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Introduction

The Central Iran zone represents one of the most significant
geological domains of Iran, characterized by a wide diversity of igneous,
metamorphic, and sedimentary rocks formed through prolonged tectonic
and magmatic processes. In the southeastern part of this zone, the
Talahoueieh area, located north of Bam, occupies a structurally central
Iranian position but is geodynamically situated along the active margin of
the Urumieh—Dokhtar magmatic arc (UDMA). The development of this
magmatic arc is attributed to the subduction of the Neo-Tethyan oceanic
lithosphere beneath the Central Iran plate during the Cenozoic, making it
one of the most important volcanic—plutonic and metallogenic belts in
Iran (Berberian and King, 1981; Shahabpour, 2005).

The Talahoueieh area comprises a suite of Eocene volcanic and
volcaniclastic rocks, andesitic—dacitic dykes, and shallow to semi-deep
intrusive bodies of granodioritic and monzonitic composition. These
lithological assemblages clearly reflect multiple pulses of magmatic
activity within an active tectonic setting. In several parts of the area, the
igneous units are affected by widespread hydrothermal alteration,
including silicic, argillic, chloritic, and carbonate assemblages. Field
observations, petrographic characteristics, and preliminary geochemical
data suggest a close genetic relationship between magmatism and base-

d " : - S
10.22108/ijp.2026.147520.1377 and precious-metal mineralization.

The presence of extensive alteration zones, quartz epithermal  mineralization. Such deposits are
vein—veinlet systems, and sulfide minerals such as commonly associated with calc-alkaline subvolcanic
pyrite, sphalerite, galena, and chalcopyrite indicates a intrusions emplaced along active fault zones and are
strong  potential  for  intermediate-sulfidation characterized by intense hydrothermal alteration.
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Accordingly, the Talahoueieh area represents a
promising exploration target in the southeastern part
of the Central Iran zone.

In this study, whole-rock geochemical data
obtained by ICP-MS and XRF analyses, together with
detailed petrographic and ore microscopic studies, are
used to constrain the petrogenesis, magma evolution,
crystallization and differentiation processes, and their
genetic links to alteration and mineralization. The
ultimate goal is to develop a comprehensive model
for the origin, evolution, and metallogenic role of
igneous rocks in the Talahoueieh area.

Research Method

The study was conducted through fieldwork and
laboratory analyses. A 1:10,000 geological map of the
area was prepared, and 62 rock samples were
collected. Of these, 35 were used for petrographic
studies, while 19 representative samples (5 intrusive
and 14 volcanic) were analyzed by XRF and ICP-MS
at the Zarazma Laboratory (Kerman, lIran). The
geochemical data were processed using Excel and
GCDKkit software to evaluate the geochemical and
tectonic characteristics of the studied rocks.

Regional Geology

Magmatic activity in the UDMA lasted from the
Eocene to the Quaternary, peaking in the Eocene. A
shift from calc-alkaline to adakitic magmas in the
early Miocene enhanced magma fertility, promoting
porphyry mineralization. In the southeastern UDMA
(Kerman copper belt), mineralization occurred mainly
during the late Oligocene to Miocene. Key volcanic
complexes include Bahr Aseman (Middle Eocene),
Razak (Late Eocene), and Hazar (Middle Oligocene),
showing a near-complete Cenozoic volcanic—
sedimentary succession, with Eocene units being the
most significant. In the Talahoueieh area, exposed
rocks are dominated by volcano-sedimentary units
(tuffaceous shale, conglomerate, and limestone), with
central volcanic tuffs and dacitic-andesitic rocks
forming elevated areas. Intrusive bodies are limited
but locally associated with skarn-type mineralization.

Alteration and Mineralization

In the Talahoueieh deposit, hydrothermal alteration
is widespread and, dominated by argillic, silicic,
chloritic, and advanced argillic types, with argillic
alteration being the most extensive and closely linked
to mineralized zones. This reflects mid- to late-stage
acidic hydrothermal activity. Potassic and phyllic
alterations were not observed. Polymetallic vein-type
mineralization (Cu, Pb, Zn, Ag) mainly occurs in
Eocene volcanic units, especially pyroclastic tuffs and
andesites, in the form of veins, veinlets, replacement,
and open-space fillings, and is structurally controlled

by structural features. Key minerals include
chalcopyrite, bornite, malachite, azurite, chrysocolla,
galena, cerussite, sphalerite, and hemimorphite. Copper
mineralization shows oxidized zones at the surface and
sulfide zones at depth, while Pb and Zn occurrences are
sporadic. Mineralization is controlled by a combination
of structural, lithological, and hydrothermal factors,
emphasizing its economic potential and guiding future
exploration.

