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Extended Abstract

Introduction

Manto-type (sediment-hosted) copper (Cu—Ag) deposits are of high economic and metallogenic
importance due to their relatively high metal grades and significant contribution to copper production,
particularly in the Central Andes (Wilson et al, 2003; Oliveros et al, 2008). These deposits are widely
distributed along the circum-Pacific and Himalayan—Tibetan belts (Shen et al, 2020). In Chile, manto-
type deposits are considered the second most important Cu deposits after porphyries (Wilson and
Zentilli, 1999). In Iran, sediment-hosted copper deposits hosted in volcanic-sedimentary rocks,
classified as manto-type deposits, are distributed across several structural provinces, including the
Sanandaj-Sirjan, Urmieh-Dokhtar, Alborz, Sabzevar, Central Iran, Kopet Dagh, Tabas Block, and Lut
Block (Salehi and Rasa, 2016; Maghfouri et al, 2020; Movahednia et al, 2022). The Darreh Takht Cu
deposit is located in Lorestan Province within the Sanandaj—Sirjan structural-metasedimentary belt.
This study aims to investigate the mineralogical, alteration, and geochemical characteristics of Cu
mineralization and to elucidate the formation pattern of this deposit within the framework of manto-
type Cu systems.

Materials and Methods

To investigate the Cu mineralization at the Darreh Takht deposit, a large-scale geological map was
prepared based on satellite imagery, field surveys, and integration with the 1:100,000 geological maps
of Aligudarz (Soheili et al, 1992) and Dorud (Goodarzi, 2002). Systematic sampling of host rocks and
ore was conducted according to lithological variations, alteration intensity, and mineralogy. For
mineralogical and textural studies, thin sections, polished sections, and thin—polished sections were
prepared and examined microscopically. Mineral identification was carried out using X-ray diffraction
(XRD), while the chemical composition of ore minerals was determined using electron probe
microanalysis (EPMA). Geochemical analyses of least-altered host volcanic rocks were performed for
major and trace elements using XRF and for rare earth elements using ICP-MS. These datasets formed
the basis for interpreting mineralization characteristics and reconstructing the formation model of the
deposit.
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Results and Discussion

