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ARTICLE INFO Introduction

Porphyry CuxMoxAu deposits typically form from oxidized, water-
rich magmas that undergo extensive fractional crystallization. Because
hydrothermal alteration may modify whole-rock and mineral
compositions, zircon is considered a reliable recorder of primary
magmatic conditions. Zircon geochemical proxies such as Ce*/Ce*",
Eu/Eu*, Ce/N(UxTi), 10%Eu/Eu*)/Y, (Eu/Eu*)/Ybn, Th/U, and Hf
contents are commonly used to constrain magma oxidation state, water
content, and magmatic evolution. The Kuh-e Kapout porphyry Cu
deposit, located in the southern Kerman Copper Magmatic Belt
(KMCB), is characterized by potassic and phyllic alteration associated
with disseminated and veinlet-type Cu-sulfide mineralization. Previous
studies suggest that amphiboles from fertile microquartz diorite
intrusions crystallized at ~891 °C from water-rich (~7 wt.% H-0) and
relatively oxidized magmas near the Ni-NiO (NNO) buffer. In this
study, LA-ICP-MS zircon trace-element data from microquartz diorite
and microgranodiorite intrusions were used to evaluate magma
oxidation state, water content, evolutionary trends, and magmatic
fertility in the Kuh-e Kapout porphyry system.
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Methodology

Field observations indicate that volcanic rocks are
widely exposed in the study area, whereas intrusive
bodies occur mainly at depth and are only locally
exposed. Extensive porphyry-related alteration zones
also complicate sampling. Therefore, drill-core logs and

borehole data were examined to identify intrusive phases
and variations in alteration with depth. Samples were
collected from the least-altered intervals, mainly within
potassic alteration zones, of microquartz diorite (HBQD
and DPQD) and microgranodiorite (GDO3) intrusions.
Zircon grains were separated by crushing, sieving, and
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washing, and subsequently handpicked under a
binocular microscope. Selected grains were mounted in
epoxy, polished, and imaged using reflected light,
transmitted light, and cathodoluminescence to examine
their internal structures. Trace and rare earth element
concentrations were analyzed by LA-ICP-MS using a
193 nm Resolution SE laser coupled with an Agilent
7900 ICP-MS at the Institute of Geology and
Geophysics, Chinese Academy of Sciences.

Discussion
Zircon Geochemistry and Magmatic Evolution
Increasing Hf contents accompanied by decreasing
zircon  crystallization  temperatures  reflect  the
progressive evolution of intermediate to felsic magmas
(Dilles et al., 2015). During magma differentiation, U
and Th increase whereas Th/U decreases, while the
crystallization of minerals such as amphibole, titanite,
and apatite modifies zircon chemistry by increasing
Yb/Gd and decreasing Th/U (Claiborne et al., 2010).
Zircons from the HBQD microquartz diorite exhibit high
Hf contents, together with high Eu/Eu* values (>0.4),
indicating hydrous and oxidized magma conditions. The
decrease in Th/U with increasing Hf and decreasing
temperature suggests progressive magma differentiation
during cooling. Increasing Yb/Gd coupled with
decreasing Th/U indicates crystallization of hornblende
and apatite prior to or contemporaneous with zircon
formation. Zircons from the DPQD microquartz diorite
display similar geochemical characteristics, including
high Eu/Eu* values and fractionation trends reflecting
amphibole—apatite  crystallization. However, zircon
crystallization temperatures show a slight increase
during magma evolution. This pattern is best explained
by thermal recharge through the injection of a hotter
magma pulse with a composition similar to the resident
melt, which increased the temperature of the magma
reservoir without significantly altering its chemical
composition. In contrast, zircons from the GDO03
microgranodiorite show low Eu/Eu* values (<0.4),
suggesting lower water content and/or oxygen fugacity.
The decrease in Eu/Eu* with increasing Hf indicates
plagioclase fractionation as the primary control on
magma evolution.

Zircon Geochemistry as a Proxy for Magmatic Fertility

The capacity of magmas to retain and transport
sulfur, a key requirement for porphyry Cu formation, is
largely controlled by oxygen fugacity (fO.) (Richards,
2015). Elevated fO. suppresses early sulfide saturation
in silicate melts, allowing S, CI, and chalcophile metals
to remain in the melt until they partition into
hydrothermal fluids (Leong etal., 2023). Zircon trace-
element systematics provide a robust record of such
conditions. In particular, increasing Ce/N(UxTi) values
reflect progressive oxidation during magma evolution
(Loucks et al., 2020). Calculated AFMQ values for
GDO03, HBQD, and DPQD indicate generally oxidized

