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EXTENDED ABSTRACT

Introduction

Porphyry copper deposits (PCDs) are related to the
shallowly emplaced (5-10 km) oxidized magmatic
systems in the subduction, syn-collisional, as well as
post-collisional tectonic settings (Richards, 2011).
They supply most of the world's Cu and Mo
resources; ~80 % Cu and ~95 % Mo (Sun et al.,
2015). In Iran, widespread occurrence of porphyry
copper deposits has been discovered and mined in the
Urumieh-Dokhtar Magmatic Arc (UDMA,; Richards,
2015). These deposits are related to the evolution of
the Neo-Tethys ocean starting with subduction in late
Cretaceous to middle Miocene and subsequent
prevailing the syn- to post-collisional tectonic
regimes during the Neogene (Richards, 2015;
Zarasvandi et al.,, 2018). Most of the porphyry
bearing intrusions of UDMA exhibiting a spectrum
of mineralization from weakly to highly mineralized
systems were emplaced during the Miocene (e.g.,
Sarcheshmeh, Meiduk, and Dalli). Recent studies
concerning on the source of mineralized porphyry
granitoids in the UDMA (e.g., Asadi, 2018) specified
a model comprising the partial melting of
subduction-modified thickened mafic juvenile lower
crustal rocks responsible to generation of adakite-
like-hydrous, relatively oxidized magmas (Sun et al.,
2015) with the high potential to form porphyry Cu
Mo £ Au systems.

During the last decade, magnetite geochemistry has
been the focus of several studies trying to constrain
the physicochemical attributes of igneous and
hydrothermal ore systems (e.g., Dare et al. 2014).
Magnetite can form under various conditions having
the capability of fixing various minor and trace
elements (e.g., Co, Cr, V, Ti, Mn, Mg, and Al) in its
spinel structure (Nadoll et al., 2015). This makes
magnetite able to record many environmental
variables which are very important in mineralization
potential of porphyry Cu-systems (e.g., oxygen
fugacity, temperature, and ratios of fluid-rock
interaction). Although the Dalli porphyry Cu-Au
deposit has been the subject of many studies manly
focusing on the magmatic evolution, fluid inclusion,
silicate (plagioclase, biotite, and amphibole) and
sulfide (pyrite and chalcopyrite) chemistry (Ayati et
al., 2013; Zarasvandi et al., 2015a; Zarasvandi et al.,
2018; Zarasvandi et al., 2019c); none focused on the
oxide minerals (magnetite composition). The present

work reports petrographic and chemical data of
magnetite and tries to constrain the factors
controlling the formation of Dalli deposit.

Material and Methods

Sampling was carried out on drill cores and special
care was undertaken to select the samples showing
no obvious overprint of low temperature alteration.
Polished thin sections were prepared from 1-2 cm
sized blocks for microscopy and electron probe
microanalyzer (EPMA) studies. Wavelength-
dispersive (WDS) EPMA analyses of oxides were
conducted at the Chair of Resource Mineralogy,
Montanuniversitat Leoben, Austria using the Jeol
JXA 8200 instrument and the following analytical
conditions: 15 kV accelerating voltage, 10 nA beam
current and beam size to spot mode (of about 1um).
K lines were used for Mn, Fe, Ti, Mg, Al, Cr, and V.
The counting times for element peaks and
background (upper and lower) were 100 s and 20 s,
respectively. The lower limit of detection for these
elements (single standard deviation) as calculated by
the integrated Jeol software.

Results

In the Dalli porphyry Cu-Au deposit, hypogene
mineralization mostly includes pyrite, chalcopyrite,
and magnetite with minor chalcocite and bornite. Ore
minerals occur as aggregates, in veinlets or
disseminations within the potassic alteration, and to
a lesser extent in the phyllic alteration zones. In the
all analyzed samples, the values of Al;Os, V203 and
MnO were upper then detection limit. Conformably,
detectable values were mainly obtained for TiO,
Cr,0; and MgO. On the contrary NiO, SiO,, CuO
were mainly below the detection limit. The FeO
content (wt. %) in the analyzed magnetites varies
between 91.01 to 98.57 (average; 97.01), Al,Os
between 0.063 -5.07 wt. % (average 0.62 wt. %), and
the lowest and highest values of V.03 are 0.02 and
0.34 (wt. %), respectively. The average of MnO and
MgO in the analyzed samples is 0.25 and 0.07 (wt.
%), respectively. Additionally, the TiO, content
varies between 0.01 and 2.45 (wt. %); averaging 0.34
(wt. %).