The Sanandaj—Sirjan zone, with a length of approximately 1,500 km and a width of 150-250 km,
extends from southeastern Iran (cities of Sirjan and Esfandgeh) to the northwest (Urmia and Sanandaj)
and is considered one of the most important metallogenic regions of the country (Mohajjel and
Fergusson, 2014). This zone comprises metamorphosed sedimentary, volcanic—sedimentary, and
intrusive igneous rocks, ranging in age from the Paleozoic to the Mesozoic, and forms part of the
Sanandaj—Sirjan metamorphic shear zone within the Zagros thrust-fold belt (Sarkarinejad and Azizi,
2008). Its tectonic evolution from the Late Paleozoic to the Middle Triassic involved faulting, carbonate
deposition, basaltic lava flows, and coeval sedimentation, reflecting an extensional regime associated
with the separation of the Central Iran block from Gondwana and the opening of the Neo-Tethys oceanic
basin. The Early Cretaceous volcanic—sedimentary sequences in the southern part of the zone host
Manto-type stratabound deposits, including Keshte-Mahki, Kal-Rizeh, Northeast and East Hassanabad,
Khvorjan, and Simkan (Movahednia et al, 2020). The Darreh Takht Cu deposit is situated in the northern
part of the Sanandaj—Sirjan metamorphic belt, adjacent to the Zangros thrust sub-belt, and is hosted in
a Middle to Late Triassic volcanic—sedimentary sequence. The main lithologies include andesitic to
andesite—basaltic flows, pyroclastic units such as crystal tuff and lithic tuff, and Permian carbonate
sedimentary rocks, all generally aligned with the regional structural trend and partially metamorphosed
to green schist facies. Three main rock units were distinguished: volcanic units (andesite to andesite—
basalt), pyroclastic units (crystal tuff, lithic tuff, and agglomerate), and sedimentary units (limestone,
dolomitic limestone, and green schist). Volcanic and pyroclastic units predominantly host Cu
mineralization, and all units are aligned NW-SE along the Sanandaj—Sirjan belt. This lithological
sequence reflects a volcanic—sedimentary environment with low- to medium-grade metamorphism.
Mineralization at Darreh Takht occurs primarily in pyroclastic units (andesite to andesite—basalt) with
sedimentary and metamorphic rocks located in the upper levels. Cu mineralization is mainly vein- and
stringer-type and fills fractures, faults, and voids. The copper mineralization is predominantly vein-
type, stockwork, and cavity-filling, and is structurally controlled by faults, fractures, and joints. The
main factors influencing the mineralization process include: 1) suitable lithology of the host rocks, 2)
effective structural features such as faults, fractures, joints, and related porosity and permeability
characteristics, 3) the circulation of hydrothermal fluids through chemically favorable rocks leading to
copper enrichment, and 4) the presence of granitoid intrusions in the area that provided a thermal
source. Alteration types include chloritic, epidotic, sericitic, silicic, carbonatitic, and Fe-
oxide/hydroxide zones. Chloritic and epidotic alterations are the most widespread and correspond to
early hydrothermal activity, while sericitic and silicic alterations are restricted and associated with late
hydrothermal phases. Mineralogical studies (microscopy, XRD, and EPMA) reveal five main mineral
groups: sulfide Cu—Fe minerals (chalcocite, covellite, bornite, pyrite, chalcopyrite, tetrahedrite), Cu-
carbonates (malachite and azurite), Cu oxides and native Cu (cuprite and native copper), Fe
oxides/hydroxides (goethite and limonite), and gangue minerals (quartz, calcite, and gypsum). The
dominant textures are vein, stringer, disseminated, void-filling, and replacement, reflecting the synoptic
progression of sulfide, carbonate, and oxide mineralization. Geochemical studies of host rocks indicate
andesitic to andesite—basaltic and trachyandesitic compositions, belonging to the calc-alkaline series.
The Zr/Y versus Zr (Pearce, 1979) and Th—Co (Hastie et al, 2007) diagrams classify the rocks as
continental arc-related, consistent with subduction of the Neo-Tethyan oceanic lithosphere beneath the
Central Iranian continental block during the Late Triassic—Early Jurassic. Spider diagrams normalized
to chondrite show enrichment in light rare earth elements (LREE) relative to heavy rare earth elements
(HREE) with positive Sr and Eu anomalies, indicating plagioclase fractionation, high oxidation states,
and crustal contamination of arc magmas. Negative Nb anomalies coupled with Sr enrichment are
characteristic of subduction zone magmas and crustal assimilation. Among base metals, Cu and Ag
show a very high correlation (r = 0.97), indicating a common source and geochemical linkage, likely
due to their occurrence in sulfosalts (tetrahedrite, pyrargyrite, and prostite) and covellite.

Formation Conditions and Genetic Stages

Based on field, petrographic, and geochemical studies, the mineralization and deposit formation can be
divided into three genetic stages:

1. Early diagenesis (primary volcanic-sedimentary stage): Extensive volcanic activity formed
pyroclastic units and lava flows, producing andesitic and pyroxene-andesitic host rocks. Early
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diagenesis also led to thin hematite layers from the breakdown of Fe-bearing minerals (pyroxene and
amphibole).

2. Secondary diagenesis (primary sulfide mineralization): Basin-derived Cu released from Fe—Mg
minerals and altered feldspars migrated and precipitated as primary sulfide minerals (pyrite,
chalcopyrite, and chalcocite) in voids and as disseminated grains. The main source of Cu is the
volcanic—sedimentary host rocks.