conditions with overlapping ranges. Magmatic water
content is closely linked to redox evolution and plays a
critical role in porphyry systems. The zircon index
10*(Ew/Eu*)/Ybn has been proposed as a proxy for melt
H20 content (Loucks and Fiorentini, 2023). In shallow
magmatic environments, exsolution of hydrothermal
fluids reduces melt H-O while increasing AFMQ due to
preferential partitioning of Fe?* and CI” into the fluid
phase, which raises the Fe*/Fe* ratio of the residual
melt. In GDO03, increasing fO. accompanied by
decreasing H2O suggests hydrothermal fluid exsolution.
The microquartz diorites show contrasting trends:
HBQD zircons record an initial positive correlation
between H-O and fO- followed by increasing fO. during
decreasing H-O, consistent with fluid saturation and
subsequent fluid release, whereas DPQD zircons display
only a weak correlation and lack clear evidence for
significant ~ fluid  exsolution. ~ Zircon  fertility
discrimination diagrams (Lu et al., 2016) further
differentiate the intrusions. The GDO03 microgranodiorite
plots predominantly within the barren field, whereas the
HBQD and DPQD microquartz diorites plot within or
close to the fertile domain due to their higher Eu/Eu*
values. Higher (Yb/Gd)y ratios in HBQD also indicate
stronger amphibole fractionation and higher melt water
contents. The overall geochemical characteristics
suggest that the HBQD microquartz diorite most likely
represents the fertile magmatic source of porphyry Cu
mineralization at the Kuh-e Kapout deposit.

Conclusion

1) Microquartz diorite intrusions (HBQD and DPQD)
are fertile, whereas the microgranodiorite (GDO03) is
barren. High zircon Eu/Eu* ratios (>0.4) in the
microquartz diorites indicate high magmatic water
content, whereas low Eu/Eu* values (<0.4) in GDO03
reflect a relatively low-water magma.

2) In the microquartz diorites, increasing (Yb/Gd)n and
decreasing Th/U with increasing Hf suggest that magma
evolution was mainly controlled by crystallization of
amphibole, apatite, and/or titanite. In contrast, the
decrease of Eu/Eu* with increasing Hf in GDO03
indicates that magma evolution was dominated by
plagioclase fractionation.

3) Although HBQD and DPQD show similar Eu/Eu*
values, the influence of hornblende crystallization is
more pronounced in HBQD.

4) The increase in zircon Eu/Eu* from the older GD03
intrusion to the younger HBQD and DPQD intrusions
reflects an increase in magmatic water content and/or
oxygen fugacity, likely related to tectonic changes and
arc evolution.

Based on evidence for high water content, elevated
fO., and hydrothermal fluid exsolution, the HBQD
microquartz diorite is interpreted as the most probable
fertile magmatic source of porphyry Cu mineralization
at the Kuh-e Kapout deposit.
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Figure 1. A) Geological map of the southern part of the Urumieh-Dokhtar Magmatic Belt (UDMB), modified
after Shafaii Moghadam et al. (2022); B) Lithological map of Kuh-e-Kapout Cu porphyry deposit (slightly
modified from Zarasvandi et al., 2025). Dark-colored spots indicate the locations of drill holes. Samples of the
HBQD micro-quartz diorite unit were collected from drill cores at depths of 576 m and 625 m. Additionally,

samples of the GD03 microgranodiorite unit were retrieved from depths of 912 m and 1060 m; and samples of
the DPQD microquartz diorite unit were obtained from depths of 731 m and 737 m.
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Table 1. REE and trace elements LA-ICP-MS analysis data (in ppm) of zircons from the Kuh-e-Kapout deposit
microquartz-diorite (samples: HBQD, DPQD) and microgranodiorite (sample: GDO03) intrusions.