Discussion

Calc-alkaline  magmas typically form in
subduction-related volcanic arcs and are characterized
by high SiO., low Fe/Mg ratios, and mineral
assemblages including plagioclase, hornblende, and
biotite. These magmas are commonly associated with
porphyry Cu-Au systems. In contrast, shoshonitic
magmas have higher K.O and K.O/Na:O ratios, are
enriched in LILE and LREE, and are often linked to
epithermal Au mineralization. The intrusive and
volcanic rocks of the Talahoueieh area (granite,
granodiorite, rhyolite, dacite, and andesite) exhibit high
Al0s and KO contents, reflecting partial melting of a
metasomatized mantle source and subduction-related
arc magmatism. The coexistence of calc-alkaline and
shoshonitic compositions indicates an active arc
environment and late-stage magmatic evolution,
providing favorable conditions for widespread
alteration zones and hydrothermal systems. These
geochemical characteristics highlight the economic
potential of the area, particularly for porphyry Cu-Au
and epithermal Au—-Ag mineralization.

Conclusion

In the Talahoueieh polymetallic deposit, the
exposed rock units mainly consist of Eocene volcano-
sedimentary rocks, particularly tuffs, along with
minor Quaternary deposits, while volcanic (andesite,
rhyolite, dacite) and intrusive (granite, granodiorite)
bodies are limited and scattered. The area is
dominated by pyroclastic units, with intrusive and
volcanic rocks playing a marginal tectonic role.
Extensive hydrothermal activity has produced argillic,
advanced argillic, propylitic, and silicic alterations,
primarily hosted in pyroclastic units and structurally
aligned along a NW-SE trend. This indicates strong
structural control by faults and fractures that served as
fluid pathways. Geochemical features, including low
Nb/Ti ratios, negative Ti anomalies, and high KO,
Al0s, and LILE/HFSE ratios, suggest a continental
arc volcanic environment with a close genetic link to
calc-alkaline and shoshonitic magmas. Magmatic
evolution in the area, driven by subduction-related
processes and arc volcanism, created favorable
conditions for the development of hydrothermal
systems and polymetallic mineralization.
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Table 2. Major element data (in wt%) of whole-rock samples from the Talahoueieh area.

Sample No. Andesite  Andesite  Andesite  Granodiorite ~ Granite  Granite  Granite  Granite  Rhyolite

SiO2 51.86 56.37 62.35 64.12 69.08 69.16 69.92 70.88 73.86
Al203 17.47 16.5 15.5 14.56 14.06 13.39 13.64 13.78 12.09
TiO2 0.89 0.53 0.81 0.75 0.22 0.23 0.22 0.23 0.16
Fe20s 8.61 7.06 5.37 5.24 2.59 2.11 2.36 1.06 1.41
MnO 0.12 0.14 0.07 0.12 0.05 0.13 0.05 0.1 0.07
MgO 3.82 2.13 1.8 1.75 0.66 0.23 0.68 0.08 0.33
CaO 7.52 6.58 3.34 2.98 1.67 3.75 1.9 3.24 2.18
K20 2.58 2.6 3.21 3.31 5.46 1.55 5.47 0.54 6.29
Na20 2.16 2.95 3.7 3.89 3.7 511 3.32 6.98 0.18
P20s 0.18 0.14 0.21 0.17 0.07 0.07 0.07 0.08 0.06
BaO 0.04 0.03 0.05 0.04 0.07 <0.01 0.09 <0.01 0.1

LOI 4.75 4.24 3.5 3.03 1.92 4.2 2.24 2.91 3.25

Mj.:b)b RPRC ‘_g\ﬁ JS S (PPM :\;L D) oleS él.;v 9 oleS ‘_gl.av].aJ_c sosls Y Js-\.?

Table 3. Trace and rare earth elements (REE) data (in ppm) of whole-rock samples from the Talahoueieh area.

Sample No. Dolerite Dolerite Andesite Granite Granite Andesite Granodiorite Andesite
Ba 427 974 517 847 296 361 490 509
Rb 60 173 82 121 96 81 73 100

Sr 450.3 64.5 338.5 120.6 102.7 315.1 203.6 313.2
Cs 3 4.2 4.4 2.2 3.4 2.3 2.2 4.2
Ta 0.5 1 0.5 0.8 0.8 1.1 11 0.8
Nb 114 11.6 9.1 12.8 12.6 15.1 15.8 12.4
Hf 24 25 3.1 1.7 2.1 2.9 3 4.4
Zr 73 45 102 34 40 81 84 123