3. Uplift and hydrothermal activity (secondary oxide—carbonate stage): Regional uplift and faulting
focused sulfide and oxide—carbonate mineralization along fractures and voids in pyroclastic units.
Hydrothermal fluids of meteoric—magmatic origin formed oxide and carbonate Cu minerals (malachite,
azurite) and Fe oxides/hydroxides in veins and stringers.

Conclusion

Cu mineralization at Darreh Takht occurs along the northern margin of the Sanandaj—Sirjan belt within
andesitic to andesite—basaltic volcanic—pyroclastic sequences. Host rocks are calc-alkaline and related
to a continental arc setting. Mineralization is vein- and stringer-dominated, controlled by tectonic
structures, and post-dates host rock formation (epigenetic and stratabound). The positive Cu-Ag
correlation indicates co-enrichment through metal-bearing hydrothermal fluids. The formation model
comprises a multi-stage evolution from primary volcanic activity, diagenetic sulfide precipitation, to
secondary hydrothermal concentration, demonstrating that Darreh Takht is a typical manto-type Cu
deposit.

Keywords: Sanandaj-Sirjan, stratabound, Dareh — Takht, Manto-type copper deposit.
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Fig. 1: Large-scale geological map of the Dareh-Takht mining area, prepared based on satellite imagery, field
surveys, and the western part of the 1:100,000 Aligudarz geological map (Soheili et al, 1992) and the eastern part
of the 1:100,000 Dorud geological map (Goodarzi, 2002).
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(Siivola and Schmid, 2007) s> 4
Fig. 2: A: Photomicrograph of a porphyritic texture defined by pyroxene and plagioclase phenocrysts set in a fine-
grained to glassy groundmass within the andesitic unit. B: Photomicrograph of pyroxene exhibiting twinning,
associated with opaque minerals and showing a glomeroporphyritic texture in the basaltic andesite unit. C:
Photomicrograph of the lithic tuff unit, characterized by the presence of plagioclase and corroded pyroxene
crystals. D: Photomicrograph of the crystal tuff unit containing fragments of plagioclase, pyroxene, chlorite, and
opague minerals. Abbreviations after Siivola and Schmid (2007): Pl = plagioclase, Px = pyroxene, Cpx =
clinopyroxene, Opg = opaque minerals.
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Fig. 3. A, B: Field photograph of cherty dolomitic limestone and green schists. C: Photomicrograph of mica schists
displaying lepidoblastic to lepidoporphyroblastic textures with weak to moderate preferred orientation.
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Joint and fracture in the ore deposit.
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Fig. 4: Faults and fractures developed within the volcaniclastic host unit of the Dareh-T akht copper mineralization.
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Fig. 5: Alteration features observed in hand specimens and thin sections: A: Field view of chloritic alteration
adjacent to oxidized alteration. B: Photomicrograph showing replacement of biotite by chlorite. C: Hand specimen
displaying epidote alteration accompanied by silicic and chloritic overprints. D: Photomicrograph of epidote
crystals. E: Hand specimen of volcaniclastic rock cut by silica and epidote veinlets. F: Photomicrograph of quartz
and calcite filling open spaces. G: Hand specimen showing iron oxide accumulations associated with
mineralization. H: Photomicrograph of iron oxides associated with malachite. Abbreviations after Siivola and
Schmid (2007): Ep = epidote, Fe-O = iron oxides, Cl = chlorite, Cal = calcite, Qtz = quartz.
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Table 1: Mineral nomenclature based on electron probe microanalyzer (EPMA) geochemical data (wt.%).

