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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).
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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)

YYY


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

[ Downloaded from gnf.khu.ac.ir on 2025-11-23 ]

[ DOI: 10.22034/KJES.2025.11.1.104462 ]

ohlen 5 Slo

Fe= 73 Al= 2356 ( wt%) .Ti= 0.93 (ppm) (ppm)
Lls bl 4 aolly sl Co= 0.006 (ppm)(wt%)
seax Vo' g VA V3 oo 0 a0 095 (Sealisge s
Cuife Jsle yo )b FE L as Sg glas Lo s a4 wo)ls
clle (Balan et al., 2006) ool o555 (5 i Slglys
o=l b o Jg gl co J S Yb sloo jo oo bawgy oK
JrsS 1y cuiife jo meolly WS 5 feaumn bls o /O
3o oads Ul sladigad (@ - O JSKi) Sgdue slocanXe oS 5 0
oo o w)f )|)§ b_gl.n)f - ‘_;)‘LJLG sawns IRTRE N
slecanSe saee (-0 JS5) VITI Llis [0 ool Jloges ulal
S0dgame [0 diged 90 Ll g aid T 118 Lo )5 ooguse ;o aslllas 090
Sl slacaiiSe sosgume (0 diges K g a8l daze Jolss (s
2 oS V¥l o Bl mE esims olid pl a5 ol I8

el adllas 0,50 Ko (65 S

10
L~ - N
- - S
— ?’ ~““. \\— p‘l\lugnnn
12 ; .“ A\ magnetite
\'z_} 5] - -a-J
10' N} /
5 :’ L 7
o __// H == P
it e
g o
S I e
- i ;
10 Hydrothermal
magnetite
. Hydrothermal magnetite
"""" AMugululic magnetite|
10°
1 10 100 1000 10000 100000
Ti (ppm)

- u“. S 6 . “

S bl coxd a5 09, 0 Jled 4 ol SIS alex 5l coiSe

Gashlgas G138 5 ISl SLS 5 0 YL &l o 55l Sl egiie
o=l ol g, oYl b
4 (Canil et al., 2016; Zhao et al., 2018; Wen et al., 2017
Ol o oeiiSe o 50l g (2B polie 5l VL Al (6l Jo

o3k 53 Al Lyl 51 5 SSE gz i 5 pte oo

) b Setin

O ¥ J FURESVCL K YOI A KU Ny
oo S ! pglie gl sla Slo 5o o SlSo Cilisea
33,5 o0 wgee olierlish 5 (omlid S slatagh el
Al, Ti, Mg, Mn, Zn, Cr, .l s,ole (Wen etal., 2017)
|, catife 2LlS Ll o Sege pate o e CO 5V, Ni
Carew, 2006; Rusk, 2009; Dupuis and ) wss o Jolis
@ adllas 5,90 slaaiges ;o (Beaudoin, 2011; Nadoll, 2015
Cr= 0.045 V= 0.22 (ppm) Ni= 0 (ppm) e <y
Mg=0.04 Mn=1212.65 (wt%) .Zn=0.004 (ppm) (ppm)

1004 b . Hydrothermal magnetite
A.\'I:lgmulic magnetite
10+ Reequilibrated :
—_ magnetite ,'v
X -~ dall
§ I  eeeeessaggs ’o"
Ses . m
= o A
t ¢'\(\' A. . A
> 0.1 '¢' %
- L d b ~ “
Magmatic _,+* AL Ilydrolhujnal
> . ' magnetite
, magnetite 5
0.014 \
0.001 y — :
55 60 65 70 75
Fe (Wt%)

Jlsses (B «(Nadoll et al., 2015) cwl sus solatul Sgane Lils ;o sbo)S 5 sldle slocetSe ples jolaie 4 a5V Lilis ;o Ti loges @ -0 S
Wenetal., 2017) ol 3 5 auil sae Joles o oleSle glacoufe SSa5 jslate 4 VITI Jilas o Fe

Fig. 5. a) Ti vs. V diagram distinct magmatic and hydrothermal magnetites from the Meiduk deposit (Nadoll et al., 2015); b) Fe vs.
V/Ti diagram used to classify magmatic, re-equilibrated, and hydrothermal magnetites (Wen et al., 2017)