Y 18.4 15 21.8 17.6 16.4 36.7 29.9 24.1
Th 4.3 13.8 3.8 12.1 115 9.9 9.5 12.1
U 1.3 3.7 1.1 2.4 2.4 2.6 2.5 3.1
Cr 230 12 67 21 12 38 18 33
Ni 69 6 15 10 6 12 5 10
Co 24.4 2 215 3.8 2.4 13.9 8 10.7
\Y 202 9 242 37 33 158 76 139
Pb 6 7 13 5 6 10 6 18
Zn 65 19 127 75 69 147 51 86
Ag <0.1 <0.1 0.2 0.1 0.2 <0.1 <0.1 0.3
As 8.3 13.5 12.1 14.3 13.8 10.3 115 15.1
Be 1.3 15 1.2 15 1.5 1.9 1.8 1.4
Cu 43 7 22 6 10 12 7 50
Li 52 17 43 13 10 47 43 29
Mo 15 2 1.4 2.3 1.6 21 2.5 1.7
Sc 333 <0.5 38.9 5.2 4.9 23.3 15 20.5
Sn 0.6 14 1.2 1.4 15 2.4 2.3 1.6
TI 0.6 1.4 0.6 1.1 0.6 0.4 0.5 0.8
La 23 30 18 34 32 30 30 26
Ce 38 47 28 54 53 52 51 46
Pr 5.34 5.41 4.03 6.4 6.6 7.59 6.98 6.47
Nd 19.3 16.9 16.1 21.4 23 28.1 26 22.8
Sm 4.3 3.2 4.1 4.3 4.4 6.4 5.6 5.1
Eu 15 0.66 1.25 0.8 0.83 15 1.65 1.27
Gd 3.78 251 3.45 3.54 3.28 6.19 5 4.71
Th 0.6 0.4 0.6 0.6 0.6 1.1 0.9 0.7
Dy 34 2.4 3.6 3.1 3 7 5.3 4.5
Er 2.2 1.6 2.4 1.7 2.3 4.3 34 2.9
Tm 0.3 0.4 0.4 0.3 0.4 0.7 0.6 0.4
Yb 1.74 2.05 2.45 1.8 1.84 3.89 3.64 2.87

Lu 0.3 0.3 0.4 0.3 0.3 0.6 0.5 0.5
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Table 1. Results of XRD analysis performed on different alteration zones.

Sample No. 1 2 3 4 5 6
Alteration Argillic Argillic Advanced argillic A:r\é?ﬂfgd Propylitic Silicic
Major Muscovite - illite, albite, Quartz,_m_uscovnte Quartz, kaolml_te, pyrpphylhte, Quartz, kaolinite  Albite, quartz Quartz
phase(s) gypsum, quartz - illite, muscovite - illite

Minor Natroalunite Goethite, hematite diaspore, albite Pyrgphylllte, Chlorits, gpldote| Fluon_te,
phase(s) diaspore calcite goethite
Trace . - Muscovite - Potassium -
phase(s) Potassium feldspar Gypsum illite, rutile feldspar
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Figure 1. A) Geological-structural map of Iran (adapted from Stocklin (1968) and Alavi (1991), with
modifications), showing the Kerman Cenozoic magmatic arc (KCMA); B) Simplified geological map of Kerman

Copper Belt, indicating the location of the Talahoueieh area.
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Figure 2. 1:10,000 geological-structural map of the Talahoueieh area, along with a geological cross-section.
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Figure 3. A) Outcrop view of a pyroclastic tuff sample in the Talahoueieh area (view towards NE); B) Exposure
of a lithic tuff unit with dacitic composition; C, D) Far and close-up views of the lapilli tuff unit; E, F) Hand

specimens of crystal-lithic tuff and dacitic lithic tuff units, respectively; G, H, 1) Photomicrographs under cross-
polarized light (XPL) of dacitic tuff, lithic tuff, and crystal-lithic tuff units.
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Figure 4. A, B, C, D) Outcrops of the agglomerate unit of Eocene age in the central part of the Talahoueieh area,
composed of rock fragments of varying lithology and size.
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Figure 5. A) A view of Eocene andesitic unit in Talahoueieh area (View towards the NE); B) close-up view of the
andesitic unit; C, D) hand specimens of the andesitic unit; E, F, G) photomicrographs under cross-polarized light