No Point Formula Name

14.1, 15.1, 16.1, Native
1 Cu

17.1,19.1 Copper

2 111 Cu20 Cuprite
3 13.1,12.1 AgShSs Pyrargyrite
4 9.1 AgsAsSs Proustite
5 10.1 (Cu,Ag)3SAS,Sb)33» Tetrahedrite

Cu S Ag As Sb
95- <100 <100 <100 <100
98 ppm ppm ppm ppm
88 9 <100 <100 <100
ppm ppm ppm
9324 60-61 <100 <100
ppm ppm
1 23 65 <100 <100
ppm ppm
18 5 17 <100 <100
ppm ppm
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(Schmid, 2007

Fig. 6: A, B: Photomicrographs showing replacement of bornite and chalcopyrite along margins and fractures by
chalcocite and covellite, with chalcopyrite also occurring as disseminated grains. C: Photomicrograph of pyrite
exhibiting preferred orientation. D: Marginal replacement of chalcopyrite by covellite. E, F: Back-scattered
electron (BSE) images of proustite, pyrargyrite, tetrahedrite, and cuprite; numbers on the images indicate the
locations of chemical analyses. G: Photomicrograph of malachite occurring as veins and veinlets. H:
Photomicrograph of native copper as disseminated grains. Abbreviations after Siivola and Schmid (2007): Bn =
bornite, Ccp = chalcopyrite, Cc = chalcocite, Cv = covellite, Mal = malachite, Cu = native copper.
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Table 2: Paragenetic sequence of minerals in the Dareh-Takht copper deposit.
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Table 3: Major oxide concentrations (wt.%) determined by X-ray fluorescence (XRF).

No. sample SiO2 Al203 Fe203
A-1 59.7 17.4 6.8
A-2 484 17.5 5.9
A-3 55.9 16.3 9.3
A-4 56.6 16.7 6.5
A-5 421 18.3 5.9
A-6 55.2 17.4 9.7
A-7 48.6 16.4 6.7
A-8 56.5 18.9 6.7
A-9 57 16.8 7.1
A-10 OF/A 15.3 6.7

Na20

5.4
2.9
35
4.8
2.3

K20 MgO CaO TiO2 LOI
11 1.8 3.8 0.98 3.02
1.01 17 3.4 0.9 19.3
0.9 1.2 3.9 0.9 7

0.8 15 4.8 0.96 7.3
0.8 1.4 35 0.8 24.8
0.4 11 2.4 0.5 9.7
0.4 45 5.7 3.9 6.6
13 3.4 35 0.7 6

1.04 13 3.2 0.8 7.69
0.9 1.8 2.9 0.97 115

(UCP-OES) (g, 4) PPM vz 2 0liaS 5 (28 yolic polie:¥ oo
Table 4: Concentrations of trace and rare elements in ppm (determined by ICP-OES)

No.

A-1l A-2 A-3 A-4
sample
Ag 34 14 5 7.9
Al 7645 3540 9356 5216
As 2 2 1 3
Ba 415 528 448 532