Samples No. HBQD DPQD GDO03

La 0.64 0.01 0.00 0.00 0.00 1.43 3.83 4.62 3.30 4.21 3.55
Ce 27.75 13.99 12.12 18.13 13.55 23.56 24.95 30.73 23.96 2222 24.62
Pr 0.15 0.03 0.05 0.03 0.04 0.47 1.11 1.46 1.24 1.26 1.10
Nd 1.61 0.90 0.82 0.65 0.63 2.91 5.16 8.26 7.46 6.27 7.31
Sm 2.35 1.67 1.38 1.57 1.53 2.75 2.45 5.81 7.17 474 6.19
Eu 1.27 0.92 0.70 0.94 0.85 1.24 1.00 1.11 0.58 1.12 1.30
Gd 14.19 11.17 9.28 11.46 9.58 16.17 11.52 31.93 38.85 2519  34.84
Tb 4.36 3.96 2.72 4.30 3.20 5.12 5.17 10.89 13.88 10.09  11.97
Dy 59.45 52.17 37.47 60.32 54.87 71.78 5559  170.25  170.27  134.89 182.61
Ho 22.79 24.39 19.93 24.89 21.07 28.26 23.84 62.11 69.71 4456 63.08
Er 10115  132.15 86.95 14955  113.08  144.93 13258  297.84 31459  234.11 297.43
Tm 28.50 29.25 26.53 31.11 28.55 31.23 30.42 69.46 70.86 60.00  64.36
Yb 295.86  326.11  253.31 32443 32011  306.86  323.27  640.10 62351 53558 674.21
Lu 59.62 74.45 68.92 88.99 81.51 78.15 81.69  118.17  130.05  107.38 114.92
Hf 12176.12 11291.14 12743.89 13071.68 11702.96 10199.82 11311.01 10729.47 11336.86 9817.19 9510.04
Ti 3.22 3.27 1.82 2.79 2.97 2.43 3.22 6.16 2.15 7.13 6.61
Eu/Eu* 0.67 0.65 0.6 0.68 0.68 0.57 0.58 0.25 0.11 0.31 0.27
Th/U 0.56 0.33 0.30 0.30 0.29 0.47 0.32 0.75 0.48 0.71 0.67
Yb/Gd 25.71 36.02 33.67 34.92 41.22 23.41 34.63 24.73 19.80 26.23  23.87
Dy/Yb 0.20 0.16 0.15 0.19 0.17 0.23 0.17 0.27 0.27 0.25 0.27
Ce/N(UxTi( 0.54 0.40 0.52 0.55 0.43 0.74 0.68 0.51 0.67 0.41 0.43
AFMQ 1.22 0.7 1.15 1.25 0.83 1.75 1.62 1.1 1.6 0.73 0.83
T°C 705 707 659 693 699 682 706 765 670 780 773

DO PORIIR W A CRONI- D 2 W A R AT A o
il sla S5 500 5l lwaliealy 5 3,155 il 90
Sylee yiis o (F-Y g E-V sl ISC8) sine Sow
Lo S5 03 oo 00 ailiyem 3l e Suigm JB
S5l jeam a0, YO-Yr lie s ¢y juieg
VO-Y e e as jlwalionly § 35,155 > ggame

Dgd g0 8IS som>duo )0

JIXPL g PPL gl g F-¥ 4 E-Y oo S
oo o oLtd |, HBQD 8055 55 g S o laie
l0g ) dipey 93 oo LS (o 95wy S gbolie (o)
b S lwadinnaly- 5,195 W 53 5l S
Ol Sy <8l b S 53 el oas
clal s iy g awe S buijlw glo S5

a g o(F-7 IS08) asmo co liad 055 5l o S oo




VF O (piin 5 Cuads oylads qopoin Jlu (55909 yiy

LadS 3o castus S (ol la G 51 ((pommao 0 s diged )3 (DPQD) ey 5005 155 ;Sn 8395
RIS o S o sl i ol alieenlsy 5 ¥) 55Dl sloysl (G-F JS2) s)ls Sije i gl
Slogls (Glw 5o (o jo ol Sol cisn jpae Srdygm Sk lwaldpnliy ol josdy (tedle V<L
il (S Ss gl Nyama Ly adyl miiags ISyl (1Y 5 HY (slo IS 0) wlos sl sy |, S
5 IS 5D 5,195 31 g sl sy ) S Aoy ilons Gl S 8835l S o 5 0lgl )8 ((seaio ) ¥0-Y0)
(=Y g HAY la IS ol oads el Lawaliennlsy YO+ Legame) bwalipenlsy g 55,155 ol omas g

L (ol (lazsT 8355 5IXPL j39a8) G v 5 S ¢55,155 cosdi S pos SO johicad o 51 slonilejls (ALY 5o
S At 5 el St glaSiw 5l by Selis)T (Slo 59 5IPPL 5905 (C 5 XPL ji5a5 (B «SGld Slo 5o
Cay90051959,8n 5 (sd Biged gl (D 103g5 g0 oS Cuyeisls 3055 sla Sl 5 conl oat 23Rl o, Sl SIS L LS
ngas (F 9 PPL poas (B ol oad aslo wili oo 5 s M 5250 sloysl 51 (otws Bged )0 S (658,5y l, HBQD
Pl Hshed)o 5 Capasl Pl Glwalbpeuly ol jona (Glo S5 Jl s il jsn 5l slowlejl 5 cudsn S 51 XPL
Sl as MW sla S5l (sws dged gad (G HBQD Lgas o 50555155 9,500 55 Cosl ol (s o J> 50 o5
5 525 s mdysm S8l I XPL ngas (|5 PPL pygas (H tailos 5T oy 1) DPQD &350 o 5003515555500 8353 5 50
29598 g )3 Jlwaliprnlly o 55,19 S= N9 B (S ailon ) A (G (mn o 5l (@l aliS b Ll
Ca30995,5 9,500 50 58550 3L DR olremay 35l5S cl s sla ok 5l (Slwd Bged pgal (JDPQD cuy50555,155 5 S0
slen T Ay 1y S y5u0 50 59 ,Son 8355 (5 d 3 3L 45 T3k 5 5,155 5IXPL s (L 5 PPL jy5m5 (K 1GDO3 &5
a3 35,155 5 e laaisad 1o (S 5 I XPL sla pgas (M, N o) lwadinenly 5 55,058 M 5a5d 5l slailoge; die ol o

