5 ol 5 il Ol s oK

s o OLES (6, 5 OAd 50

VRN Y i3l

VEXVYS s Sk gl

VERINVY e b

Sl soilg
Oded 30 5 e 2156
$Slsy Gl S5
R )

Jlw Hbobe

6‘}:9)_% fbl.el.w

Q\f}b

Cp el =35 5

Jghuo ok 93
=
sheibi@shahroodut.ac.ir &

Ao ool 4 Skt

o%—b};&gbuw)ééﬁ)ﬁOu\.:.:!y—w.a&b-ﬁg'()}}huu}’)b@})w\F'F cu\}j..vcf)w}g‘x)}‘u\;ﬂy%’e‘f‘&:ﬂ?GMGSJJ&‘

https://doi.org/10.22067/econg.2025.1063 .\ YA-Y+0 :(0NV ((gsleamsl ol s .o


https://doi.org/10.22067/econg.2025.1063
https://doi.org/10.22067/econg.2025.1063
https://portal.issn.org/resource/ISSN-L/2008-7306
https://portal.issn.org/resource/ISSN-L/2008-7306
https://portal.issn.org/resource/ISSN-L/2008-7306
https://portal.issn.org/resource/ISSN-L/2008-7306
https://econg.um.ac.ir/
https://www.um.ac.ir
https://econg.um.ac.ir
https://econg.um.ac.ir
https://doi.org/10.22067/econg.2025.1063
https://doi.org/10.22067/econg.2025.1063
mailto:sheibi@shahroodut.ac.ir
https://doi.org/10.22067/econg.2025.1063
https://doi.org/10.22067/econg.2025.1063
https://doi.org/10.22067/econg.2025.1063
https://doi.org/10.22067/econg.2025.1063
https://orcid.org/0009-0008-3223-3905
https://orcid.org/0000-0002-2163-8551
https://orcid.org/0000-0003-0305-0794
https://orcid.org/0000-0003-0762-6543

...):5J§)xg4,§f—wﬁ@»UAJK:(:}JALL;‘;};?)Q@};W L 5 oyt
el 43 53 Ao
S8 LS L OLS Sl S el 355 oLE L OLS

e w9

3 b Glaalia (gloylsale Gla  soai () 5 Sl
5 @l e Slles e a8 5 Ledlis (s
5 L geist ) Suils 5 Kw sladslg 51 (615 s g
(el S5 (K sla oy g (i (slao s
LS (Bher g e 5 ol 5SSl (s, Kals
3 0237 LK gl 31 a3 ¥e 3las Ll 55 Al
Coiie GLGLS 51 4505 YY 5laws 5 omba s 348" (gla_tin
il Y SLSV sluw olf}: ora 83 gdoua )y LA il
e e opl o Je el sl S )l SliS
s BH.4, BH.17, BH.18) 6L ¥ gz clalys sulons
53 LalS g odacils ) Calibee (Uad sad Cond g0 ol oIS
S50 e Vo sl Ll odb 03,37 ¥ 5 sla SIS
Al gt i o S5l YV 5 S S
sl s )y L;Jléqjlf) 6)&&-“ (el S
o la3T 55 5 bl Glow S5 o 1S b (K (slad sus
oty ol I (gl (6T oliula3T 5 15L1S" 428" 55,55 oS
ICP-OES XRF (sla s, 4 0bT 528 Jlgn S _snio
Cds b 4 OlaS 5 Lol ole L 5IICP-MS
7Y ol pote (sl 0 S slass i sl ¢ Jons 5 40325
~/~b¢.:ab§(=.xp Shils Ol ole i oS Jb jsecult
nywbgﬁjéuw)ﬂ(@\)jﬁuq st
¥) b S sl Jino 55 daie d sl lsslS”
L BH17 LS 1 s ¥) dies Syl 5 o 5 (45505
Sos g led . Cowlodd cwy p g ags (T YA lafl e
o ity (g3laaml alidh ey ol lasT 55 Jlow sla Lok
5 Linkam MDSGB00 o&es 5 sslizul | 55 2l ixis

L OldT g DS oo oL _sils s FRRT-EISESREREIN

BB oz (sl 45 il (555 n Oyl (5l L gy e
sl ol s g1 (5,lT 5T 5 SlaitsT e | o 5
asgae b s 53 Guesand 5 6358 Glress 6oL
2> 258 Galele n 5 (A-) JS) Wlos Jis o )3T
ot wgoola Loyl ilS 3 ep g4 o LE L OLS ol
Slodis oy pl3 CAEN &S das o OLES .o g S cLabl>
Mehrabi and Ghasemi Siani, 2012; ) tzwa Jl 5 o &

