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1. Introduction

Sedimentary-hosted copper deposits are recognized as diagenetic deposits, forming after the deposition of
host sediments but prior to lithification (Cox et al., 2007; Mir Hosseini et al., 2021). These deposits are
often polymetallic, containing lead, zinc, silver, cobalt, and occasionally uranium (Hayes et al., 2015;
Khosravi et al., 2024). Typically, stratiform and strata bound, they are associated with clastic or clastic-
carbonate sedimentary sequences. These deposits are classified into three main types: reduced-facies (e.g.,
Kupfer Schiefer), red-bed (e.g., Koroko), and reduced sandstone types (e.g., Spar Lake) (Hitzman et al.,
2010; Ghasemlou et al., 2020). Sedimentary-hosted copper deposits form in diverse environments,
including coastal, lacustrine, shallow marine, and evaporite basin settings. In Iran, such deposits are
distributed across the Tabas Block, Zagros Zone, Central Iran Zone, Sabzevar Zone, and Kopeh Dagh Zone,
occurring in strata from the Precambrian-Cambrian, Late Triassic, Late Jurassic, Early Cretaceous, and
Oligocene periods (Bikdeli et al., 2015; Maghfouri et al., 2020; Salehinasab et al., 2020).

This study investigates the mineralogical, geochemical, and genetic characteristics of the Marouiyeh
sedimentary-hosted copper deposit in the Tabas Block. A detailed analysis of this mineralization provides
critical insights into its temporal and spatial distribution within the Central Iran Zone, offering a valuable
model for future exploration.

2. Materials and Methods

For this study, 40 polished thin sections were prepared for petrological and mineralogical analyses.
Additionally, 15 whole-rock samples were analyzed at Zarazma Laboratory using X-ray fluorescence
(XRF) to determine concentrations of major and minor elements. Twenty-one samples were further
analyzed by inductively coupled plasma mass spectrometry (ICP-MS) to quantify major, minor, and trace
elements.

3. Results and Discussion

The Marouiyeh sedimentary-hosted copper deposit is located 50 km southeast of Kerman and 10 km east
of Mahan, within the 1:100,000 geological map of Kerman (Sabzehei, 1995). Structurally, it lies within the
Central Iran Zone (Stocklin, 1968). The deposit is hosted primarily in Late Jurassic red sandstone and shale,
with localized gypsum occurrences (Sabzehei, 1995). Copper mineralization occurs in at least four horizons
between sandstone and shale layers, manifesting as malachite and azurite, with chalcopyrite, bornite, and
neotocite observed locally. These horizons, ranging from 0.3 to 1.5 m in thickness and spaced
approximately 500 m apart, exhibit a northeast-southwest strike and dip 45-52° southeast. Field
observations indicate that copper mineralization is concentrated where red sandstones transition to grayish-
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green sandstones or shales, often associated with fossilized plant remains and coal deposits. Copper
minerals, such as malachite and chalcocite, are prevalent around plant fossils, suggesting mineralization
developed in environments transitioning from oxidizing to reducing conditions. Ripple marks in red
sandstones, abundant red clastic sediments, and plant fossils collectively indicate a continental detrital
depositional environment (Bikdeli et al., 2015). Comparative studies (e.g., Hitzman et al., 2010; Reich et
al., 2013; Salehinasab et al., 2019; Khosravi et al., 2019; Rajabzadeh et al., 2020) categorize these
mineralized sandstone horizons into three types based on diagenetic and alteration processes: (1) an
oxidized red horizon enveloping reducing horizons above and below; (2) a leached gray horizon,
representing altered red-bed sequences; and (3) a mineralized reducing horizon, typically forming lenticular
bodies within leached reducing zones, particularly where plant fossils accumulate. Microscopic
examination of sandstones reveals a granular texture with well-sorted to moderately sorted, fine- to
medium-grained sand. Primary minerals include quartz, chert, volcanic rock fragments, feldspar, opaque
minerals, muscovite, sericite, biotite, chlorite, and iron oxides. Based on Folk’s (1980) classification, these
sandstones are predominantly litharenite, with minor sublitharenite occurrences. Ore minerals include
malachite, azurite, pyrite, chalcopyrite, bornite, hematite, and magnetite, occurring in disseminated,
replacement, and fracture-filling textures. Chemical analyses reveal average grades of 1.34% copper, 129
ppm lead, and 90 ppm zinc. Host sedimentary rocks comprise shale, wacke, litharenite, sublitarenite, and
iron-rich sandstone, exhibiting intense chemical weathering, likely influenced by warm, humid climatic
conditions during deposition.