Y'Y


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-fa.html

[ Downloaded from gnf.khu.ac.ir on 2025-11-23 ]

[ DOI: 10.22034/KJES.2025.11.1.104462 ]

ohlen 5 Slo

sonlie Vb slos b slaleSlo 5 Sdlo (3,31 slaSins 13 Yoo a5
@ bloges cpl (ol p oodle (Wen et al, 2017) wgs o
S Sl i 9 S S5 llpd gileand
28 Ooedas g e il S bl ;0 ohiga S oo SWS
(Yang and Cooke, 2019) siwa @, Gyud)e Sbopimms
sloan Ty o baly) i wod 4 Wl oo 50905 cnl Jelows miznan
Jses p ol b 5 680 Slapis oS85 5 panileSle
3 Sl 3 s cutife bl ol o S S8 556 slaasls
S s e e oy b TiHV 5 YL Al+MN
ool b AIEMN e o YL TIHV glgios s b 90 sl ,Lusls
Jlis ;s AHEMN Jlsgs g9, p diges .5 ,1,5 (Nadoll, 2015)
-digas aled a5 amo o oLis (D g -7 JSz) (Wen, 2017) Ti+V

)‘J‘S LS)“S)}-‘ M )0 )lé}o.} 50 BL )Q aJlas ‘>)9‘° “ g’ Q_SLQ

=

ol
100000
L]
[a] . [b] P
Skarn .
1 A B = .’ &

‘) L " i 4
gf = 10000 4 L ’,/
= e o’ Pid
~ :’T o’ 22
= & o ¢ ’
= [] s & R *
‘ Fe-Ti,V = " & .’
+ 0.1 L St o Lo
= 1000 A S e? : .
= = Dt

* Py

< 2N n

A o

‘5\~ '4'0(30 e I.
0.01 . ; 100

0.1 1 10
Ti+V (Wt%)

Sgdno (53891 S Ho Cuio il

CapdiSo ooy 31 o0l b B3 (il SIS

Jlie o AHEMN olie a5 £ S5 [0 39290 slologes
o dOCG slo)ldls SS&5 gly olyi oo il o TiHV
5,5 ool V. gla ulials 5 Fe-Ti o 5l sl 05 s pdyss
o bl a5 layloges ol (Nadoll, 2015; Wen, 2017)
sloanlp Jloo lp aied)l 6)lnl wlbas (b oy
o el 58 shals abls Gble o pbSle 5 aberdsss
oS 5 ile me (leondisl S SRy (St Sl oRad yloge
S50 slean b g sl glaanl b o jlad 5 Les bl LS
2 oisas ¢V g Ti polie cas )0 Ol s ol apde g5le SIS 5

Jw)l.’ ).cL».c LJ"‘ )‘ G».c ‘_gl.bl.nfl.n o.\.&:»)uLm.: ..\.:‘}ssn s‘_g).d)y )Jl>¢

1000 10000

Ti+V (ppm)

100000

Sladiges 5,518 cunsy (b (Nadoll et al., 2015) Ti+V 1, 0 Al + MN logel (59, » Sgaue [Luils o slodised Cunbge @ -5 IS0

(Nadoll etal., 2014) Ti + V ,l, 0 Al + Mn Sgun Luils cofe SIS ol

Fig. 6. a) Al+Mn vs. Ti+V diagram showing the classification of Meiduk magnetite samples (Nadoll et al., 2015); b) Al+Mn vs.

Ti+V plot indicating the geochemical affinity of magnetites with porphyry systems (Nadoll et al., 2014)

Al Glapinens SESE jslaie 4y CuiiSe (ool I Olg o0 (nl e
Dupuis and Beaudoin, 2011;) sges eolixwl 1als w51 1;
S 6853 b, Lls b S sbaan] 8 4o s (Nadoll, 2014
2 Els Jole S lsrea Lo cladllas Sl (g ke )0 5 Cosl oo
Hedenquist ) cul sais az8 5 15 o la SIS slajls g oS 5 yuss
(0,5 ol az 0 Fee-Yeo) 5oul sleles o (et al., 1998