(XPL) of the andesitic unit.
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Figure 5. Continued.
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Figure 6. A) Field view of Eocene ignimbrite unit (EA9'9) in Talahoueieh area (View towards NE); B, C)
Close-up views of the ignimbrite unit showing flow texture; D, E) Photomicrographs under cross-polarized
light (XPL) of ignimbrite unit, highlighting flow textures with quartz laminae and volcanic shards.
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Figure 6. Continued.
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Figure 7. A) Outcrop of doleritic dikes; B) outcrop of an andesitic dike; C) outcrop of a rhyolitic dike; D) hand
specimen of a doleritic dike; E) hand specimen of an andesitic dike; F) hand specimen of a rhyolitic dike from

the Talahoueieh area; G, H) photomicrographs (transmitted XPL (Figs. G and I) and PPL (Fig. H) of doleritic
dikes; I) rhyolitic dike.
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Figure 8. A) Field view of an intrusive body in the eastern part of the Talahoueieh area, locally associated with

limestone and causing iron skarn mineralization (View towards SE); B) Close-up view of the intrusive body; C)
Hand specimen of the granitic intrusive; D) Photomicrograph of the granitic intrusive (in XPL).
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Figure 9. Distribution of argillic and propylitic hydrothermal alterations in the Eocene pyroclastic units of the

Talahoueieh area.
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Figure 10. Mineralization in the Talahoueieh area. A) Distant view of copper, lead, zinc, and barite
mineralization; B, C) Outcrops of copper, lead, zinc mineralization, and old mining activities carried out for ore

extraction; D, E, F) Hand specimens of copper, lead, zinc, and barite mineralization; G, H, )
Photomicrographs of copper, lead, zinc, and barite mineralization.
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Figure 10. Continued.

Sl oaomy slaai] 3 sams lis el )5 5L
YT 5 Grpreg b sl G Glaz it yeks Jals
(sbond oS 5 Hlajen Jdod ] glaingy Sl
oLl oo ol (8L sla( Sy s La Sl g9
o398 8 Ll oleSle (LSS w5 (5L
DS e o8 1) ol L s e sleanld g LSL
iie; 50 ol sloom 2 sl 655 sl daaiily
g a2 oo 4yl odguse Sdae mile oL, g BlisS]
sl oS plan 5 ol cdlad )l puitins bLS )|

ol G pase oy
o8] Gl olSinls 5 (LelSS i) (o2 82
5o kol oSt Ol s e logad a9 8og90e
U—" (\Yi J&w ¢\ Jﬁ»)‘_’>) ) 03 )lsd._a SIOz JJ‘))
G sbaild 2l sl (25 il s loged

eSS 0 Py ol GG i s oSl

ey juil
A Sogas ;o (il Gl Kiw plerd oS
Jlre 6LsS LT o laaenST L8, 5 o)ls sl> Lawls
salS LaSw ol o MO el LSLe JolSS Sle
aul,d dslsl busmolis She ol a5 aes o olis
Lo SLS e om0 elS 5 b Gl
Carn and Pyle, ) cewl olice oS 5 )8 oy juiog yd

wTa g ThIYD ol o Ta/YD Jogos &L 5
2 Yb Jlogs g THHF 1, o Ta/HF Jogos Th i,
5 ey sla S <) IS ThiTa
SleassT lackin sujle sbSle a5 ain o sbsS
Oiilhgrd o e Lozl 50 sadl Bogae
JE il oleSle pleS alay 5 (oopildl Dy
ol odal way (o, 8
angad Bogamme yo Sliass] gleSiw cuS 5
5 sl L ST s Cadsyy als b Il gyl
—ln o KO s Th ol 15 CO sla logai anly
ey L SIS leSle (g o sla s SIO2
Peccerillo and ) oo o Las YL L Lwgis
Taylor, 1976; Middlemost, 1994; Hastie et al.,
(DY 3C Y BAY ANY sLa Js__s) (2007
L cel)S oogama ,0 i (9,0 3l slassgs
0598 e aibrard eey Sla el .ayls 158 Ca ye04il S
5 C0-Th § KoO-SiO2 sla,loges ;o Ladiges ol
o Lo oo LiS g pateninr o loged ;500
5l 5 Y ey L LTSS (o laSle 6
ol sloSle LS5 g5 asls 5 Led urke s
5 Sl slocauls 5 cojuil wdsh (L lacg il
Ngy onl el 4B iy 30,85 sy slacdds ) oL e
slo S jea> YL L lwgte puly S 5 L

(REE) cLss’ S Glapaie slocas g (pjuiegy




Vo ohl%es 5 olius Pl

e 3 Jloids g 92N B3 guxe 30 (2154505 b LT Byl g ¢y 33T (S (coui o) § (sl Souw

35 o3 daly Wilgs o aS 3,00 (5 yeS polie oy jail
Wil ciiRa gl 5 el ale ola SIS 0 el
aS o e lii el S LaSw ol 10 P20s
Sl Glee Jolhe po syl el jleT sunms olis
o iy 8l Loy juT ;0 Na2O crwleSle oy y5b
Ll S5l 5 S Mg ol L ast o)l
aS aeo o i |y masie oy, KO oy (o
VT Jleiml y (Saige ity blps pibcos Wiy o