4. Conclusion

Petrographic and geochemical evidence from the Marouiyeh sedimentary copper deposit elucidates its
formation mechanisms. The deposit is characterized by red sandstone and shale layers indicative of an
oxidizing environment, with interbedded gypsum and anhydrite suggesting chloride-rich fluids. Fossilized
plant remains are abundant, with significant copper enrichment around organic residues. Copper
mineralization is primarily associated with green and gray shales or limestones, indicative of reducing
conditions. The ore mineral assemblage includes carbonates (malachite, azurite, neotocite), sulfides
(chalcopyrite, bornite), oxides (hematite, magnetite), pyrite, and iron oxides. The formation of the
Marouiyeh copper deposit is attributed to early diagenetic processes driven by the decomposition of organic
matter, producing humic acids. These acids facilitated silicate mineral hydrolysis, releasing metal ions into
an oxidized, chloride-rich fluid. The dissolution of evaporite minerals, such as gypsum and anhydrite,
increased fluid salinity and chlorinity, promoting metal-bearing chloride complexes. As the enriched
oxidizing fluid migrated through permeable sandstone layers, it encountered organic-rich, reducing zones
within shales or limestones. The interaction between oxidizing and reducing fluids destabilized chloride
complexes, precipitating copper and associated metals (Azizi et al., 2018; Rajabzadeh et al., 2020;
Arjomandzadeh et al., 2020). Sedimentological evidence suggests the host rocks formed in a meandering
river environment with sandy deposits influenced by tidal processes. The sequence includes red sandstones,
immature gray and green sandstones, upward-fining successions, ripple marks, and abundant plant fossils,
indicating a high-energy continental setting with significant chemical weathering under warm, humid
conditions. Copper mineralization is predominantly localized in the lower reaches of paleochannels and
organic-rich zones, consistent with reducing conditions that facilitated metal precipitation.
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Fig. 3. The geological features of the Marouiyeh copper deposit in the Central Iran Zone: (a) a general view of the
stratigraphic layering of host sandstones and shales (view toward the southwest), (b) an overview of the oxidized red
zone, leached gray zone, and mineralized reducing zone, (c) evidence of plant and coal remnants with associated
replacement by malachite and chalcocite, (d) replacement of malachite, bornite, and chalcopyrite in proximity to plant
fossils, (e) infilling of cavities and fractures with chalcopyrite within limestone fragments, (f) ripple marks in the red
sandstones, indicative of a continental depositional environment, (g) a view of the red sandstone horizon juxtaposed with
the mineralized horizon and gray sandstone, (h) disseminated pyrite and chalcopyrite ores within the red sandstone

horizon, (i) presence of malachite within the mineralized horizon associated with gray sandstone, and (j) existence of
neotocite within the host sandstones of the studied deposit.
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Fig. 4. Microphotographs of the Marouiyeh copper deposit: (a—c) views of quartz fragments (Qz), chert (Cht), volcanic
fragments (V.R.F), feldspar (Fsp), biotite (Bt), muscovite (Ms), sericite, chlorite, opaque minerals, and calcitic and
siliceous cement within the host sandstone (under cross-polarized light, XPL), (d, €) ore minerals including chalcopyrite
(Ccp), pyrite (Py), bornite (Bo), and hematite (Hem) in the studied deposit (under plane-polarized light, PPL), and (f)
alteration of chalcopyrite to malachite and iron oxides (under plane-polarized light, PPL) (Mineral abbreviations from
Whitney and Evans, 2010).
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Table 1. Results of chemical analyses of major elements in the host rocks of the Marouiyeh copper deposit, determined
using X-ray fluorescence (XRF) spectroscopy.