YYo

2380 (2l 650 18 bl b
Zhao ) I, 4 5l5 (Haggerty, 2019) 5,5l wldlae
wols oLz (Molloetal., 2013) ) ,Ken 4 450 4 (L al., 2018
5 OS] anlSsh i Sloatls by cuiiSe oo o

Dgdse Sy Jlow (sord g ol 0 e S )Lid los ¢ 9hl g


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

[ Downloaded from gnf.khu.ac.ir on 2025-11-23 ]

[ DOI: 10.22034/KJES.2025.11.1.104462 ]

ohlen 5 Slo

sals &1, (V JSu) (Deditius et al., 2018) o, 5 wgwinaud
o Ve =Yoo Sles oogumme ;o adllas 5,90 sladiges Coul
" Somm lbed S8l g, Sl rimren g a5 18 015 (Sl
Yoo sl o (Sillitoe, 2010) gidow gandllas a5 a>g5 b .anles
S S g Wl oo piles il aig) ol S il az 0 e e
225 Gailye lalS 5 )l etife wile ilike lo

Sldllae «Sillitoe, 2010)

Ohes 5 gl bl
wles cdl S5y oljals oFuys 5l (Zarasvandi et al., 2018)
5,555 Lo cdlanld b as s ol b adl oo ceal > lons
9% 53 pter Jalge 5l (S A 50 g 00 s iy 4 Slilges

JSis gloyS laal B )0 gl Sl 5 (S plsiea S
oo ol GluS 5 LSes YL slales [0 a8 Jb 0 040 e
SealS 4 e Conl (Sen jal () a5 06l o LIl cslen wiile
L .Sillitoe, 2010) osis sble Sy 0 Lo, b olls cdale
»odle (Tian et al., 2021) ,Kee 5 L5 Slllas & a>g
Olg on CaiXe g 1 ooliiwl b 5nST saiwlSed saule
30 ged dmwlbre i |y Coiife LS s o ples Ol s
B 5 JeSet5 4y e Lo GlS Jles gl 530 (Sl
S Lod zalS Jlie ylgie 4 w0si o V s MNALTI 5l ols
oolazul b wlul (ren 5 (Deditius et al., 2018) 55 5 154l

Log a5 confe )0 o990 TIHV ply 0 AIFMN loges

100

<200°C

P 200 - 300°C
\Q | remmrnie 300 - 500°C
% 107 e S500°C eassesens
3 —
= 14
+ o1+ o S
<«

0.01+
0.001 ; T T T

0.0001 0.001 0.01 0.1 10

Ti+V (Wt%)

(Deditius et al., 2018) Ti+V 1, ;0 AHEMN Jlosas 55, » caiiRe SIS conds 5l oolatnl b Sgae slocanRe LSis slos s -V IS
Fig. 7. Al+Mn vs. Ti+V diagram used to estimate crystallization temperature of magnetite (Deditius et al., 2018)

Gl 151 (Sl sz o loges yamis g EPMA (slaosls
5 axils oloS Lide )y 9550 (sloCiife sdas Liso oS
oy JoSas Jlogigyee colled SLL G Sl >l o
S Mg AL VT sl leS jolie Sassty,
Lo S o bap] (aly Silo zaos Sade slaceiiss

a0 YeoVeo o3l ,0) mb L‘-‘-w-’ sbo L 2bS

YY#

Sl o CuiiSe G perd p 05 b pol adlae

& S nl &S wasoe (LA Sgane Gadge - o 109
wad o )l SleS 5 oleSle slaos] sl e S0 g
2 oS alerdsSind il Ll sl 655 Il oS

ol saipbnl slo Ll 59d oo wgmims i lyals


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

[ Downloaded from gnf.khu.ac.ir on 2025-11-23 ]

[ DOI: 10.22034/KJES.2025.11.1.104462 ]

ohlen 5 (Slu

dadiges el Sl Lane awl p oopdle WITi pimen
Pl o Gl dasie L ogllhe sillay casaslis
I LS)f:é)% 6‘)‘4.35 la.o:.o ua.,.zm.: 6‘ﬁ oy ua.>Lw Mn

References

Agard, P., Omrani, J., Jolivet, L., Whitechurch, H., Vrielynck,
B., Spakman, W., MoniE, P., Meyer, B., Wortel, R., 2011.
Zagros orogeny: a subduction-dominated process.
Geological Magazine 148, 692-725.

