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magmatic arc within the Cenozoic magmatic belt of Kerman, Iran. Due to the widespread occurrence of
Sfa’n":’i‘;ﬂﬁokhtar magmatic magnetite as a mingr phase il:l pc_>tassic anq phyllic alteration zones, this dgposit provides a suit.able
arc, Meiduk porphyry, EPMA,  context for geochemical investigations. In this study samples were analyzed using Electron Probe Micro-
Magnetite. Analyzer (EPMA) to assess the physicochemical conditions of magnetite formation. Elemental data
i indicate that the magnetites are predominantly of hydrothermal origin, characterized by high Ti and V
and relatively low Al and Mn contents. These compositions suggest formation temperatures of 200—
300°C. The chemical composition, especially Ti/V ratios and trace element distributions such as Co, Ni,
and Cr, effectively distinguishes between magmatic and hydrothermal magnetites. Geochemical plots
confirm that the studied magnetites fall within the porphyry field. Petrographic evidence, including the
occurrence of magnetite in association with sulfide minerals such as chalcopyrite and pyrite, strongly
supports the geochemical findings. This study highlights the potential of magnetite chemistry as a
powerful tool for deciphering ore-forming processes in porphyry systems and demonstrates its
applicability in exploration and modeling of concealed or deep-seated mineral deposits.

Introduction

Porphyry Cu-Mo deposits are among the most significant
sources of base metals, particularly copper, molybdenum,
and gold. These deposits are typically formed through
magmatic-hydrothermal ~ processes  under  specific
physicochemical conditions. They are characterized by
widespread hydrothermal alterations and complex mineral
assemblages, making their exploration a scientific and
practical challenge. Magnetite is one of the key minerals in
these systems, and due to its high stability and ability to host
a wide range of trace and rare elements, it provides valuable
insights into geochemical processes and ore-forming
conditions (Sillitoe, 2010; Meinert et al., 2005). The
chemistry of magnetite, particularly the concentration of trace
elements such as Ti, V, Mn, Cr, and rare earth elements,

reflects parameters such as temperature, pressure, fluid
composition, and redox conditions (Zarasvandi et al., 2023;
Nadoll et al., 2014).

Recent advances in microanalytical techniques have
significantly enhanced the use of magnetite chemistry as a
reliable tool for distinguishing between different types of
mineral deposits and identifying alteration stages (Grigsby,
1990; Wen et al., 2017). The elemental composition of
magnetite is not only useful for reconstructing magmatic and
hydrothermal environments but also plays a role in
evaluating the economic potential of mineralized zones. In
porphyry systems, magnetite occurs in various forms
including vein-type, disseminated, and as part of potassic
alteration assemblages, all of which can reveal critical
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information about ore-forming processes.
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In the present study, the porphyry Cu - Mo deposit of
the Miduk area is investigated with a focus on magnetite
geochemistry. The aim is to reconstruct the
physicochemical conditions during mineralization and
assess the role of magnetite chemistry in exploration
targeting of similar deposits in other regions of Iran.

Materials and Methods

During fieldwork, 50 igneous rock samples were
collected from the Meiduk deposit. From these, 10
magnetite-bearing samples were selected for detailed
analysis using Electron Probe Micro-Analyzer (EPMA).
The analyses were carried out using a JEOL JXA-8200
instrument at Montanuniversitdt Leoben, Austria.
Various geochemical diagrams—including Ti vs. V, Fe
vs. VITi, Al+Mn vs. Ti+V, and Ni vs. V—were used to
interpret the origin, crystallization environment, and
physicochemical formation conditions of the studied
magnetites.

Results and Discussion
Results

The chemical compositions of the analyzed
magnetites are characterized by high Ti and V
concentrations and relatively low Al and Mn contents.
Over 90% of the samples fall within the hydrothermal
field typical of porphyry deposits, with only a few
showing magmatic or re-equilibrated characteristics
(Dupuis and Beaudoin, 2011). Based on elemental data
and diagrammatic interpretation, the magnetites
crystallized under low oxygen fugacity and temperatures
ranging between 200 and 300°C. The Ni-V trends further
support a progressive decrease in fO, during magnetite
formation (Wu et al., 2019; Wang et al., 2014).

Discussion

The chemical signatures of magnetite, along with
petrographic observations—such as its association with
sulfide minerals (e.g., chalcopyrite and pyrite) and
alteration minerals (e.g., chlorite and sericite)—highlight
the dominant role of hydrothermal fluids in the ore-
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forming processes at Meiduk . The Ti/V and Al+Mn
ratios serve as robust geochemical indicators for
distinguishing porphyry-related magnetite from those in
other mineralization types, such as IOCG or skarn
(Nadoll et al., 2015; Wen et al., 2017). These results
suggest that magnetite precipitation occurred alongside a
temperature drop and decreasing oxygen fugacity, both
of which are key factors in initiating sulfide
mineralization (Simon et al., 2008; Singoyi et al., 2006;
Balan et al., 2006).