Sample Unite DL M-4 M-8 M-9 M-10 M-11 M-12 M-13 M-15 M-16 M-17 M-18 M-19 M-20 M-21 M-22
SiO2 % 0.01 62.47 75.09 80.1 79.93 79.91 72.61 72.81 63.15 64.84 79.22 63.35 76.94 76.85 78.21 76.85
AlLO3 % 0.01 17.33 8.87 5.85 6.54 5.95 11.62 11.52 7.65 15.93 6.89 7.75 7.39 7.49 7.82 7.28
BaO % 0.01 0.03 0.02 0.02 0.02 0.03 0.02 0.02 0.02 0.04 0.02 0.02 0.01 0.01 0.04 0.01
CaO % 0.01 0.64 3.36 0.21 0.31 0.3 1.46 1.52 0.39 0.69 0.29 0.38 0.5 0.52 0.92 0.52
Fe203 % 0.01 7.31 3.89 1.71 1.77 1.65 534 522 10.65 717 1.81 10.6 321 3.17 1.12 3.22
K0 % 0.01 3.62 1.41 2.1 1.98 2.1 2.18 2.12 1.31 3.23 1.1 1.22 1.16 1.14 1.02 1.18
MgO % 0.01 1.87 1.12 0.41 0.72 0.39 1.26 1.21 0.67 1.64 0.46 0.65 0.57 0.55 0.78 0.56
MnO % 0.01 0.04 0.07 0.01 0.02 0.01 0.04 0.05 0.04 0.06 0.01 0.04 0.09 0.08 0.04 0.09
Na;O % 0.01 0.71 1.11 0.82 0.83 0.78 1.07 1.25 0.71 0.82 0.76 0.7 0.78 0.75 0.85 0.77
P20s % 0.01 0.1 0.11 0.12 0.12 0.11 0.13 0.12 0.11 0.14 0.11 0.11 0.04 0.04 0.06 0.04
SOs % 0.05 0.05 <0.05 0.21 0.15 0.22 <0.05 <0.05 1.13 <0.05 0.25 1.11 0.12 0.13 0.11 0.13
TiO2 % 0.01 0.89 0.55 0.42 0.43 0.42 0.77 0.78 0.55 0.85 0.41 0.51 0.46 0.45 0.75 0.47
Cn0s % 0.01 0.02 0.01 0.01 0.01 0.01 0.02 0.02 0.02 0.02 0.01 0.01 0.01 0.01 0.02 0.01
Cu % 0.01 <0.01 <0.01 4.8 <0.01 4.35 <0.01 <0.01 6.12 <0.01 4.6 6.55 3.99 3.85 <0.01 3.87
Pb % 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.46 <0.01 <0.01 0.52 <0.01 <0.01 <0.01 <0.01
Zn % 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
LOI % 0.01 4.89 4.37 3.02 6.78 3.75 3.45 3.32 6.48 4.56 4.05 6.47 4.71 4.56 7.55 4.85
Total % - 99.97 99.98 99.81 99.61 99.98 99.97 99.96 99.46 99.99 99.99 99.99 99.98 99.6 99.29 99.85
CIA” % - 71.71 60.13 65.14 67.7 65.17 71.16 70.2 76.04 77.07 76.22 77.11 75.18 75.66 73.7 74.67

*CIA= [AL,03/Al,05+Ca0+Na,0+K,0].100
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deposit, determined using inductivel

Table 2. Results of chemical analyses of major, minor, and trace elements in the host rocks of the Marouiyeh copper
coupled plasma mass spectrometry (ICP-MS).