Alavi, M., 2004. Regional Stratigraphy of the Zagros Fold-
Thrust Belt of Iran and its Proforeland Evolution. American
Journal of Science January 304.

Alavi, M., 2007. Structures of the Zagros fold-thrust belt in
Iran. American Journal of Science - American Jornal of
Scince 307, 1064-1095.

Arabzadeh Bani Asadi, M., Ghasemi, H., Angiboust, S., Rezaei
Kahkhaei, M., Lambrini, P., 2023. Chemical composition
of biatite in the Gowd-e-Howz (Siah-Kuh) granitoid stock,
Baft, Kerman: Evidence for tectonic setting and
physicochemical conditions of magma emplacement and
crystallization. Kharazmi Journal of Earth Sciences 9, 197—
224,

Asadi, S., Moore, F., Zarasvandi, A., 2014. Discriminating
productive and barren porphyry copper deposits in the
southeastern part of the central Iranian volcano-plutonic
belt, Kerman region, Iran: A review. Earth-Science
Reviews 138, 25-46.

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.

Barens, S.J., Roeder, P.L., 2001. The Range of Spinel
Compositions in Terrestrial Mafic and Ultramafic Rocks.
Journal of Petrology 42, 2279-2302.

Yyv

&3Loslsl sluaie; wlgi go a5 0)ls Slszem ol bame |
00 S yeax b oaidl ol il godlew sl S5 LSS
s Ti+HV ol 0 AHMN s loges ,o ol S 5 oleShe Lise

Berberian, F., Berberian, M., 1981. Tectono-plutonic episodes
in Iran. American Geophysical Union. Geodynamic Series
3, 5-33.

Carew, M., Mark, G., Oliver, N., Pearson, N., 2006. Trace
element geochemistry of magnetite and pyrite in Fe oxide
(+/-Cu-Au) mineralized systems: Insights into the
geochemistry of ore-forming fluid. Geochimica Et
Cosmochimica Acta - Geochimica et Cosmochimica Acta
70.

Canil, D., Grondah, C., Lacourse, T., Pisiak, L.K., 2016. Trace
elements in magnetite from porphyry Cu—Mo—Au deposits
in British Columbia, Canada. Ore Geology Reviews
72,1116-1128

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, Littleton, Colorado,
SpeciL Publication 18, 127-152.

Dare, S.A.S., Barnes, S.-J., Beaudoin, G., Méric, J., Boutroy,
E., Potvin-Doucet, C., 2014. Trace elements in magnetite
as petrogenetic indicators. Mineralium Deposita 49, 785-
796.

Davodi, A., Ahmadi Khalaji, A., Keshtgar, S., Eskandarnia, P.,
Tahmashbi, Z., 2025. Geochemistry and petrogenesis of the
granitoid rocks in Mahiroud volcano—plutonic complex;
southeast of Sarbisheh (eastern Iran). New Findings in
Applied Geology 19.

Deditius, A.P., Reich, M., Simon, A.C., Suvorova, A.,
Knipping, J., Roberts, M.P., Rubanov, S., Dodd, A,


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

[ Downloaded from gnf.khu.ac.ir on 2025-11-23 ]

[ DOI: 10.22034/KJES.2025.11.1.104462 ]

ohlen 5 (Slu

Saunders, M., 2018. Nanogeochemistry of hydrothermal
magnetite. Contributions to Mineralogy and Petrology 173,
46.

Dewey, J.F., Pitman, W.C., lii, Ryan, W.B.F., Bonnin, J., 1973.
Plate Tectonics and the Evolution of the Alpine System.
Geological Society of America Bulletin 84, 3137-3180.

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

Eskandarnia, P., Saki, A., Rezaei, M., Miri, M.M., 2020.
Fertility of olivine—gabbronorites of Cheshmeh Ghassaban
(northeast of Alvand complex) using index elements in
olivine and pyroxene minerals. In: Second National
Conference on Knowledge-Based Research in Earth
Sciences, Ahvaz. Sivilica Press.