Conclusions

The study confirms that magnetite chemistry is a
reliable and sensitive indicator for reconstructing
physicochemical conditions in porphyry-style systems.
The findings enhance our understanding of magmatic—
hydrothermal  processes and demonstrate  the
applicability of magnetite geochemistry in targeted
exploration of concealed or deep-seated porphyry
deposits (Sinclair, 2007; Cooke et al., 2014).

References

Balan, E., De Villiers, J.P.R., Eeckhout, S.G., Glatzel, P.,
Toplis, M.J., Fritsch, E., Allard, T., Galoisy, L., Calas, G.,
2006. The oxidation state of vanadium in titanomagnetite
from layered basic intrusions. American Mineralogist 91,
953-956.

Cooke, D.R., Baker, M., Hollings, P., Sweet, G., Chang, Z.,
Danyushevsky, L., Gilbert, S., Zhou, T., White, N.C,,
Gemmell, J.B., Inglis, S., 2014. New Advances in
Detecting the Distal Geochemical Footprints of Porphyry
Systems—Epidote Mineral Chemistry as a Tool for
Vectoring and Fertility Assessments. In: Kelley, K.D.,
Golden, H.C. (Eds.), Building Exploration Capability for
the 21st Century. Society of Economic Geologists.

Dupuis, C., Beaudoin, G., 2011. Discriminant diagrams for
iron oxide trace element fingerprinting of mineral deposit
types. Mineralium Deposita 46, 319-335.

Grigsby, J.D., 1990. Detrital magnetite as a provenance
indicator. Journal of Sedimentary Research 60, 940-951.

Meinert, L.D., Dipple, G.M., Nicolescu, S., 2005. World Skarn
Deposits. In: Hedenquist, J.W., Thompson, J.F.H.,


http://dx.doi.org/10.22034/KJES.2025.11.1.104462
https://gnf.khu.ac.ir/article-1-2939-en.html

[ Downloaded from gnf.khu.ac.ir on 2025-10-22 ]

[ DOI: 10.22034/KJES.2025.11.1.104462 ]

Saki et al

Formation of magnetite as a key indicator for understanding the ...

Goldfarb, R.J., Richards, J.P. (Eds.), One Hundredth
Anniversary Volume. Society of Economic Geologists.
Nadoll, P., Angerer, T., Mauk, J.L., French, D., Walshe, J.,
2014. The chemistry of hydrothermal magnetite: A review.

Ore Geology Reviews 61, 1-32.

Nadoll, P., Mauk, J.L., Leveille, R.A., Koenig, A.E., 2015.
Geochemistry of magnetite from porphyry Cu and skarn
deposits in the southwestern United States. Mineralium
Deposita 50, 493-515.

Sillitoe, R., 2010. Porphyry Copper Systems. Economic
Geology 105, 3-41.

Simon, A.C., Candela, P.A., Piccoli, P.M., Mengason, M.,
Englander, L., 2008. The effect of crystal-melt partitioning
on the budgets of Cu, Au, and Ag. American Mineralogist
93, 1437-1448.

Sinclair, W., 2007. Porphyry deposits. In: Goodfellow, W.D.
(Ed.), Mineral Deposits of Canada: A Synthesis of Major
Deposit Types, District Metallogeny, the Evolution of
Geological Provinces, and Exploration Methods.
Geological Association of Canada, Mineral Deposits
Division, Special Publication 5, 223-243.

Singoyi, B., Danyushevsky, L., Davidson, G., Large, R., Zaw,
K., 2006. Determination of trace elements in magnetites
from hydrothermal deposits using the LA-ICP-MS
technique. Abstracts of Oral and Poster Presentations from
the SEG 2006 Conference, 367—368.

Tian, J., Zhang, Y., Gong, L., Francisco, D.G., Emil Berador,
A., 2021. Genesis, geochemical evolution and metallogenic

CRediT authorship contribution statement

c 2

g Writing - Review & Editing

Adel Saki

19
Peyman Eskandarnia Formal analysis, Investigation

: Writing - Review & Editing
Alireza Zarasvandi

@ Software

Naval Malohi

b "4

implications of magnetite: Perspective from the giant
Cretaceous Atlas porphyry Cu-Au deposit (Cebu,
Philippines). Ore Geology Reviews 133, 104084.

Wang, M., Gutzmer, J., Michalak, P.P., Guo, X., Xiao, F.,
Wang, W., Liu, K., 2014. PGE geochemistry of the
Fengshan porphyry—skarn Cu-Mo deposit, Hubei
Province, Eastern China. Ore Geology Reviews 56, 1-12.