Sheibi and Mousivand, 2018; Tale Fazel et al.,
OO NVY oLslaor Cand o b O 53 0 g — s LS (2019

T NFOVEYO YF Yy 5 s JLoF aF s of
Dbl G 2) 33 ALE 5 b (6 S I 53 ot
S kS VY 5555 iy dli (6 20 kS VA (Ola
B\ ) 515 515 o gaoler s LS 5 i ]l
Ll 395 =35 als (Jloloslr Gy b Sl o i o)y (S
0594 5 el 3K o8 S0 sST Sdae 035w
0315 g5 5 ol 43 S5 15 iy 590 (630l il e
5 g oh 3 5eme (Sl GO Ss 5 as 3 g g (il e
s sleasl Ll , (Tadayon and Katal, 2020)
— S adlei b oo - B s slal glyls s 8 el ¢,
5,5l jabslael S8 g5l b JS (lag 505y oo s
3oty dalsi Jras s pl 55 Wl e g Lulis dilaie o
315 08 53 0t go = o JLlS” 3 S (685 Slol K
Syl g ol =35 5 oS L 0LS 5 sdld sl 5o
SlasT o s opl 3l edal Coms 4 uls Sl il L 55
b e 655 0 Ol e oLl dn oS 55 alie g 5153
(SIS (il SIS (o) s sl S5 s bl ol 5o
3 o gladigad 5l dl—w HLoke slaesls 5 o

w)ﬂj)}adsl.!@.fwa:)mO,L‘)JL;JLQ:-LgLAa};,A

DOI: 10.22067/econg.2025.1063

AER

Yooyl AV oo 90 NP F (ool u“”uw")


https://doi.org/10.22067/econg.2025.1063

w33 G5 Odd 30— s 21548 (05 2l O g) Olf}ldwﬂ

OLKan 5 gLl

el aS ol (g s 53) ey VY Ve 5(1978
Geos tas oz 5 5 o gl SLai 25T — (o )1sT,5T (slac&n
SLitsT—lsT,5T g st o Jals 1y cpmn S = o i1
Svaale 5 laaVobe b1 8T 5 3y g gl 31 i
231 ek 5 (ST (slaanl L 1o J8S7 (0 il
&>y otes .(Houshmandzadeh et al., 1978) 5.8
Go31uE sl O 53 s 03 gudous 53 4Ll gaist y K
5 ol STAT o 50,5 (6 ST b jn 25T
(C) JSi) din S 3039 S0 oS 5 b ook e Slo3 5

Wl ) Do 4 6T oy &S

312500
1

Linkam THSMG- oS et 5 045 p 8 aomis I 03Lic
s L LItz 0l 0 o Sy Koo (555 od—s—2i 600
Glos 55 5 /Y 1S Sl a3 5 slales 53 (6,505l
ol (5,8 031l 51§ b amys £Y 51§ sl amjs ¥ (oYL
(0 5en Do s g0) oo o3 T 55 (s sla SIS ol
ol Aol SLLa XRD iy 4 0laJT 528" Jlga IS

.Qw‘auja)léucﬂéb\.;(;\o‘ﬂ@dﬁjbﬁrfb&))

LR
LglAA_m.b" & u‘;J—":’JL“—‘;' Coamnd )\ r..au" = ) Q\fj: 6:-\” 63 gd>en

Houshmandzadeh et al., ) 555V Y0 v v v ol b}

313000 313500 314000
1 1 1

A C
Caspian 312000
ungu 2
Sea AMB - At
TCMA > ...“"MS_A
i M > ®
i Ped Afghan- fl LI())
CI i;mn
Iran uD
7
% N
5\ MZT

{xxxxxxxxxxxxxx
XA KRNI KR

M53 g\x x x
< .-!-\“‘ °

e
X
XX X@X X X X X e

3939500

E KX X X X XX X X
TOX X X X T XX XX XX
Sacp h R

3939000

T
3938500

T

0 0/25
-—— Kilometers
Symbols "] =
@®  Bore hole (BH) S 1@ Q" Alluviums and alluvial deposite
Sample (Sk, M) ke V3
_.__ ol Il’niniug -f,‘ STE - Homlesized volcanic rocks (weak degree)
Normal fault E ",E\' Andesite with amount of tuff and sandy tuff
—A_A_ Reverse fault g ey . i Dark gray, mafic dyke
) %ot E : Andesite with agglomerate and tu
7 D 7 @ LOLE  Andesite with aggl t i tfl F R
P v e ,‘l'\"‘.'l v b ,‘”,., E,: Light gray color,
Road o) l" - gray to green color andesite =0 microdiorite to dioritic porphyry

