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1- Introduction

In Iran, widespread occurrence of porphyry Cu deposits is reported and investigated along the Urumieh-
Dokhtar Magmatic Belt (UDMB). These deposits formed in a collided arc setting where fertile magmas
generated from the melting of subduction-modified lithospheric mantle, especially when there is
asthenosphere upwelling (Asadi, 2018). Given that mineralization in the porphyry Cu systems occurs at the
end of potassic alteration (Richards, 2011), the features of potassic alteration could be linked to
mineralization potential of porphyry systems (Zarasvandi et al., 2018). Considering this point, the present
study focused on the petrography and EDX spectra of potassic alteration minerals. This is used to
characterize the occurrence and paragenesis of rare minerals. Additionally, textural and geochemical
features of magnetite paragenesis is linked to the physicochemical conditions under which rare minerals
crystallized in the potassic alteration.

2- Geological setting

The Sarkuh porphyry Cu deposit associated with granite and granodiorite intrusions, is located 6km SW of
Sarcheshmeh porphyry Cu deposit in the southern part of UDMB. In this deposit, intrusions were emplaced
in 15.18 £ 0.43 (U/Pb dating) in Eocene units dominated by tuff, andesite, basaltic andesite, and pyroclastic
breccia. Potassic, phyllic, argillic, propylitic alterations as well as potassic - argillic and potassic - phyllic
transitions are identified in the Sarkuh district. Potassic alteration of deposit mainly containing magnetite,
secondary and re-equilibrated biotites as well as anhydrite is observed till the deepest parts of drill holes (~
500m). However, secondary k-feldspar, calcite, monazite, epidote, and titanite occurred to a lesser extend
in the potassically altered rocks. Apatite and zircon inclusions are widely observed in the biotite and
magnetite phenocrysts. Texturally, various types of magnetites were crystalized through the evolution of
potassic alteration; magmatic, pre-ore, ore, and late stages (Zarasvandi et al., 2023). Nevertheless, only
those having martitizied margins (Mag 1) and Ti-phase (ilmenite) exsolution as lamellae or in grain contacts
(Mag 2) are accompanied with rare minerals (discussed below).

3- Material and methods

In this study a number of 6 representative samples were selected from the potassic alteration of Sarkuh
porphyry Cu deposit (borehole No: SKP05, SKP16, and SKP33). Preparation of thin-polished sections as
well as EMPA analysis were carried out in the Montanuniversitat Leoben, Austria. Analyses were done on
the carbon coated samples using a Superprobe Jeol JXA 8200 instrument. In order to substantiate the
paragenesis and occurrence of accessory minerals, EDX spectra of analyzing point were recorded.
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4- Result and discussion

Optical petrography with interpretations of EDX spectra imply the unusual occurrence of rare minerals,
including thorite, REE-rich monazite, Ce-bearing titanite, and La-Ce rich epidotes within groundmass of
the potassic alteration in the Sarkuh porphyry deposit. Commonly, they are associated with apatite,
anhydrite, magnetite, hydrothermal biotite, quartz, and k-feldspar assemblages. Assessing the geochemical
composition of magnetite paragenesis indicates they are mainly contain Fe, Ti, V, Al, Si, Cr, Mn, and Mg,
whereas Ca, Cu, and Ni were detected only in some limited points. Based on the geochemical composition,
studied magnetites formed via high temperature (>500°C) magmatic — hydrothermal fluids exsolved in the
early-stages of hydrothermal fluid evolution in the potassic alteration. This is also supported by the position
of samples on the Mg + Al + Si (ppm) vs. Ti (ppm) discrimination plot (Nadoll et al., 2015; Tian et al.,
2021), where magnetite samples show the affinity with low rate of the fluid — rock interaction. Additionally,
the co-occurrence of magnetite with hematite and anhydrite assemblages represents that high oxygen
fugacity conditions (near magnetite - hematite buffers ~ AFMQ +4) prevailed during the magnetite
crystallization (Zarasvandi et al., 2019). Considering the close association between magnetite and rare
minerals, these findings could be extended to the occurrence of rare minerals in the potassic alteration of
porphyry Cu deposits.