Wen, G., Li, J.-W., Hofstra, A., Koenig, A., Lowers, H.,
Adams, D., 2017. Hydrothermal reequilibration of igneous
magnetite in altered granitic plutons and its implications for
magnetite classification schemes: Insights from the
Handan-Xingtai iron district, North China Craton.
Geochimica et Cosmochimica Acta, 213.

Wu, C., Chen, H., Hong, W., Li, D., Liang, P., Fang, J., Zhang,
L., Lai, C., 2019. Magnetite chemistry and implications for
the magmatic-hydrothermal ore-forming process: An
example from the Devonian Yuleken porphyry Cu system,
NW China. Chemical Geology 522, 1-15.

Zarasvandi, A., Rezaei, M., Raith, J.G., Taheri, M., Asadi, S.,
Heidari, M., 2023. Magnetite chemistry of the Sarkuh
Porphyry Cu deposit, Urumieh—Dokhtar Magmatic Arc
(UDMA), Iran: A record of deviation from the path sulfide
mineralization in the porphyry copper systems. Journal of
Geochemical Exploration 249, 107213.


http://dx.doi.org/10.22034/KJES.2025.11.1.104462
https://gnf.khu.ac.ir/article-1-2939-en.html

[ Downloaded from gnf.khu.ac.ir on 2025-10-22 ]

[ DOI: 10.22034/KJES.2025.11.1.104462 ]

YA SISNA S s LLs YOYA FFAX ol LLs

VE B YT amio VFF liaslip ks o) o)led V) als

Cojigs Y

g R dlie
ST (7] (o yiuwd

e’ 03197 o) pols alxo

Journal homepage https://gnf.khu.ac.ir

adbio ¢6 89 dgo = o Ll LSS o Lo oS 3d byl S Ul (oS CoiRo sl

S 9uae 539 sl (Flalllao

Fsmoko Jlg Fgiguolyy Lo e L jussaw! oylowy M Sl Jole
Ol Gleal Glaal ez agl oSl (yn pole 0uSiils o pwlidpre) 09,5 . W

Oyl ol{\ e ool ) ol&ails by pgle sasSlisls cslidopne) 09,5 .Y

ouuS> Ao Sl

&l JlayS SS9 (laSlo i oS 039070 ;0 9 153 - deng)l (2leSlo (oS (952 A 50 Sgdes g - e (5 HLuS

095 O JEH G5 9 Sy Sl So slayg) 0 (28 la S Sl (S plprer SutiSe 0058 jghx dlanlyey LS cnl el oud
205 @l Lulpd (o) jslateds (gl ool o sl 005 pal 3 oloondisl ladelod sl conlio (6 o Siled 5 Sl
cbale b ailie slacatSe a5 ols ol 5 paie 456 bt .wad 5T EPMA olfins g oot Sl sladiges dacaife JoSis
OS] aLlS g g ol 8 il ampa Yoo B Yo Slos Laulys jo g axsls oleS Lo Buae MN 5 Al (ool bs e s V5 Ti 6L
b3 s <l CF g NTCO polis o3 polie (FaiSTy 5 TV o 0550 o SIS ol atloond oo 5 s 5 S ol b
dastin odgde ;o dalllas 550 oo iXe a5 o5 ol g alizee slaloges oo aws lis ]y ol S g oSl slewinXs ole
Sled Losm g oSSl oy Sl L olren CoiiSe (SuiSly o (SSe 5 waled Gulaly 5)ls 15 (650850 sla Ll
slanlp Gilodss 5 alolid ;5 e Il Dlsieas Wlgi oo Coiife sord 4T wpo oo Glid (iaghy (al 0yl aleerd s b S

b das by plety S 50 BLsST g5 slo iy anugi LiSal, 505, )15 4 (65085 Slapianw 10 I3l

Alio dzses ,b
VECFYNVF il
VECF/ B i

oS’ slrojly
- 4yl oSl oleS

St im0
cufe EPMA

Jrows Blass| s il G a | oy T a8 aitas 00 28 e S
Olaazes 5l (6 ke 059wl a5 sl Liigy ST cowd Olallas 0iS o
2l s pledsond s gadlas jshie 4 ol o)
Davodi et al., ) aule oo eolarwl ;] 51 coliss oy Slalllas
2025; Arabzadeh et al.,, 2023; Saki et al., 2020;
50 d9>ge cilise slo SIS i (Eskandarnia et al., 2020

(Sillitoe, 2010) sas 4l Lo £ e ol 5 LSt Lo

Sheigd Bl a8 as)S ey Sbj ez 5 05 ke b gl
o o Sy pld cpl e S oleSle Lo b cdlew
P30S e et Sare o, LuilS glail Lo 5l ooy 4S5 ,ls
23 Ygame a5 w4l Sl ope wlio Sl adse - s (5500552
ol dighie JSa5 Jloggne - ol glaanld L bLs)|