508 53 Gla,Luils 5 o bola =35 5 o LSle OLS™ b g0 1B (Ol ut (ol L (sla0 s 4t 53 O 53 Sudas 03 gudoms oy A LY

s L33l (Tadayon and Katal, 2020) JUS™ 5 -5 31 gkl glaosls OB 55 e HLailS” Sl oild ags ouslidiopens 4 C 5 s gool

Sl

o o3ls0lis (g ke 6““5\“? 50Dl 5 Slad gad Cond go .l

Fig. 1. A: The location of the Dogan ore deposit in the structural zone map of Iran, B: Location of the Toroud-Chah Shirin
magmatic arc and the Dogan and Chah -Musa deposits, and C: A geological map prepared from the Dogan copper deposit.
Structural data are adapted from Tadayon and Katal (2020). The locations of the collected samples and drilling holes are

shown.

DOI: 10.22067/econg.2025.1063

AR

\ a,L,:z Vo9 AFF ‘ééuﬁl ‘_,ML.:Q:U


https://doi.org/10.22067/econg.2025.1063

...):gjzé)xb-xﬁjf*wﬁ&.UASKI(J}JAL&:;.‘)}L?)Q[?}JW

Qb&,@} L;).J.;g..:l

aﬁ\ﬂwmg—@MTéubb):&ﬁﬁ-E oo &
VYl 558 (5o s 5 S5 S slns 55 b Sl B5 bl
4 ol S Sl Gla Sl S5 bl 0 Dt o S
5 sk sl Sl T 5 Lol ot s gdonn oy 035 S Al g
g&\}\@wTéh&mijn}S):Qj)T
A ls o e 51 aslsl s (Y JSCE) Wledis o5 28
sl oz 03,5 ba Sl S5 olas’

03 e ch_,»)> Sl G’L""Jf’ RN SHre 03 gdowe >
25 B sAY IS0 Ol 5 ply Hltls a8, I
w5l C g et ls Gl SIS pim b sdate e slaalS
(Cr S 55 o e Cay 335,500 53 pamly Hlwnlls
GG LAl ledd Coils s ,See sladisei s
o IS Db 4 g LeSle—(gleb 55 £l ol 5 gy s 53
3D JS8) dils s 4y 56— be S 5 S 5 s
Sl (gl b 4 Ol o Sl S5 cpl oL dalps Koo
Aol s (FHE-v JS8) 587 o) Lsl o5 5 Syl onley
4 i 5o 5 S sSIE e (e (Sl laisnl
(H 5 G- JS8) Wlokds sdalin sl 3

5 5 S U s 5588 g Sl S5 5 e sladp
(o S Dyl et ls sla ST L @ Sy Sn 5 5
ST (e s iy o plalis 5158 5 olS
358 Sen Aty il g (1Y S il e 8T Jlie (ol )
BH.173;BH.4 sl ;5 SLu S g5 onl ks 5 g
o)l LS )3 logis ssb a s o 4 35 (gladigal s
bl el s Syl i 8 g e V) Goe b o 5IBH.18
S35 2 (CaedS 5 2 JS) S 85 oSBT ok )
Sledls) ¢Sy Sl B3 e Ls sla SIS glyls slaeSin
(o SalS (-1 JS8) ol ois 15 (5 5 el
3 ol sl 55 (4 58) S5 87 5 Syt e SIS

(K =¥ 88) Wyls ) g Lo £ oyl

ot J5(EY) Sbo b o 05 (sl S gt 3T
~ 8T O 5 0Ly 5hT S o318 ¢ als 5
AL ar g odljdia by a Lo g5 aS i s
Uiy Al Ol s2e 4 (Houshmandzadeh et al., 1978)
s G S il ol 53 (Hlods (IS L o 5 SladasT
(I5L 38T e 3T 1 oS 5 slaa s glaeKn il
ol 1y gl ol sl B slsl e &y Sl 5 o 3T ST 5
2y