Ghasemi, A., Talbot, C.J., 2006. A new tectonic scenario for
the Sanandaj—Sirjan Zone (Iran). Journal of Asian Earth
Sciences 26, 683-693.

Ghorbani, M., Nasiri Bezenjani, R., 2011. Slab partial melts
from the metasomatizing agent to adakite, Tafresh Eocene
volcanic rocks, Iran. Island Arc 20, 188-202.

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

Haggerty, S., 2019. Oxide mineralogy of the upper mantle. pp.
355-416.

Hassanzadeh, J., 1993. Metalogenic and tectonomagmatic
events in SE sector of the cenozoic active continental mar
n of central Iran (Shahre-Babak, Kerman Province).
California, Los Angeles.

Hedenquist, J.W., Arribas, A., Jr., Reynolds, T.J. 1998.
Evoluton of an intrusion-centered hydrothermal system:
Far Southeast-Lepanto porphyry and epithermal Cu-Au
deposits, Philippines. Economic Geology 93, 373-404

Jahangiri, A., 2007. Post-collisional Miocene adakitic
volcanism in NW Iran: Geochemical and geodynamic
implications. Journal of Asian Earth Sciences 30, 433-447.

Karimi Shahraki, B., Ghasemi Siani, M., Gholizadeh, K., 2019.
Fe—Ti oxide minerals geothermometry and oxygen fugacity
at the Dar Gaz anomaly, Kahnuj. Kharazmi Journal of
Earth Sciences 5, 79-98.

Mclnnes, B., Evans, N., Belousova, E., Griffin, W.T., Andrew,
R.L., 2003. Timing of mineralization and exhumation
processes at the Sar Cheshmeh and Meiduk porphyry Cu
deposits, Kerman belt, Iran. Mineral Exploration and
Sustainable Development, 1197-1200.

YYA

Meinert, L.D., Dipple, G.M., Nicolescu, S., 2005. World skarn
deposits. In: Hedenquist, J.W., Thompson, J.F.H.,
Goldfarb, R.J., Richards, J.P. (Eds.), One Hundredth
Anniversary Volume. Society of Economic Geologists,
Littleton, Colorado, USA, 299-336.

Mohajjel, M., Fergusson, C., Sahandi, M., 2003. Cretaceous-
Tertiary convergence and continental collision, Sanandaj-
Sirjan Zone, Western Iran. Journal of Asian Earth Sciences
21, 397-412.

Mohammaddoost H, Ghaderi M, Kumar TV, Hassanzadeh J,
Alirezaei S (2017) Zircon U-Pb and molybdenite Re-Os
geochronology, with S isotopic composition of sulfdes
from the Chah-Firouzeh porphyry Cu deposit, Kerman
Cenozoic arc, SE Iran. Ore Geology Reviews 88, 384-399

Mollo, S., Putirka, K., lezzi, G., Scarlato, P., 2013. The control
of cooling rate on titanomagnetite composition:
implications for a geospeedometry model applicable to
alkaline rocks from Mt. Etna volcano. Contributions to
Mineralogy and Petrology 165, 457-475.

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.

Parandoush, K., Atapour, H. Riseh, M. A. 2019. Geochemical
signatures of waste rocks around Sarcheshmeh porphyry
copper mine dumps, southeastern Iran: Implications for
exploration, economic by-products and the environment.
Journal of Geochemical Exploration 199, 31-52.

Pisiak, L., Canil, D., Grondahl, C., Plouffe, A., Ferbey, T.,
Anderson, R.G., 2014. Magnetite as a porphyry Cu
indicator mineral in till: a test using the Mount Polley
porphyry Cu-Au deposit. British Columbia, Geoscience
B.C. Report 2015-1, 141-149.

Richards, J.P., Spell, T., Rameh, E., Razique, A., Fletcher, T.,
2012. High Sr/'Y Magmas Reflect Arc Maturity, High
Magmatic Water Content, and Porphyry Cu + Mo + Au
Potential: Examples from the Tethyan Arcs of Central and
Eastern Iran and Western Pakistan. Economic Geology
107, 295-332.