Ja.s‘).wjo..\.m @m@;d&)"‘s@lédb‘;}ﬁ‘_g‘)bﬁb}é

DOI http://doi.org/10.22034/KJES.2025.11.1.104462

adel_saki@yahoo.com L. Jole :Jghume odioms gisk

sl — e sl ludlS S5 lianisSosed danl o il el i agly OV F) Ly e mshe oy o6 ccsipmaly s i yoiSeal e e Sl 1allitn oy 4y SLcus!
http://doi.org/10.22034/KJES.2025.11.1.104462 .Y¥+ 1YY+ amio ¢} o)leds V) ale . a,ls5 cme; pole alzmo S gone (6w ysy HudlS Slilllas dilaio £ b0

[onoel


file:///C:/Users/khu-user/Downloads/Saki%20et%20al.,%202025\(1\)%20final_final.docx
file:///C:/Users/khu-user/Downloads/Saki%20et%20al.,%202025\(1\)%20final_final.docx
file:///C:/Users/khu-user/Downloads/Saki%20et%20al.,%202025\(1\)%20final_final.docx
file:///C:/Users/khu-user/Downloads/Saki%20et%20al.,%202025\(1\)%20final_final.docx
file:///C:/Users/khu-user/Downloads/Saki%20et%20al.,%202025\(1\)%20final_final.docx
file:///C:/Users/khu-user/Downloads/Saki%20et%20al.,%202025\(1\)%20final_final.docx
http://dx.doi.org/10.22034/KJES.2025.11.1.104462
https://gnf.khu.ac.ir/article-1-2939-en.html

[ Downloaded from gnf.khu.ac.ir on 2025-10-22 ]

[ DOI: 10.22034/KJES.2025.11.1.104462 ]

ohlen 5 (Slu

okt 4 CuiiFe o ol polie clale g 2T, o Ol s aslllas
Grigsby, 1990; ) 5405 oolaiwl calisee 38 slo,Lusls Class]
@ Cutio 5l 6 w5 e adl (Yang, 2009; Nadoll et al., 2014
U8 sloanl b a8 el ppe nl w2l lilass] jslace
Dare, ) was aslbis o9 4 S5 cpl jo 0l jolie clale suss
oS (sond 3l 8 oS Clbls az g5 090 (nl 4y il 4l 42014
L Dloul slacdl a5 ab relas 5 abul 8l Sldllas sl
by oS gard oSl 413 glas s aelr Jobee
Cod oyl Sy Sy Sy fO2 il alisee (sla, S
(Mollo et al., 2013) sgi co JyuS Jhow <S55 g Sldel,ob

o 5 sl 58l 5 led Lo e 5l e el el 2 00958
35,0 oyl ‘;LA}‘»—I Sy Sladlas jo Jlio leie 4 (Pisiak, 2014)
sla gl cuix (GI (oot Sl oolital b zoiS §p cgix o

AwlFgd 5 ud Sy oled edgae CuiSegilis

Corlalil
(Karimi Shahraki et al., 2019) ¢l oo 003 yadS oy iumS]
Labls olaxds; Olllas Coz> owln sbo)lpl b asls oyl
Gl Giliie glalame o Luld 0 ead LS5 slaluls
oo adlllas iges sl (Whalen and Chappel, 1988)
St Il Wl go (o) g 23T Blises sladagms jo i
Ghlie 5 alatil ks Joudly b (oly 3l Sz celio
4 <wiSe (Dupuis and Beaudoin, 2011) ol 1als .8
D oe JSiT (G1aT) oy 4 e S8l s 85 sl LS
S dgere Soge 4 i Slaptw )3 CuiiSe sl slaaS
—EiSe Jold oazmn laaS) U outiSe Jult adsl laaS
Sillitoe, ) wigh co osalive Sgamh 35,185 -Cu o SIS0y 1
OLadl ojgo ar Sly (Glu S 5o Ko nl 2 0054 (2010
Slgl,8 (Meinert, 2005) g5 oo JoSi 55 050l 5 8 SYlw
a5 00l o S dym o)Ll jo CotiSe gy Vel e