LS s colfja JEREYREPREY IS (EoP) SR I909 K 0343
b b s =G il gl o8 g - 3 5 sla S
OAeTYL o 487 Wl D gaist ) o s L US55
Lol 3 g (slaoyl 5231 3 55 o 4 Gas I (63585 Slaes 5
) o al i Ll (Tadayon and Katal, 2020)
STy - gliaasT e iy 4 Guesdod Slos 5
1l 15405 ol Ol joe &7 Sl 0l o Sl e 5]
Aled s (g lim do-ly pl 53 395 40 bl iy S ceen
S 5o p ladls Sl Ghyls Lo 53 LasSw o
Wl LS5 il s 08 5 s SIS 3 slay by

U Gabs slacsls Ghls @Ky S 15 53 nomen
S S B s S oS 5 5 Y51 8 S
4 )l pd S g 2l (i SIS 385 (Gla ) 2 sl

Al or I Gree AL 4y el (sladi pa5 3l 4t

21346 9 Sl £
Sl 55 5l ( AR LST 5 o) s Gl o) 2 ol
¢Ss «(Chl-Ep) 25 «(Bt s Mol (Gp Anh) ¢St
ol o Lalis O 53 Sdas 03 5des 5 (Cly) &S 5,T 5 (Ser)
25 S e Sluag S il 3 (ST sk 4l
ol bl a4 S 0 5l aS (g sb an 35 o ol i
ks e 5 S LT (S Sl sl Sl S
35 ke 5 4 96 T A8 gl (Y JSE) Wil 3 S

DOI: 10.22067/econg.2025.1063

ARR

Yooyl AV oo 90 NP F (ool u“”uw")


https://doi.org/10.22067/econg.2025.1063

w33 G5 Odd 30— s 21548 (05 2l O g) Olfj:u,.a

OLKan 5 gLl

312500

313000 313500

3939500

3939000

0/15 0/3 0/45 0/6
s Kilometers

3938500

=
o

—103
(<]
=
=

—
‘ Phyllic zone (Ser)

-

Alternations

% Argilitic zone (Cly)

Potassic zone (Bt, Mol, Gp, Anh)

v/ i Chloritic- Propylitic zone (Chl- Ep)

® Sampling (Sk, M)

S 30 (S Sk gas 457 o aolins] o 5les ol jad 4 OB 55 B 8 — s HLlS 3 L0 gist 5 sla Sl $5 Cund g 3 (5 s ¥ S

o L3l (WarT, 2021) 515 51 (g 5lamst| @3De .l 0 03130085 cilods Sobls y eimalos s 5 (god e (oS s San (b sy 5 8l

'(6“') Lgl.adilf Cly s o Ser QL..lef -Chl L&:J"w\:.;‘ Ep “;‘,.J"L.‘.;‘ :Anh ‘J"“-‘:‘-’~~3 Gp c[).\.xj}n ‘Mol S g Bt) .l

Fig. 2. The alteration zonation in the Dogan copper-molybdenum deposit. The labeled numbers represent the stations
where the required hand specimens were collected for microscopic, geochemical, and microthermometric analyses.
Abbreviations after Warr (2021) (Bt: Biotite, Mol: Molybdenite, Gp: Gypsum, Anh: Anhydrite, Ep: Epidote, Chl:

Chlorite, Ser: Sericite, Cly: Clay minerals).

rw;ﬁ@bfaa\)a..\ﬁa@QL:J\)[)}J.;‘,.»&T.\:...SI
@‘oﬂdﬁbj)‘;jwﬂbjb&mdba%
S Lo S5 56T ok oy 5 blis el 55 (B-F )
6‘*;4‘19“:"““""‘;ﬂﬂ&&“@dbdbf"&))ﬁ
Ss Lo $50d 28, 5l gual s C-F Ko 5 e
Sl S35l ol 5 S5 635 2 (Lims = 5155)

el 0l 030505 SKnley

& $Sly Glo 83 bl 53 e e 53 &S L 8
Glols 53505 5L 5 8 (Ll ) JSa U gy &) s
35 Gl sloojre 55 (Y JS8) Sl p 5 i Bl
S 4 5 s 535 Son y3 059 4 Slu £ opl 5l alsb
Lz 2,8 by s D)o s Ol a5l 55 2
ool e 3 g g gl S nSs 5o 8 ol bl 45 e L
@L.»J?.s ool 6"‘”6{”“*{‘5" shls Lgudf;_.ﬂ).s Dy n
s Gl 85 8 ) p e A IS8 bl e ol
5 ot el s 50T Lol ol (B Sy 35 S

DOI: 10.22067/econg.2025.1063

\ UL,:z Vo9 AFF cL;bL.a.:ﬂ ‘Sﬂuwﬁj


https://doi.org/10.22067/econg.2025.1063

e 33 Gtz OA go = e 1508 (05 8l O giz) O 53 s O 5 (58!