Discussion

On the Ti (ppm) vs. V (ppm) discrimination diagram,
most of the analyzed magnetites extended to the field
of hydrothermal field providing insight into the

Journal of Economic Geology, 2023, Vol. 15, No. 1

DOI: 10.22067/econg.2023.77655.1049


https://doi.org/10.22067/econg.2023.77655.1049

Zarasvandi et al.

Magnetite chemistry in the Dalli porphyry Cu-Au deposit, central Urumieh-Dokhtar Magmatic Arc ...

formation of magnetite owing to the exsolving of
hydrothermal fluids through the potassic alteration.
Comparison of the magnetite composition in the
Dalli deposit with other PCDs in the UDMA implies
that there are higher average contents (wt. %) of Mn,
Fe, Mg, and Cr compared with Daralou (an example
of pre-collisional porphyry intrusion) and Keder
porphyry systems (an example of weakly
mineralized collisional porphyry deposit). These
features may highlight the importance of magnetite
composition in establishing the discrimination
diagrams of Au-rich porphyry Cu-deposits using
magnetite composition. The documented oxy-
exsolution of ilmenite as well as hematite intergrown
with magnetite in the Dalli samples are the indicative
of high fo, in the potassic alteration stage. Under
such highly oxidized conditions sulfur is present as
oxidized species (such as SO;~ ) rather than as
reduced species (such as S?~ ) preventing the
extensive sulfide deposition in magmatic and early
stages of potassic alteration (Zarasvandi et al., 2022).

This process could enhance the mineralization
potential of the system by preserving the sulfur
content, especially before the main mineralization
stages. Besides optimum  tectonomagmatic
conditions, the physicochemical attributes of
potassic alteration may also have a decisive role in
predicting the mineralization potential of porphyry
systems (Zarasvandi et al., 2018). Because bulk
sulfide mineralization occurs at the end of potassic
alteration (Richards, 2011). Prevailing of the high
temperatures in potassic alteration could prevent the
disproportion SO, to H.S which is necessary for
sulfide precipitation (Richards et al., 2017;
Zarasvandi et al., 2018). Conformably, the inability
of hydrothermal systems for cooling could be linked
to the low mineralization degree of the porphyry
deposits. Based on the Al + Mn vs. Ti + V diagram
(Zhao et al., 2018), samples of Dalli deposit follow
the trend of temperature decreasing which indicate
the desirable conditions for enhancing the sulfide
mineralization in the Dalli porphyry Cu-Au deposit.
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Table 1. EMPA results (wt. %) of magnetite analysis from the potassic alteration zone of Dalli deposit