YYY

et g8, (Sinclair, 2007) M Sldllas olul
&8 5 o, Mo mge mlio 5l g 009 L5 )0 (dge 5 e @
©20Yh M K (e, diile S50 Loy ol e a5 ol o
5 Sloygnd sl Slu 5o 3l slos s b 00 )5 o 2l 55
3,90 (SBLEST gl )5 jolaie 4y 4 oul Crge (58,0 (sladliyg
(Cooke et al., 2014; Shen et al., 2014) & .5 1,8 ob; a>o
s by Y 0 aS cul sol ol sl (S S
byl goaumolbsl wilg o S ol 0gd oo 8l ol )3
o ohody Bb Same slaanTB p (Sl alendsSosd
byl b gileans ©lp e g)lpl Glesa Wlg o cuiiSoe
355 3158 oolaiul 8,50 «IYlew oS 5 g lad oo Jels glo S
Fw ¢ (V) pgobly ((Ti) psilis asile Sy yolie oYL polie
Alisee pl3d S8 4 wilgi o CuiiKe 0 (CF) 5,5 5(MN)
e gom SbLeasT gy sl blis saris s 5 anS oS
S Lyls cov cwXe  (Zarasvandi et al., 2023) acsb
St gs D3l g Sl DLeS 5 0 YL 0yl 5o 55l 5l egite
Wlg oo CotiXe b oo ot ol Oyl ol )T YL b
Casbl Sla SIS L85 e 5555 5 Caslyil b 25T 1
- oo S SIS 55 b CotiFe s ey Sl T8 Jols ol 45 55
role I oYL b 6,5 s o (Tale Fazel, 2023) asb
S CoiiSe S paie oS 5l lei oo (i jo Gl g 28
oy CowiiSe JSis gloy osb jo @l Ll yd pla g SIS
- Sl T g (Sl il Lyl o SISl iz 2,5
S iagi alml sl amsbio Sl 1 ol polie oloawds sl
1y S (s pare- (Bl o a5l Gl oo salal) (ul )3 00l
lg .(Wen, 2017) 0)5 oolarw] Caniiids 9 J)L?u‘ C;Lm.ubs 2y
clale b yobe dalisee cib s jo aBislesl LUy il58l
Lyls e gl SB pl sends 5l oolainl wwnXe o Sl

S olsise sr0m) 5 el @il (Rl Jle g j0ie- pleSle Blisee


file:///C:/Users/khu-user/Downloads/Saki%20et%20al.,%202025\(1\)%20final_final.docx
file:///C:/Users/khu-user/Downloads/Saki%20et%20al.,%202025\(1\)%20final%20-.docx
file:///C:/Users/khu-user/Downloads/Saki%20et%20al.,%202025\(1\)%20final%20-.docx
file:///C:/Users/khu-user/Downloads/Saki%20et%20al.,%202025\(1\)%20final%20-.docx
file:///C:/Users/khu-user/Downloads/Saki%20et%20al.,%202025\(1\)%20final%20-.docx
file:///C:/Users/khu-user/Downloads/Saki%20et%20al.,%202025\(1\)%20final%20-.docx
file:///C:/Users/khu-user/Downloads/Saki%20et%20al.,%202025\(1\)%20final%20-.docx
file:///C:/Users/khu-user/Downloads/Saki%20et%20al.,%202025\(1\)%20final%20-.docx
file:///C:/Users/khu-user/Downloads/Saki%20et%20al.,%202025\(1\)%20final%20-.docx
file:///C:/Users/khu-user/Downloads/Saki%20et%20al.,%202025\(1\)%20final_final.docx
file:///C:/Users/khu-user/Downloads/Saki%20et%20al.,%202025\(1\)%20final%20-.docx
file:///C:/Users/khu-user/Downloads/Saki%20et%20al.,%202025\(1\)%20final%20-.docx
file:///C:/Users/khu-user/Downloads/Saki%20et%20al.,%202025\(1\)%20final%20-.docx
file:///C:/Users/khu-user/Downloads/Saki%20et%20al.,%202025\(1\)%20final%20-.docx
http://dx.doi.org/10.22034/KJES.2025.11.1.104462
https://gnf.khu.ac.ir/article-1-2939-en.html

[ Downloaded from gnf.khu.ac.ir on 2025-10-22 ]

[ DOI: 10.22034/KJES.2025.11.1.104462 ]