Potassic alteration

ﬂOOnl Fol ::J\f\

500pm
’(mu m

Propylitic alteratlon

Sl Lo, 515 gl By A OB 53 5Ll 55 eSS 5 Sl sl Sl 5 51 (g 5Sns Son 5 s Al b s S T S
e D GLS L Olsl 5 gl s ey Sl (g5l Sty P U S| TP RN P O P I gPY [P Y
23 ey Dl &5 5 Sy Son i B BHIT-267) (5550 55 53 456 S SIS 55 oSl (614655 S s 51 558Ky S
el Slendls S 0 4l 5l 4 5 ol 53 Sy Gl B 5l ool 5 g 805 S e FUBH17-88) 2y 055 8o 11
5 S SIS (o cCaite SIS I g Sy Ko 6l 5aai (H 5 G (BH17-188) wjls 55 S S oS lie 5 Syl ¢ o 5
G S g5y p (alosp Sl $5) CodS 5o S Gla SIS 2k p i) o ados Sl S5 51 sl La 8Tl o wlSul 5 53 St ge
WarT, ) 15 51 s sbazt odle (ar 58) Sl 5587 5 Sy gt 0o s8I 2 g SalS K 5 (5 5 pomvliy lnilld) &Sy, Lo S5 L
«s S Chl ccds™ :Cal coy ;s AN ¢ 5 5GP 51,8 :QZ S 553, Pl (el Slnnlld KFs (o oo Bt) ot s oLzl (2021

(e85 CV 5 oy e BN (e SIS :CC 3 50 MOl (e (MAG (s o PY s 0 SIS :Cp
Fig. 3. Field and microscopic evidences from potassic and phyllic alterations in the Dogan deposit. A and B: Close views
of K-feldspar veins in the outcrop and boreholes, respectively, C: Microdiorite affected by potassic alteration containing
abundant K-feldspar and magmatic biotites, D: Photomicrograph of magmatic biotite adjacent to the secondary ones in
XPL (BH17-267), E: Photomicrograph of K-feldspar vein in microdiorite (BH17-88), F: Photomicrograph of a vein
resulting from potassic alteration in which K-feldspar, gypsum, anhydrite, and some calcite are present from margin to
center (BH17-188), G and H: Photomicrographs of magnetite, pyrite, chalcopyrite and molybdenite in reflected light, I:
Brecciate agglomerate affected by propylitic alteration, J: Overprinting of chlorite and calcite (propylitic alteration) on
potassic alteration (K-feldspar and gypsum), and K: Pyrite, chalcocite, bornite, and covellite minerals (secondary).
Abbreviations after Warr (2021) (Bt: Biotite, Kfs: K-felspar, PI: Plagioclase, Qz: Quartz, Gp: Gypsum, Anh: Anhydrite,

Cal: Calcite, Chl: Chlorite, Ccp: Chalcopyrite, Py: Pyrite, Mag: Magnetite, Mol: Molybdenite, Cc: Chalcocite, Bn:
Bornite, Cv: Covellite).
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Fig. 4. Field and microscopic evidences from phyllic and argillic alterations in the Dogan deposit. A: Development of
phyllic alteration in brecciate microdiorite associated with supergene copper sulfide and iron oxides, B: Photomicrograph
of sericitization of plagioclases, C: A gypsum vein resulting from potassic alteration overprinted by phyllic alteration
(quartz-sericite). The quartz vein contains pyrite mineralization, D and E: Photomicrograph of clay minerals the argillic
zone, and F: X-ray diffraction results of SK161 affected by argillic alteration. Abbreviations after Warr (2021) (Kfs: K-
felspar, Gp: Gypsum, Ser: Sericite, Qz: Quartz, Cly: Clay minerals and Py: Pyrite).
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Table 1. A variety of vein types in the Dogan deposit
Group Minerals Alteration Other
First group . . . . . . . L
(V1) Orthoclase+anhydrite/gypsum-+pyritexchalcopyritetmagnetite Potassic With Cu mineralization
Second QuartztK- Potassic With Cu-Mo
group (V2) feldspare+pyrite+molybdenitetchalcopyritexmagnetite mineralization
gr(-)ruhplr((ils) Quartz+pyrite+chalcopyrite+bornite Phyllic With Cu mineralization
Fourth None mineralization and
group (V) Quartztgypsumzcalcite - produced by tectonic