(Warr, 2021) ,ls 5l le SIS ol cligiassS

Figure 2. A) Cross-polarized light (XPL) image of a dacitic volcanic rock with phyllic alteration, showing a
relict of sericitized plagioclase phenocryst, quartz, pyrite, and sericite; B) XPL and C) Plane-polarized light
(PPL) images of argillic and/or greisen alteration in dacitic volcanic rocks, where the rock matrix is completely
replaced by clay minerals, accompanied by quartz and fluorite; D) Hand-specimen photograph of the HBQD
microquartz diorite, displaying a porphyritic texture composed of plagioclase, biotite, and hornblende
phenocrysts; E) PPL and F) XPL photomicrographs of the HBQD microquartz diorite, showing biotite and a
relict of altering hornblende, associated with K-feldspar, plagioclase, anhydrite, and a sericitized plagioclase
phenocryst; G) Hand-specimen photograph of the DPQD microquartz diorite, showing plagioclase crystals
forming a porphyritic texture; H) PPL and 1) XPL photomicrographs of the DPQD microquartz diorite, showing
a porphyritic texture with plagioclase and K-feldspar exhibiting evidence of sericitization, within a fine-grained
matrix of plagioclase, quartz, and K-feldspar; J) Hand-specimen photograph of the GD03 microgranodiorite,
displaying a porphyritic texture with coarse-grained quartz and plagioclase crystals; K) PPL and L) XPL
photomicrographs of the microgranodiorite showing porphyritic quartz and plagioclase in a fine-grained
groundmass of plagioclase, quartz, and K-feldspar; M, N) XPL images of zircon grains in the microquartz
diorite samples. Mineral abbreviations are after Warr (2021).
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Figure 2. Continued.
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Figure 2. Continued.
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Figure 3. Cathodoluminescence (CL) images of zircon grains from the Kuh-e-Kaput deposit. A) CL image of a
zircon grain from the HBQD sample, showing an acicular prismatic habit with an aspect ratio (width-to-length)
of 1:5; B, C, D) CL images of zircon grains from the GD03, DPQD, and HBQD units, respectively (displaying
variations in Hf, Eu/Eu*, Yb/Gd, and Th/U ratios during mineral growth); E) Transmitted-light
photomicrograph of a zircon grain from the HBQD unit, showing apatite inclusions within the host zircon.
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Figure 4. Chondrite-normalized spider diagram (data from McDonough and Sun, 1995) for: A)
Microgranodiorite intrusion; B) HBQD and DPQD microquartz-diorite intrusions. Data for Chuquicamata are
from Pizarro et al. (2020), data for Sarcheshmeh are from Lu et al. (2016), and data for Ermi are from Liu et al.

(2025).
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Table 2. Comparison of zircon geochemical data and zircon crystallization temperatures of the HBQD and

DPQD microquartz-diorite intrusions and the GD03 microgranodiorite intrusion with corresponding zircon data
from the Chuquicamata, Sarcheshmeh, and Ermi deposits. Data for Chuquicamata are from (Pizarro et al.,

2020), those for Sarcheshmeh are from Lu et al. (2016), and those for Ermi are from Liu et al. (2025).

Sample Type Microquartz-diorite ~ Microquartz-diorite

Microgranodiorite  Sarcheshmeh  Chuquicamata Ermi deposit

HBQD DPQD GDO03 deposit (Sub-Economic)
Hf (ppm) 11291-13071 10200-11311 9510-11337 8973-11590 >8750 9301-10863
Eu/Eu* 0.6-0.68 0.58-0.57 0.11-0.31 0.41-0.92 >0.4 0.21-0.31
(Yb/Gd) n 25-41 23-34 19.8-26 17-61 - 23-29
Th/U 0.56-0.29 0.47-0.32 0.75-0.48 1.04-0.27 1-0.1 0.84-0.58
T°C 659-707 682-706 670-780 - 639-761 684-805
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