A-5

14

7356

3

598

A-6 A-7 A-8 A-9 A-10
1.2 2.4 15 1.6 13
3.77 4313 9585 8276 3650
3 3 1 1 3
556 627 541 540 596
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Be 21 3.2 6.7 4.3 5.2 6.5 24 3.4 4.2 7.1
Ca 24000 18300 35500 13100 12000 130000 21000 17200 171000 13000
Cd 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Ce 32.7 35.4 30 30.1 34 37.7 29.9 33.5 30.1 32.3
Co 53 4.8 4.2 6.6 2.8 2 4.6 8 7.8 2.7
Cr 1 2 1 2 2 1 3 2 1 2
Cu 1073 352 9004 48753 465 10000 2332 1043 1053 475
Dy 3.08 3.15 2.6 2.7 3.2 31 2.8 31 2.3 31
Eu 13 1.2 11 11 12 12 11 12 13 14
Er 1.8 1.8 1.6 15 17 18 1.6 1.9 17 18
Fe 3600 7100 9300 8250 3415 3548 12101 13500 13520 8240
Gd 34 34 31 3.2 3.4 34 3.2 3.3 34 3.3
Ho 05 05 0.6 0.6 0.7 0.7 0.6 0.7 0.6 0.6
K 34626 28248 16866 35200 38100 37502 36620 42100 15668 22884
La 17.2 19 16.6 16.4 17.5 17.3 14.3 17.4 16.8 17.1
Li 14 16 17 16 11 18 12 17 10 13
Mg 13575 11525 27600 24500 2863 2618 2672 16052 4681 3543
Mn 438 783 584 644 348 482 475 581 325 543
Na 40200 47200 43000 40700 51400 38200 41000 39200 42000 40300
Nb 8 7 9 6 8 6 5 7 7 6
Nd 18.8 19.7 17.4 17.4 19.5 19.8 17.9 18.7 17.6 19.1
Ni 27.8 28.8 26 26.9 30.2 21.7 23.9 24.6 24.7 30.1
P 400 800 640 500 620 200 300 320 200 500
Pb 46 56 38 63 57 25 28 27 26 56
S 0.24 0.24 0.14 0.12 0.26 0.18 0.18 0.14 0.14 0.12
Sr 701 707 653 655 645 553 758 706 604 678
Sm 3.7 3.8 34 35 41 3.8 3.6 3.7 3.2 3.9
Th 4.5 4.7 4.3 4.1 4.6 4.7 4.3 4.4 4.2 4.5
Tb 0.6 0.6 0.51 0.51 0.61 0.6 0.54 0.59 0.53 0.56
Ti 3319 3718 4215 1223 2783 4567 3218 4120 2130 1632
Tm 0.45 0.29 0.26 0.26 0.32 0.26 0.27 0.32 0.28 0.26
U 173 1.52 2.3 343 121 3.55 1.63 1.79 2.37 153
Yb 1.9 1.9 1.6 15 18 1.8 1.6 1.9 15 17
Y 10.4 14.5 9.2 8.7 19 18 15 14 16 19
Zn 120 36 10 13 19 60 49 54 53 18
Zr 129 118 90 96 126 91 89 96 95 116

High-K calc-alkaline
And Shoshonite Series

1000

10

calc-alkaline
Series

Th (ppm)

Tholeiite Series

LU A ()

T T T
70 60 0 40 30 20 10 0

Co (ppm)

HI/3

N -

1 1

.m Ta 10 2100 1000

ledges oS 5 (Middlemost, 1994) (Na20 + K20) il ,0Si02 g0 10 A (258 0,0 o jleilS 005,515 18 (slo K Cuxdge Y S
ISITSIS LeSLo (6w 5 ladiges  oles (Hastie etal, 2007) CO lis ;0 Th (sl foges B sl puiite b 30T b sl 5 Kiwo
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Fig. 7: Location of the host rocks of the Darreh-Takht copper deposit. A: SiO, vs. (Na,O + K,O) diagram
(Middlemost, 1994), showing that the compositions of the rock samples range from andesite to andesitic basalt;
B: Th vs. Co diagrams (Hastie et al, 2007), indicating that all samples fall within the calc-alkaline magma series;
C: Zr vs. Zr/Y variation diagram (Pearce, 1973), as expected, the tectonic setting of the deposit is related to

continental volcanic arcs; D: triangular diagram (Th-Hf-Ta-Zr-Nb) (Wood, 1980), showing that the formation
environment corresponds to continental basalts.
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Fig. 8: A: Spider diagrams of normalized trace and rare elements relative to the primitive mantle (Sun and
McDonough, 1989), and B: spider diagrams of rare earth elements normalized to chondrite (Nakamura, 1974).
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Table 5: Pearson correlation coefficients between rare elements in the Darreh-Takht copper deposit.
Ag 1
As | 034 1
Ba| -01 [ 06 1
Co| 02 | -07]-013] 1
Cul 097 ] 04| 01 [o01] 1
Pb | 03 | 003|-003|-02| 04 | 1
Zn| -03 ] 06 | 043] 02 ] -034[-04] 1
S [ 024] 05[] 03 [-02] 04 02]-01]1
Ag As Ba Co Cu Pb Zn | S
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Table 6: Comparison of the Darreh-Takht copper deposit with Chilean deposits and other similar deposits in Iran.
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