activity

LSl 5 5 55 s 3590 03T Slaw 5o el (1983
55 LAY JSCs) Wlas 8515 glo s b asl> JISITeSIS
dg g s 5las S ND/YD flas ;5 ZH/TiO; Lis 5
ludib 4 ¢SGS ¢l 5 (Winchester and Floyd, 1977)
Sad gas el (sl 0l ol b o0l B3 )3T slaeKn
55 . (B SK8) Wilas § 515 Sy 03 gdoes 45 oy p 3550
s 035 L OB 55 Gras 4asi 035 oonbipe SlaoslsV IS
Sl s A b Jla 5 ol (2560 Ojon 457 o goolr Groe

sl s lisaws lie (Sheibi and Mousivand, 2018)
b S Wgo LSl SN oy i Olioe (2 G2
oyl g 5 T (K55 (K5 5 L foman cad ol LS
sl b S S 5 4 S 0l lagale (e L
Boynton, ) < ,a=s” 5 (Sun and McDonough, 1989)
Sogas 53D s C-v JS ) Cul ot o3liz_l (1984
Comy 3 30 (S1ad god cadsl 45 8 4 Lo 0l s (5Lmssle
Wilson, ) asyls 1y ity sbeiss bl b jasls oS
0365 55 w3 S wlie 548 gl S 4 (1989
Ti yNb ji 5 s & (LILE= Cs, Rb, Ba, Th, U, Pb)
b S (S5l g3le I3 g0 43 dias e Ol G S g
Sy adls (Ve=FO) YL La/YD s 53T o5 opl el S

Llodkd g5 Sl 4 5K S b wole

J=1s 03 Ciddpe ol palie 5 o SIS imen
b oS a3 5 oyl / ey — ey Hl—els sl
SenST 0 93 88 b g n 0> S 5 Sl (sla Lo 8
A B Y Gae lodddnS| glaeSiuls” 3 S ie 05 5 5
‘qm;\dg_:@qa,agu:f_fchu_w;n@u
23 il S SIS 5 S (SYL (S s s
Gy ol 5 O 93 LS (g3l pen JI5 & s
0 5 F o b S 55 ol Dl 5 o 5SS 385

sl sl

(SO0 )
oz Sl p5Y Dlovnad (o a5 4 25 S 8L, Sl A
sdiles! _onlaeKin 55 Jgome (sla_ta, 4 15 5l ol
Y s 53 badigal oyl S orbin 4o gl
(S s Sn G ) 2 93 Sl a5 bl 2SS
O 53 s e 0355 3l ol b iils (S bk gas
33 ol o5 o Jlasl g3 oo S SVLw b i Sl
2ol 5o 31 e ) (6,18 Rl (61 el Jazms LT
Slin p (Kw GCS 5 o 50 OT 3 & Sl 0l o3lizal
ol a5 53 ol 0l 5 S el a8 olie (sla S35
Pearce, ) Ta/Yb Jlas ;3 Th/YD &S el 5 ClaS ol

DOI: 10.22067/econg.2025.1063

V¢

Yooyl AV oo 90 NP F (ool u“”uw")


https://doi.org/10.22067/econg.2025.1063

e 33 Gtz OA go = e 1508 (05 8l O giz) O 53 s O 5 (58!

'
A

I\’Iu;_r,/\\\:*‘lf(;p

.
s 1

5()()lm

cm Blll7-8 ” -

Vein 4

500||||

Sl g5l V1 31 eKn 5 ol 1A LOK 53 HLlS j3 ot olalis L;\Ab;f),-af)&\)}ljl Sy Sn 5 e 4 ges Slaae i 0 S
35 33 peoliy St 5 53 Lzt Uy b 1C 1S 5 el Sl S JSCize Vi o8 51 g Sy Sn 5l B s 5 S s oy
V2 &) 5l g8y Son pgas ol o V1) 55,5t gy v g oS (V2) JsalS Couail 5 51605 ol D ulSal
H oot ge 5 o 0 SIS (i (3l oy Hlanll (Sl 51 o oS0y S (sl 53 By ey sl 5 oy Slnlls (551
53 g sSs Soo g | 5 o odaliin Syl 3 rnley Sl (SLl fo B0l S5 Sdd 4 Vi a8y Ol bl 53 Vs gl
) 8 sl e, 48 Vi (6 b andS 85 1K 18 ol 51 g 5K Sn s sl 3 e 5 o 0y sSIST (3l 55,155
Ll 03 g0 plaB ) A3 655158 5 et S (b adS M L5055 53 S O3k SIS LS5 s s L 03 S g
Cepey w Py cwds”:Cal ¢ s 5:Gp 55,15 Q2 ey lnntld KIfs (o 50 B ol o ulisl (Warr, 2021) 15 51 s ylazs! e