Point

No MgO  AROs  TiO2 FeO Cr20s MnO  NiO V203 CuO0 ZnO CoO Total

9 0.062 0.193 0.171 97.38 0.094 0.391 nd. 0.245 0.02 n.d. n.d. 98.556
10 0.073 0562 0.174 96.919 0.033 0.389 0.019 0.279 n.d. nd.  0.029 98.477
11 0.061 0513 028 97444 0.027 0.394 nd. 0.266 nd. 0.025 nd. 99.01
12 n.d. 0.77 0375 97.702 0.038 0.371 nd. 0.179 0.134 nd. 0.074 99.643
13 0.034 0.248 0.133 97.997 0.067 0.38 nd. 0.204 0.029 0.033 0.017 99.142
14 0.014 0422 0.122 98277 0.099 0.263 n.d. 0.24 n.d. nd. 0011 99.448
15 nd. 0516 0.242 98579 0.046 0.176 n.d. 0.279 n.d. n.d. n.d. 99.838
16* 0.079 285 2455 92728 0.062 0.244 nd. 0.216 nd. 0424 nd. 99.058
17 0.298 5.083 2272 91008 0.112 0.266 n.d. 0.229 nd. 1373 nd. 100.641
18 nd. 0291 0.207 97467 0042 0.215 nd. 0.272 0.083 n.d. n.d. 98.577
19 nd. 0.693 0.392 97976 0.055 0.146 n.d. 0.282 nd. 0141 nd. 99.685
20 0.096 1.06 2.07 95352 0.108 0.158 0.008 0.288 nd. 0139 nd. 99.279
21 0.106 1.875 0.341 96.717 0.05 0.17 nd. 0.248 nd. 0.054 nd. 99.561
22 0.113 0463 0.262 97.757 0.067 0.387 n.d. 0.337 n.d. n.d. n.d. 99.386
23 0.144 0.612 0.358 96.898 0.08 0.347 nd. 0.273 nd. 0.061 0.008 98.781
24 0.089 0.262 0.213 97.693 0.085 0.204 nd. 0.224 0.044 0.048 nd. 98.862
25 0.085 1.303 0.895 95391 0.046 0.171 n.d. 0.2 nd. 0182 nd. 98.273
26 0.11 0433 0.179 096.841 0.02 0.346 n.d. 0.181 0.006 0.019 0.017 98.152
117 0.011 0.351 0.041 98.023 0.004 0.113 n.d. 0.093 nd. 0.097 0.02 98.753
118 0.003 0.302 0.075 98.132 0.023 0.001 n.d. 0.186 nd. 0.043 0.025 98.79
119 0.003 0.06 0.018 94.293 n.d. 0.057 nd. 0.02 0.031 nd. n.d. 94.482
120 nd. 0237 0.068 98.009 0.063 0.032 n.d. 0.129 n.d. nd.  0.013 98.551
121 0.008 0.304 nd. 97.208 0.05 0.084 n.d. 0.147 n.d. n.d. n.d. 97.801
122 0.027 0191 0.037 97.192 0.05 0.091 n.d. 0.199 n.d. nd.  0.008 97.795
123 0035 031 0.013 98.368 n.d. 0.084 n.d. 0.161 nd. 0.002 nd. 98.973
124 0.025 0.214 0.015 98.523 n.d. 0.083 n.d. 0.129 nd. 0091 nd 99.08
125 0.012 048 0.049 97491 0.077 0.144 nd. 0.136 n.d. n.d. n.d. 98.389
126  0.054 0.28 nd. 97922 0.062 0.11 nd. 0.097 0.08 n.d. n.d. 98.605
127 0.25 0193 0.024 97.846 0.041 0.664 n.d. 0.276 n.d. nd.  0.031 99.325
128 0.253 0.224 0.039 96.221 0.025 0.596 0.054 0.242 n.d. nd.  0.064 97.718
129 0.176 0.611 0.197 97.074 0.056 0.196 n.d. 0.199 nd. 0.083 0.058 98.65
130 0.127 0.273 0.033 97534 0.039 0.378 nd. 0.258 n.d. n.d. n.d. 98.642
131 0.13 021 0.081 96.498 0.054 0431 nd. 0.147 0.047 0.049 0.011 97.658
132 0.201 0.184 0.076 97533 0.041 0.633 n.d. 0.206 n.d. nd.  0.014 98.888
133 0.205 0,531 0.198 96.907 0.047 0.387 0.042 0.186 nd. 0.031 0.034 98.568
134 0.032 0197 0.084 97.828 0.032 0.08 nd. 0.235 nd. 0.042 nd. 98.53
135 0.021 0.317 0.048 96.581 0.079 0.103 n.d. 0.195 n.d. nd. 0.017 97.361
136 nd. 0161 0.062 96.953 0.05 0.139 nd. 0.237 n.d. n.d. n.d. 97.602

n.d. = Not detected
* Analyzing point near Ti-phase exolution
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Fig. 1. A: Location of Dalli porphyry Cu-Au deposit in Urumieh— Dokhtar Magmatic Arc (Alavi, 2007), B: Geological