ohlen 5 (Slu

58 sl 63156 gl o b (29,5 5 60985 02,8 (slaS
Berberian ) osils co (gl 1) g5 02! pesileSle Sols a5 >
G,y b el ool (@nd Berberian, 1981; Alavi, 2004
10 Toga) (gowsnd JIg5 (19,0 4 rwsas b gl (63585 sloosgs
a8ly aolol St 3ilsg 5 SeawdlS'g g Slge daojlas’ 51 (eglss
] slaclad Al o cpl S5l 10 a5 ams o ylis Sladllas ol
Agard et al., 2011; Ghorbani and ) wlaxsls STl cuale
50 STl edlad gl w90 o S ek 4 (Bezenjani, 2011
Jahangiri, ) saig,g,8 cwgildl 48,5 gd (1 el 0ol &3l g5 oyl
Shafiei etal., ) oo puses Sl atwg idu s (¥ 4 (2007
Sleogas » Jgl 4,k a5 «2009; Asadi et al., 2014
a5 Olnl o Jlad 5o 0,55 5l ey SlaassT lerdsss
3985 loosg oleerds) 5 (Seeludgly slo Shy » es
aihie) 3o - eyl 350 st )0 63,55 Gble Gxdin
Sen g jo,bu, a5 Glaallhs elaly el gl (Gl
* e Gpdy slbatiy g, » (Richards et al., 2012)
2 e b e SLS lime s 4w 53 Mo Eouse
Wy 425 (ol 4 eailosls plonl GBS )8 g (lnl 350 9 55
a5 USs pas wloads plendsdy 9 Sloy oSS o aleSle as
s iy el 1l sloledle 4y SlaassT LS sblsl
5 lorts’s ol USS 4 JolSS l g wilazsly, oSS (2855
Glapiars b b o3 sloesy ol oog ad il
Shafiei ) w)ls ugee (o Ygona 7255 dag)l (395 58 s )0
3 530 dagyl (595 )0 (6390 s (2 ot (BT AL, 2009
mosls &) leyS Sgiie (pleSle GleS (g (95 il (9
s ¥Ou (o, Job & laihaie (Lo S Sdgjgim (leSle (leS
~pies 9 53] £53 (st gla Shig b yeghS £ LAY oe
Wl (5S35 0 olpl Ssh ogz 0 2lke S Sl sl
-eudles o (Dewey et al., 1973; Shafiei et al., 2009) c..l

YYO

oy Coedl jleoleeS polie (251 ohg 4 G (nl (ot (o2
Nadoll etal., ) aib 53,55 » 58,3 slo,lsls aslllas 5l
Simon) ,.ls Bocws s 5 golows (2015; Nadoll et al., 2014
Cr, Ju3 5l akse yolie (etal., 2008; Singoyi et al., 2006
elgil o35 & e X 1o |, REES 4 Cu, As, Mo, Ag, Au, Pb
~allS 53 IS ol (ot £33 0ais oLt oS Wles S I3 oS
Cble oS CiF Glgi o gyoge (nl a4 azg b el s gl
55 o2oUly 5 poyS cpginagll o uuilid (ol iSee olie
SV by slacdale a5 laigS a4 canl Sglite cotiSe oS 3
Al a5 o o wgd o <l ohals 5l i g oleSle Jolye 4o
Ajsr Ole oYL 4 gl 5 Gl Jole o Sig
Jol> s 5l ool b aslllas ) ,o (Zarasvandi et al., 2023)
515 oolansSo b bl coiiSe IS (65,  EPMA JGT 5

D55 8 e 90 Seee b )ym Hge - e s

5l g Senload @ly ()l @02 )3 o 515 @lpeS —5l8 a8

a0y ol - 00,55 (e ahpeS el (55lge (saigy
a5 520 = deg )l @leSle oS g Gl s - g (S95 50
(Alavi, 2004; Mohajjel et al., 2003) (\a JS&) col oo
5 g8l oSS il o8 515 o5 (St anmss
(V13905 45 3 255 4 |y JolSS ) g5 oo 45 el 00y plnl
SIS Olnl 0B 03 n e pwgildl aingy g8
gy 3 (Slebad (Sl (F Gy aslyS —0anj anli )
- 2l Bl adyg Jld it sandle isu () p e wgild]
- gs’Lm)sj lo)B8 sadl> gl pl 648,55 (lee 055 5 (Vo2
Ghasemi ) s ;25 (b ;3 (g Goglidl o & 0T (0 53 5
S0 —dmg )l ol 0 .S (@nd Talbot, 2006; Alavi, 2007
ol 0ol 00,iS Bdogir 4 oy Jlod Sl el S Yoo Jobo b

Slas, o STy SliesS 5l ide cpl saatie Sy (VD JS5)


http://dx.doi.org/10.22034/KJES.2025.11.1.104462
https://gnf.khu.ac.ir/article-1-2939-en.html

[ Downloaded from gnf.khu.ac.ir on 2025-10-22 ]

[ DOI: 10.22034/KJES.2025.11.1.104462 ]

ohlen 5 (Slu

-0 oleyS (Sdgisie leS 25 50 Llysl g (e - (2l 5 48
- e =l L e e 3485 0045 (Asadi et al., 2014) asb
Aoy 058 Jlods (6 50glSVYO j0 Sgie (6508,5- (odge
L .bj.»]n 6ng.§.._w (\ gji..u) Sl 00 éﬁ‘j &b jér*’ JLO.MJ 39
Rl o —aeg)l oleSle (S 0 Sl ogm; - gs’L‘**“*“"‘ Sl
ailhie ol o (Hassanzadeh, 1993) oS o Sljee |, atigs
- Jles wig, b SGls (g0l olaws galws 45 (S99 35,155 S gl
Coys0 3,lsS slacSgiwl (0 -V &) Conl oals alad 5,5 Jlods
a5 039y Ll ol 4o ml5anlS Jele sad ol S Tagas as
‘)Wg—-‘))b )913 C&fb)o LSL—‘“@L{ d—o,0 O Lo ¥ &59"—"
-GS ey aie j0 AS el Cgu g ol 90 35 le S
o (Asadi et al., 2014) ool 455 |18 ool g el
j% J)'b T gy @w ol dbulj 5 659—‘.’3 0393 6,_.S:/L>
plol Re-08 g, 4 coda—dse (59) 0 &5 (2w o L
< ,‘ Jl 5 C)A

o VYRV sgu > ais§

(Taghipour, 2007)