(Csdd e Mol 5 cslen :Hem (zie :Mag ooy o SIS

Fig. 5. The hand specimens and photomicrographs of the identified vein types in Dogan. A: Closed view of V1 containing
K-feldspar and secondary biotite, B: Photomicrograph of V; consisting of K-feldspar and quartz, C: Photomicrograph of
magnetite at V1 in reflected light, D: Closed view of the mineralized anhydrite vein (V) which is subsequently cut by
later veins (V.), E: Photomicrograph of V, vein containing K-feldspar and anhydrite, F and G: Photomicrographs of K-
feldspar veins containing magnetite, chalcopyrite, pyrite and molybdenite, respectively, H: V3 vein is developed around
strongly modified V1; the remnant K-feldspars can be seen in these veins, I: Photomicrograph of a quartz vein containing
chalcopyrite, pyrite and magnetite, J: Photomicrograph of quartz veins without mineralization, K: Late calcite veins (V4)
cut the previous veins, L: Photomicrograph of quartz veins without ore in transmitted light M: Late calcite veins (V4) cut
the gypsum and quartz veins. Abbreviations after Warr (2021) (Bt: Biotite, Kfs: K-felspar, Qz: Quartz, Gp: Gypsum, Cal:
Calcite, Py: Pyrite, Mag: Magnetite, Hem: Hematite, Mol: Molybdenite).
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Table 2. Geochemical analyses data of the of the Dogan deposit. The oxides of the major elements are reported as wt.%
and trace and REEs in ppm.

No. BH4-120 BH17-188 BH17-249 BHI8-62

Long. 312654 312655 312655 312757
Lat. 3938709 3939043 3939043 3939249
Rb 61.1 42.2 41.6 138

Cs 1.1 <0.1 1.6 -
Sr 415.6 404.1 881.5 273
Ba 279 347 294 337
Y 18.9 8.1 14.4 -
La 12.1 11.7 19.1 -
Zr 7.7 50 95 92
Ce 26.1 21.3 355 -
Th 3.4 2.2 4.6 -
Nb 3.6 2.6 3.7 -
Ta 0.4 1.5 1 -
Pr 3.41 2.7 4.52 -
Nd 16.4 11.1 20.2 -

U 0.9 0.4 1.1 -
Sm 3.65 2.19 3.76 -
Eu 1.18 0.77 1.19 -
Gd 3.91 2.17 3.57 -
Th 0.54 0.29 0.45 -
Dy 3.18 1.8 2.54 -
Er 1.86 0.89 1.48 -
Tm 0.27 0.13 0.19 -
Yb 1.69 0.74 1.32 -
Lu 0.22 0.1 0.2

SiO02 47.87 51.87 56.08 39.54
TiO2 0.69 0.31 0.59 0.64
Al2O3 16.78 10.7 18.57 19.91
MgO 5.01 1.35 3.2 4.2
Na.O 242 1.99 4.31 1.57
K20 2.51 2.37 1.71 4.33
LOI 0.18 0.54 0.35 8.529
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Fig. 7. Geochemistry of subvolcanic microdiorite intrusion of the Dogan deposit and the Chah-Musa subvolcanic
intrusion (Sheibi and Mousivand, 2018). A: Zr/TiO, versus Nb/Yb diagram from Winchester and Floyd (1977) to
determine the lithological composition, B: Th/Yb versus Ta/Yb diagram (Pearce, 1983) to determine the magmatic series;
N-MORB and OIB values from Sun and McDonough (1989) and continental crust (CC) from Rudnick and Gao (2003),
C and D: Chondrite normalized REE pattern (Boynton, 1984) and Primitive mantle-normalized trace element spider
diagrams (Sun and McDonough, 1989), E: AFM diagram to determine the Magmatic Series (Irvine and Baragar, 1971),
F: Sr/Y versus Y plot (Martin, 1999), and G: Nb versus Y plot to determine tectonic setting of the igneous rocks (Pearce
etal., 1984)
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Table 3. Microthermometric Data for 57 fluid inclusions in the Dogan deposit. N represents the number of measured

fluid inclusions. Fluid salinity was calculated based on Bodnar (1993).