map of Dalli deposit (Zarasvandi et al., 2015a), C: Quartz diorite stocks emplaced within Eocene andesites in the northern
part of Dali deposit, and D: Diorite-quartz diorite stock in the southern part of Dalli deposit
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Fig. 2. A: Hand specimen image showing the quartz diorite sample belonging to the northern section of Dalli deposit, B:
Hand specimen from quartz diorite in the Dalli deposit containing chalcopyrite mineralization, C: Hornblende phenocryst
in the quartz diorite sample of southern section, D: Hornblende phenocrysts accompanied with magmatic magnetite
occurring as opaque mineral in the quartz-diorite samples of northern section, E: Magmatic quartz in the vicinity of veinlet
having chalcopyrite mineralization, and F: Sericite occurrence in the marginal part of mineralized vein containing quartz

and pyrite. Abbreviations after Whitney and Evans (2010) (Qtz: quartz, Bt: biotite, Hbl: hornblende, Kfs: K-feldspar, PI:
plagioclase, Mag: magnetite, Py: pyrite, Ccp: chalcopyrite, AMP: amphibole, Ser: sericite).
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Fig. 3. A and B: Image of quartz-diorite sample from the southern hill of Dalli porphyry Cu-Au deposit containing a
veinlet with pyrite and chalcopyrite mineralization. In this image chloritization of hydrothermal biotites and secondary
K-feldspars are evident around the sulfide mineralization, C and D: Hornblende in the diorite sample gives way to biotite
through potassic alteration leading to the magnetite occurring as opaque phase, E: Disseminations of pyrite, chalcopyrite
and magnetite in the quartz diorite sample, and F: Backscattered electron image (BSE) showing the two generation of
pyrite occurring as veinlet and dissemination. Additionally, fine-grained magnetite occurred in the pyrite veinlet and
groundmass. Abbreviations after Whitney and Evans (2010) (Qtz: quartz, Bt: biotite, Hbl: hornblende, Kfs: K-feldspar,
Mag: magnetite, Py: pyrite, Ccp: chalcopyrite, Chl: chlorite).

DOI: 10.22067/econg.2023.77655.1049 Vosled A0 0,55 NPT (ool ol e

Y


https://doi.org/10.22067/econg.2023.77655.1049

#:—A:Aj)‘&lnfbOL@S‘_;_/'SJAuﬁ:’ch‘:‘_;ﬁé)‘x‘_g}\b—wjulfjé%xiawi

0‘)&.@.& E) (5""}““))’

Y5l e eds (6,8 05l bli  adm 55 O g ol el e

.() ij\?) Sl L?’)} Loy

YO sy a et LT lacxKe ;3MgO s MNO KL
;,yéugﬁ;ﬁ”;TiOz Oljae Sl 59 Ao )3 t/0Y

533 Ays N KL L YFOL /oY 0 S )3

ST CaSa ol pen sla SIS 5 8L sla S 55 edaniilis s HLilS” e (glaysh BSE s iS00 Sy Ko sl soms B 5 AL S
Py (LT AP (e :Mag cooalsl M) ol sds L3l (Whitney and Evans, 2010) iyl 5 2oy 5l b SIS s kel slaailis ol

LS p3ZIM s

Fig. 4. A and B: Backscattered electron image (BSE) showing the textural features and paragenesis of analyzed magnetites
of Dalli Deposit. Abbreviations after Whitney and Evans (2010) (Ilm: menite, Mag: magnetite, Ap: apatite, Py: pyrite,

Zrn: zircon).
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Fig. 5. Wave-length destructive (WDS) elemental mapping from the magnetite of Dalli deposit. Exsolution of ilmenite
phases is evident in the Ti map.
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Fig. 7. Maximum, minimum, and the average of Fe, Al, Mg, Mn, Ni, V, Ti, Cr, and Cu values of Dalli, magnetites
compared with the pre-collisional (Daralou porphyry) and weakly mineralized collisional deposits (Keder porphyry).

Magnetite data of Daralou and Keder porphyries after Zarasvandi et al. (2019b).
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