YY#

ole,S sadlie (Hassanzadeh, 1993) ailosls (o,155 s guegS!
Ol B) deiiz po (608590 oudge = o HLlS gatins (L
s 1Y Gasdge Jle PO s Jle (5 3Lk VIV (g0 23S
Parandoush et ) ol o o +/+# Wb JLe 56l o 2 VITVY o)
Srdim Ohdse - e SHn i wizes o @l 2019
1IN e s (5 el WV G003 (liee L) Seone
e sleatigs op 35,5 sl e (Taghipour et al., 2007)
-yl b (St 5l e S gadlate ;3 ond £l (65
SIY o 5 el = g 25— Lasls] s b 2355 sl
0 5il,S 4y g 00gr ol ped (STl as Ly 5SToT (sla s ad,99) Y
Mclnnes et al., 2003) wil oo Bgyme zo o5 i slo
-aigs (Shafiei et al., 2009; Mohammaddoost et al., 2017
Slyzeen Wlosa - Il Lo 0555 b 0oy saihaie ) 39250 sl
L oszs sl ooelS walsd o Yo & ol oo b T alwss 4 5 0l
ey 188l Caws (Lo )8 (Sdgjgims OloS 50 e (2jA 0929 pue
oSl = gl 8 ammb JISIT SIS paansleSTle Jlisl a5™ JSCs
b Lalsl yo uSTol acs JISIT SIS resloSle @ (5,0 b £99)

Olee )97 2 975 (Soand (LS (ghyosS £93) (rmgelim(rmgan 121yl


http://dx.doi.org/10.22034/KJES.2025.11.1.104462
https://gnf.khu.ac.ir/article-1-2939-en.html

[ Downloaded from gnf.khu.ac.ir on 2025-10-22 ]

[ DOI: 10.22034/KJES.2025.11.1.104462 ]

ohlen 5 Slo

36
34
32
30
28
26

U100 200 Km

R

Urumich-Dokhtar Magmatic Arc
W Sanandaj-sirjan zone
Ophiolite rocks
- 4 Thrust fault
~— Anticlinc

46 48 50

gy Late mineral
MBI quartz dioprite dykes

X X X

Fig. 1. a) Structural zone map of Iran (Ghasemi and Talbot, 2006); b) Geological position of the Meiduk porphyry intrusion (Mclnnes

et al., 2003).
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Table 1. EMPA results (wt. %) of magnetite analysis from the potassic alteration zone of Meiduk deposit