Rusk, B., Oliver, N., Brown, A., Lilly, R., Jungmann, D., 2009.
Barren magnetite breccias in the Cloncurry region,
Australia; comparisons to I0CG deposits. In: Society for
Geology Applied to Mineral Deposits, 10th Biennial SGA


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

[ Downloaded from gnf.khu.ac.ir on 2025-11-23 ]

[ DOI: 10.22034/KJES.2025.11.1.104462 ]

ohlen 5 (Slu

Meeting, Townsville, Australia, 2009, Proceedings, 656—
658.

Saki, A., Miri, M.M., Eskandarnia, P., Rezaei, M., Dorani, M.,
2020. Petrogenesis of olivine gabbronorites from
Cheshmeh-Ghassaban area (NW of Hamedan) using
mineral chemistry. Petrological Journal 10, 45—66.

Shafiei, B., Haschke, M., Shahabpour, J., 2009. Recycling of
orogenic arc crust triggers porphyry Cu mineralization in
Kerman Cenozoic arc rocks, southeastern Iran. Mineralium
Deposita 44, 265-283.

Shafiei, B., Shahabpour, J., 2008. Gold Distribution in
Porphyry  Copper Deposits of Kerman Region,
Southeastern Iran. Journal of Sciences Islamic Republic of
Iran 19, 247-260.

Shen, P., Pan, H., Zhou, T., Wang, J., 2014. Petrography,
geochemistry and geochronology of the host porphyries
and associated alteration at the Tuwu Cu deposit, NW
China: a case for increased depositional efficiency by
reaction with mafic hostrock? Mineralium Deposita 49,
709-731.

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. pp. 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.

Taghipour, N., 2007. The application of fluid inclusions and
isotope geochemistry as guides for exploration, alteration
and mineralization at the Meiduk porphyry copper deposit,
Shahr-Babak, Kerman. Shaheed Bahonar University
(Kerman), Iran.

Tale Fazel, E., 2023. llvaite trace mineral chemistry as a
thermodynamic recorder of retrograde alteration and
metallogenic indicator for discrimination of skarn deposits:
an example from the iron deposit in north Sanandaj—Sirjan
Zone. Journal of Earth Sciences 9, 283-307.

Tian, J., Zhang, Y., Gong, L., Francisco, D.G., Emil Berador,
A., 2021. Genesis, geochemical evolution and metallogenic
implications of magnetite: Perspective from the giant

yva

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.

Whalen, J.B., Chappell, B.W., 1988. Opaque mineralogy and
mafic mineral chemistry of I- and S-type granites of the
Lachlan fold belt, Southeast Australia. American
Mineralogist 73, 281-296.

Whitney, D., Evans, B., 2010. Abbreviations for Names of
Rock-Forming Minerals. American Mineralogist 95, 185-
187.

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.

Yang, Z. and Cooke, D. R., 2019. Chapter 5 Porphyry Copper
Deposits in China. In: Chang, Z. and Goldfarb, R. J. (eds.)
Mineral Deposits of China. Society of Economic
Geologists.

Yang, Z., Hou, Z., White, N.C., Chang, Z., Li, Z., Song, Y.,
2009. Geology of the post-collisional porphyry copper—
molybdenum deposit at Qulong, Tibet. Ore Geology
Reviews 36, 133-159.

Zarasvandi, A., Rezaei, M., Raith, J.G., Pourkaseb, H., Asadi,
S., Saed, M., Lentz, D.R., 2018. Metal endowment
reflected in chemical composition of silicates and sulfides
of mineralized porphyry copper systems, UrumiehDokhtar
magmatic arc, Iran. Geochimica et Cosmochimica Acta,
223: 36-59.

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.

Zhao, L., Chen, H., Zhang, L., Li, D., Zhang, W., Wang, C.,
Yang, J., Yan, X., 2018. Magnetite geochemistry of the


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

[ Downloaded from gnf.khu.ac.ir on 2025-11-23 ]

[ DOI: 10.22034/KJES.2025.11.1.104462 ]

ohlen 5 (Slu

Heijianshan Fe-Cu (—Au) deposit in Eastern Tianshan:
Metallogenic implications for submarine volcanic-hosted

Yt

Fe—Cu deposits in NW China. Ore Geology Reviews 100,
422-440.


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