. Vapour ..
Sample Host  Alteration L o Salinity (Wt% .
code Mineral type Fltype FIA Type N l;(;ltlil(zl Tmice("C) NaCl) TH(C)
FIA -17.22 to - 185.20 to
4 Vo320 1520 2.95t0 16.50 24187
FIA 195.62 to
b2 T 5, LV o4 30 -2.8310-9.32  4.64t013.17 222 81
- uartz (V) 1tic rima
e A L4V 2 25  -185t0-491 32510774 12224t
-3 o o : ' 200.23
FIA 198.74 to
4 VIL 4 80 -155t0-11.73 25210 15.67 950,12
FIA 169.20 to
4 VAL 8 20 -157t0-13.16 2541016.98 360,16
BH17- Quartz propylitic . FIA 225.38 to
960  +Pyrite - phyllic Primary ~ 5" V4L 3 10 -482t0-798  7.52t011.5 35074
F_If V+HL 1 30 -3.77 6.30 222.10
FIA 195.30 to
4 LV 510 30410-13.54 49710 17.39 23110
BHI747 Quartz propyliic Primary o' L+V 2 20 22610420 3.70t0 6.4 235'5032“’
FIA
5 Lvo2 30 2.87t0-5.69 4.65t08.62 225.06to 226
Gypsu
7o F_If* LtV 7 20  -356t0-16.34 42%37%0 322';;2“)
ydrite FIA 10.81 47 51 " 299 | 5t
BH17- uartz . . -l 1o - <110 -0 1o
280 fpyme potassic ~ Primary o LTV 3 30 15.32 55.95 438.97
+
FIA 15.73 to 204.53 to
Cha?co 3 V+L 2 60 -7.47 t0 -9.63 5376 450 80
pyrite
FIA -12.35 to - 57.82 to 450.32 to
g Vo2 12.90 59.40 480.42
Gypsu
BHI17- . . FIA -10.62 to - 485.15 to
330 m/Aph potassic ~ Primary 5 L+V 6 20 13.53 50.67 to 59.4 58029
ydrite
FIA 58.35 to 502.36 to
5 LHVo2 30 -99710-1048 5255 562.47
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Fig. 8. A-D) Microscopic images of different fluid inclusions

Q\f)é

studied in quartz, gypsum, and anhydrite minerals; A:

Liquid-rich (L+V) and gas-rich (V+L) two-phase fluid inclusions in the gypsum vein, B: Liquid single-phase inclusions
(L) in the anhydrite vein, C: Individual and primary fluid-rich two-phase inclusions in the quartz, and D: Secondary fluid
inclusions in the quartz; E) Graph of homogenization temperature versus salinity of fluid inclusions in the Dogan deposit
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Table 4. Comparison of Dogan deposit with the major porphyry Cu-Mo deposits of Iran and the world

Escondida, Los

Dogan Songoun Sarcheshmeh Pelambres (Chile)
Tsi?c:?r?g;c Magmatic arc Magmatic arc Magmatic arc Magmatic arc
. . Diorite- Quartz monzodiorite- Trachyandesite- L .
Host intrusion Microdiorite Granodiorite Granodiorite Diorite-Dacite
Wall rock Po;assw-_P_h_yllc- Potassic- Phyllic- Potassic- Phyllic- Potassic-Phylic-
- rophilitic- A A o
alteration Argilic Silicification Silicification Prophilitic- Argilic
Ore textures Stockwork Stockwork Stockwork Stockwork
Comudities Cu+Mo Cu+Mo+Au+Ag Cu+Mo+Au+Ag Cu+Mo
Cu=0.6%
' Cu=95 Mt
- = Y = 0 = 0 = !
Ore grade Cu=0.75%, M0=0.01% M0=0.02%, Au=0.27 Mo=14 Mt

gr/t, Ag=3.9 g/t

Structural zone

North Central
Iran

Urumieh- Dokhtar

Urumieh- Dokhtar

References

Present study

Zarasvandi et al.,
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Zarasvandi et al.,
2005; Waterman and
Hamilton., 1975;
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3. Institut fir Endlagerforschung (IELF)
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