Elemants | TiO, V,0; | AlLO; Cr,03 FeO MnO MgO NiO CuO ZnO Cae0O Total
oxides
Sample No
1 1.76 0.42 0.14 0.11 96.36 0.09 0.04 0.00 0.00 0.00 0.00 98.91
2 311 0.35 0.05 0.09 96.11 0.05 0.01 0.00 0.00 0.00 0.00 99.76
3 0.24 0.32 0.25 0.13 96.60 0.06 0.03 0.00 0.00 0.01 0.00 97.63
4 2.86 0.31 1.59 0.11 88.48 0.05 0.51 0.00 0.00 0.02 0.00 93.92
5 1.49 0.37 0.18 0.13 94.66 0.04 0.03 0.00 0.06 0.09 0.00 97.04
6 0.09 0.29 0.14 0.05 96.83 0.02 0.00 0.00 0.04 0.07 0.00 97.53
7 0.22 0.33 0.14 0.09 97.33 0.03 0.00 0.00 0.00 0.00 0.00 98.13
8 0.14 0.35 0.16 0.09 96.98 0.02 0.03 0.01 0.08 0.00 0.00 97.87
9 5.82 0.24 2.47 0.23 76.72 0.00 0.05 0.05 0.00 0.02 0.00 85.59
10 1.78 0.31 0.52 0.26 92.61 0.04 0.06 0.00 0.00 0.00 0.00 95.58
11 0.02 0.30 0.36 0.47 96.31 0.06 0.06 0.00 0.01 0.00 0.00 97.59
12 0.16 0.35 0.72 0.00 96.69 0.09 0.06 0.00 0.00 0.00 0.00 98.07
13 0.10 0.24 0.40 0.20 97.08 0.08 0.11 0.00 0.00 0.00 0.00 98.22
14 0.07 0.36 0.27 0.05 97.45 0.01 0.02 0.00 0.01 0.00 0.00 98.24
15 0.17 0.31 0.80 0.12 94.38 0.12 0.25 0.00 0.07 0.04 0.00 96.25
16 0.11 0.28 0.25 0.14 95.85 0.00 0.16 0.00 0.00 0.03 0.00 96.81
17 0.06 0.29 0.23 0.09 97.05 0.09 0.03 0.00 0.00 0.02 0.00 97.86
18 0.12 0.24 0.96 0.23 93.47 0.04 0.71 0.00 0.00 0.00 0.00 95.76
19 0.12 0.30 0.40 0.21 95.61 0.00 0.11 0.00 0.00 0.05 0.00 96.79
20 0.07 0.31 0.34 0.19 96.48 0.07 0.03 0.00 0.00 0.00 0.00 97.49
21 12.02 0.46 0.14 0.33 84.54 242 0.02 0.00 0.00 0.00 0.00 99.93
22 19.94 0.56 0.29 0.29 76.82 1.66 0.05 0.00 0.00 0.00 0.00 99.61
23 0.22 0.34 0.22 0.18 96.28 0.06 0.03 0.00 0.00 0.00 0.00 97.31
24 0.16 0.35 0.34 0.04 98.40 0.08 0.00 0.00 0.05 0.00 0.00 99.41
25 0.18 0.38 0.35 0.37 95.64 0.05 0.09 0.00 0.00 0.05 0.03 97.14
26 0.45 0.28 0.26 0.10 95.62 0.06 0.02 0.00 0.00 0.00 0.00 96.79
27 8.34 0.39 0.52 0.33 89.54 0.50 0.17 0.00 0.00 0.07 0.00 99.84
28 0.14 0.31 0.33 0.23 97.05 0.00 0.04 0.00 0.12 0.06 0.00 98.29
29 0.09 0.26 1.07 0.06 93.94 0.07 0.29 0.00 0.02 0.03 0.02 95.83
30 121 0.29 0.64 0.34 93.57 0.03 0.05 0.00 0.00 0.00 0.00 96.12
31 0.06 0.30 0.25 0.36 96.48 0.03 0.02 0.00 0.00 0.00 0.00 97.49
32 0.07 0.28 0.23 0.40 97.63 0.07 0.00 0.00 0.00 0.00 0.00 98.68
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Fig. 2. Microscopic images of silicate minerals in Meiduk granites: a—b) Quartz with plumose texture, orthoclase altered to sericite,
biotite replaced by chlorite, accessory sphene and pyrite, and euhedral magnetite crystals indicating potassic alteration (a: XPL, b:
PPL); c—d) Quartz with plumose texture altered biotite to chlorite, subhedral magnetite, intense sericitization of K-feldspar (c: XPL,
d: PPL); e-f) Aphanitic quartz, scarce biotite, orthoclase altered to sericite, high-relief sphene (e: XPL, f: PPL); g-h) Altered
amphiboles in granite (g: XPL, h: PPL); 1-J) Secondary biotite at chlorite margins due to granite alteration (i: XPL, j: PPL); k-I)
Phyllic alteration with formation of muscovite and chlorite (k: XPL, I: PPL); m) Zoned plagioclase and sericitized orthoclase
indicating phyllic zone (XPL); n—0) Euhedral altered amphibole and orthoclase altered to sericite (phyllic zone) (n: XPL, o: PPL).
Abbreviations: Mag: Magnetite, Pl: Plagioclase, Or: Orthoclase, Bt: Biotite, Chl: Chlorite, Ser: Sericite, Spn: Sphene, Amp:
Amphibole, Qz: Quartz, Kfs: K-feldspar, Ms: Muscovite (Whitney and Evans, 2010)
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Fig. 3. Microscopic images of silicate minerals in Meiduk granodiorites: potassic zone; Sericitized orthoclase, dispersed secondary
biotite and magnetite, magnetite veinlets (Figure ab), and biotite replaced by plagioclase. a) PPL, b) XPL, c¢) PPL, d)
XPL.Abbreviations: Mag: Magnetite, PI: Plagioclase, Or: Orthoclase, Bt: Biotite, Chl: Chlorite, Ser: Sericite (Whitney and Evans,
2010)
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Fig. 4. Microscopic Reflection pictures of ore minerals in the Meiduk deposit: a) Dispersed subhedral second-generation magnetite;b)

Intergrowth of pyrite and secondary magnetite; ¢) Anhedral chalcopyrite and second-generation magnetite;d) Intergrowth of
magnetite and chalcopyrite; e) Subhedral second-generation magnetite and anhedral chalcopyrite;f—g) Anhedral
chalcopyrite.Abbreviations: Ccp: Chalcopyrite, Mag: Magnetite (Whitney and Evans, 2010)
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