5- Conclusion

The intrusive units of Sarkuh porphyry deposit (mainly granite and granodiorite) are related to a
hydrous/oxidant magmatic system representing high Sr/Y and La/Yb adakitic features. They sourced from
the melting of subduction-modified lithospheric mantle analogous to those reported previously for other
fertile porphyry intrusions in southern parts of UDMB (e.g., Meiduk and Sarcheshmeh porphyry deposits).
Considering the same magmatic source of Sarkuh porphyry with other PCDs in the southern part of UDMB,
it seems that the occurrence of rare minerals (i.e., thorite, REE-rich monazite, Ce-bearing titanite, and La-
Ce rich epidotes) could also be traced in the other PCDs especially those localized in the southern parts of
UDMB. Linking the chemical composition of magnetite paragenesis with rare mineral occurrences in the
potassic alteration confirmed that they crystallized from high temperature / oxidant magmatic -
hydrothermal fluids in the early stages of hydrothermal fluid evolution in the potassic alteration.
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Fig. 3. Microscopic and backscattered electron images (BSE) showing the different types of magnetite in the Sarkuh
porphyry deposit; (2) BSE image showing the magnetite (Mag) inclusion within magmatic biotite (Bi), (b-d) BSE images
displaying pre-ore magnetite occurrence as aggregates which partly martitizied and represent ilmenite exsolution in grain
contacts, (e) Fine-grained magnetite (pre-ore magnetite) accompanied with k-feldspar (kfs) and biotite assemblages in the
potassically altered rocks, (f) Reflect light microscopic image (PPL image) showing pre-ore martitizied magnetite
(hematite; Hem) occurred as inclusion within chalcopyrite, and (i) BSE image representing magnetite overgrowth on the
sulfide phase (chalcopyrite). Mineral abbreviations after Whitney and Evans (2010).
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Table 1. EMPA results of magnetites in the Sarkuh porphyry deposit.

Mag.  Sample

Type No. Si02  TiO2 AlOs Cr20s V203 Fe:03  FeO MnO  MgO CaO CuO Total
SKP33-

Magl 201_.3 0.144 0.292 0.27 0.062 0.27 66.81 31.47 0.031 0.008 n.d 0.02  99.39
SKP33-

Magl 2015 0.03 0145 0.243 0.086 0662 67.50 3169 0.015 0.004 nd n.d 100.38
SKP33-

Magl 201 13 0.075 0.65 0.46 0.085 0.323 66.78 3234 0.004 0.023 nd n.d 100.74
SKP33-

Magl 201 14 0.083 0.055 0.233 0.059 0.354 68.73 3L75 0.027 0.034 nd 0.036 101.37
SKP33-

Magl 20115 nd 0.135 0.402 0.055 0.314 67.92 3142 0.14 0.038 nd n.d 100.43
SKP33-

Magl 201_16 nd 0.127 0239 0.061 0.333 6531 3023 0.027 0.012 nd n.d 96.34
SKP16-

Magl 721 0.015 0.087 0376 0.031 0358 68.19 31.56 0.089 nd n.d n.d 100.71
SKP16-

Magl 725 0.478 033 0301 0.058 0351 66.12 3203 0.037 0.004 nd n.d 99.71
SKP16-

Magl 726 0.319 0431 0.35 0.079 0.394 66.65 3220 0.048 0.064 nd n.d 100.54
SKP16-

Magl 727 0.061 0.134 0.171 0.057 0.393 67.77 31.38 0.064 0.03 0.024 nd 100.08
SKP16-

Magl 72_8 0.19 0838 0.236 0.053 0.276 65.66 3177 nd 0.027 0362 nd 99.42

Mag  SKP16-

1 729 0.19 0769 0.115 0.067 0.328 66.56 3217 0.067 0.033 0.101 nd 100.41

Mag  SKP16-

1 72.10 nd n.d 0.214 0.068 0.37 68.63 3147 0.047 0012 nd n.d 100.81

Mag  SKP16-

1 72.11 0.766 0.664 0.219 0.095 0.341 63.20 31.92 0.019 0.003 nd n.d 97.23

Mag  SKP16-

2 7212 0319 0.203 0.365 0.104 0.383 6425 30.74 0.041 0016 nd n.d 96.42

Mag  SKP16-

2 72.13 0357 0.2 0.293 0.097 0394 6339 3032 0.067 0.026 nd n.d 95.16

Mag  SKP16-

2 7214 0.061 0.259 0.348 0.07 0.355 66.24 3119 0.014 0008 nd n.d 98.55

Mag  SKPO05-

2 126 17 0.091 0.061 0.213 0.048 0.306 6827 3140 0.179 0.003 nd n.d 100.58

Mag  SKPO05-

2 126 18 0.045 0.061 0.105 0.023 0.322 6866 3141 0122 0015 nd n.d 100.77

Nn.d = sois sols eV A
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Fig. 4. (a-b) Backscattered electron images (BSE) representing the occurrence of thorite (Th), monazite (Mnz), and REE-
rich epidote (Ep) (EDX spectra presented in the Fig. 5) with biotite (Bi), apatite (Ap), anhydrite (Anh), and chalcopyrite
(Ccp) in the potassic alteration samples of Sarkuh deposit, (c) polyphase reaction corona containing ilmenite (1lm), Quartz
(Qtz), and anhydrite in the contact area of Ce-bearing titanite (Tit) and anhydrite, and (d) Figure 5d under higher
magnification. Mineral abbreviations after Whitney and Evans (2010).
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Fig. 5. (a-d) EDX spectra of REE-rich epidote, REE-rich monazite, thorite and Ce-bearing titanite (see text for
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