S aeo e slid —uels als, 35 Ca0 (2001
o 5ol 5 M D S 5 s saime L
Goob plas ol ol o 5 SGaw sleeuS 5
Lacs;osl o Al,Os (Wilson, 1989) e wlSl
s oo plas as oyls YL ioleS sle laae lien
S P JS  eetee GRE Ape (nl o L
A o lid el Fer0s cwl anils Sow oloends
B o ol o ya5 Gulaz 5l GB5L (S crl &

10 100
1

ThiYb
1
I

® Granite
X Granodiorite
A Andesite
s ,”‘OR/B B Rhyolite

01
N

N
3

0.01

100
TalYb

|® Granite
X Granodiorite on
) —A  Andesile
M Rhyolite

Active Continental Margin -

ThiHf
3
|
N
\

- Within Plate
Volcanic Zones

0 0.1 0.2 0.3 04 05 06
TaHf

Th

ThiTa

Geotectonic classification of volcanic roculgs — Schandl and Gorton (2002)

N ’
s
s
7
s
& -  Active Continental Margin
s
s
/
// ® Granite
5-’ =1 7z X Granodiorite
| v
// A Andesite
‘ -3 B Rhyolite
(= f/
.
>
7’
o ,’( Within Plate
it Volcanic Zones
7
C
I3
s
o T T T T T
0 1 2 3 - 5 6
Ta
%3]
e ® Granite
X Granodiorite
o _
™ A Andesite
B Rhyolite
Oceanic Arcs
o
o~
&
ctive Continental Margins
o
=7 e
A
Within Plate Volcanic Zones
= E T e e e S
I I I
0 10 20 30 40

Yb

«(Schandl and Gorton, 2002) a3ad5 s5game SliiisT slocw 5lo ) ol Y JSi
Figure 11. Tectonic setting of the volcanic rocks in the Talahoueieh area (Schandl and Gorton, 2002).




V¥ ipslez 5 cead o)led paosils Jlo (5599 sty

V-¥

Middlemost (1994)

A

Tawite/Uttite/ltalite
S o (imnn&" »
X Granadiorite
w ]
O
e®
&
> 2
Efe N
o S8 ¥
&
T 24 P o &
o Qo\"é;'f’@ Q\’é S %
$ S& Monzonite' &
z &, °
© X Monzo Py
diorite
onz: Granite
©: = gabbro -
o =
2 sg £ =3
2 |88 8| 8
8 |&8% o | &
Quartzolite
b T T T T
50 60 70 80 20
Sio,
C SiO,—K,0 plot (Peccerillo and Taylor 1976)
~
® Granite
X Granodioritc u
“ “la Andesite
B Rhyolitc LA
w -
Shoshonite Series
< 4 High-K calc-alkaline
Series
%
2
© -
Calc-alkaline
Series
~ -
® e
Tholeiite Series
= T T T T T T
45 50 55 60 65 70 75

Sio,

TAS (Middlemost 1994)

Sodalitite/Nephelinolith/Leucitolith ® (ranite
X Granodiorite
A Andesite
v
2 Phonolite W Rhyolite
=
Foidite [ &5 X Trachyte
Q &
2 o _| o N
= S So (@
3% ESN Tacny-\ S [®
3 & Y S
P £y andesite P
'& asalt
-aé\ trachy- o m
A7 Srachipdesite \ 1 Rhyolite
i 2 basalt\ 72
gce £ o
2 |28 £ 3
o5 O [o§ < a
S5 o
g Silexite
) T T T T T
40 50 60 70 80 90
SiO,
Co- Th plot (Hastie et al. 2007)
D s
=)
= High-K calc-alkaline
and Shoshonite Series
o
L= ol
=1
c 8 _| Calcalkaline
LoglE = Series
® Granite
2 | Tholeiite X Granodioritq
< Seres A Andcsitc
B Rhyolite
B DR*
= T T T T T T
70 60 50 40 30 20 10 0

Midd|emOSt, ) C«WBAJM (B ‘A :‘5.\_3.300) 6[.&)‘»)9.4;.; SS9y M}Ib)b 5&5».\7u ‘535%:.3 9 ‘535).) ‘_,.1)01 (_gu&w ;«»SJJ ‘Y J&m
(Hastie et al., 2007) .|,Sen 5 s 4 (Peccerillo and Taylor, 1976) ,sls 4 ol yus (D C <1994
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