Sample | Unite | DL | MSH-1 | MSH-2 | MSH-3 | MSH-4 | MSH-5 | MSH-6 | MSH-7 | MSH-8 | MSH-9 | MSH-10 | MSH-11
Ag ppm 0.1 0.52 0.25 0.24 0.58 0.91 16.6 56.4 5.7 19.4 30.2 10.1
Al ppm 100 13464 12207 10930 8305 9891 35457 36900 41265 31659 31801 42904
As ppm 0.5 75.8 11.1 13.5 51.8 122 57.2 73.6 99 85 42.6 99
Ca ppm 100 14528 4954 2461 31345 7350 6069 2957 5339 4639 6983 3670
Cd ppm 0.1 0.24 0.19 0.17 0.2 0.25 0.5 0.5 0.9 0.9 0.5 42
Ce ppm 1 6 5 5 5 5 47 44 51 44 43 49
Co ppm 1 27 24 18 39 13 106.7 453 31.6 89 20.8 120.4
Cr ppm 1 22 20 21 9 17 47 38 45 30 37 44
Cu ppm 1 4837 1035 757 5543 1641 17101 33796 15925 25878 20615 26126
Fe ppm 100 39452 27856 30600 28245 27341 27021 20886 24643 26433 20140 30935
La ppm 1 2 2 2 2 2 20 19 23 19 20 23
Li ppm 1 22 23 22 16 20 30 44 39 31 37 28
Mg ppm 100 7599 6608 5642 6498 7573 4348 3585 3502 2748 3368 4289
Mn ppm 5 1076 539 460 1809 487 767 239 122 433 294 565
Mo ppm 0.5 3.9 0.55 0.58 0.72 0.58 6.3 2.7 2.4 43 3.7 1.8
Ni ppm 1 39 31 27 24 25 36 23 27 20 17 35
P ppm 5 507 394 396 402 401 402 406 413 348 380 409
Pb ppm 1 22 14 13 21 5 76 70 145 107 36 167
S ppm 50 211 83 82 932 117 1630 743 1316 673 855 388
Sb ppm 0.5 0.93 0.86 0.94 0.9 0.91 0.8 1.3 1.1 0.8 0.5 5.8
Sc ppm 0.5 4.6 3 2.9 43 2.7 6.3 5.5 6.7 4.7 52 6.9
Th ppm 0.5 3 33 33 32 33 6.7 6.4 6.5 6.5 6.5 7.6
v ppm 1 28 21 23 13 19 2.5 2.7 2.9 3 23 33
Y ppm 0.5 5 4 4 6 4 10.6 9.5 12.3 9.1 8.2 14.6
Yb ppm 0.2 0.5 0.3 0.3 0.6 0.3 0.97 0.76 1.13 0.73 0.71 1.24
Zn ppm 1 120 74 70 82 80 82 57 59 65 56 157
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Table 2. Continued.

Sample | Unite | DL | MSH-15 | MSH-16 | MSH-17 | MSH-18 | MSH-19 | MSH-20 | SH1 | SH2 | SH3 | SH4
Ag ppm | 0.1 42 0.54 1.14 0.74 3.9 9.1 185 | 9.1 48 | 221
Al ppm | 100 | 9178 14268 | 11194 12597 11909 14715 | 6989 | 9244 | 8955 | 6545
As ppm | 05 | 908 60.2 137.6 813 125.5 713 989 | 5007 | 214 | 1563
Ca ppm | 100 | 64468 3005 4668 5001 7405 7462 | 13656 | 18628 | 11841 | 6291
cd ppm | 0.1 038 0.7 1 038 1.1 038 025 | 07 | 018 | 028
Ce ppm | 1 4 2 5 3 3 3 5 8 8 7
Co ppm | 1 102 101 164 133 144 129 48 33 21 13
Cr ppm | 1 11 22 19 19 19 21 13 19 20 15
Cu ppm | 1 17126 5607 11158 9777 25277 9924 | 10443 | 12054 | 9985 | 16219
Fe ppm | 100 | 23411 | 36178 | 34430 | 34738 38198 38785 | 22806 | 25505 | 25830 | 17876
La ppm | 1 3 2 4 2 3 2 2 3 3 3
Li ppm | 1 4 6 5 5 5 6 8 11 10 8
Mg ppm | 100 | 4122 5410 3537 4387 3571 4775 3171 | 5687 | 4971 | 3630
Mn ppm | 5 923 750 1475 1281 1530 984 731 608 | 464 | 511
Mo ppm | 05 | 089 0.87 0.96 0.88 0.94 0.87 069 | 063 | 077 | 068
Ni ppm | 1 32 50 45 42 45 43 28 28 27 18
P ppm | 5 765 515 592 593 626 565 362 | 365 | 382 | 233
Pb ppm | 1 79 61 98 76 95 64 1449 | 58 21 35
s ppm | 50 394 197 579 186 229 439 584 | 232 | 254 | 406
Sb ppm | 0.5 | 1.05 1.06 1.1 1.07 1.08 1.03 095 | 101 | 095 | 097
Se ppm | 05 3.9 46 3.9 45 46 47 3.1 3.1 238 2
Th ppm | 05 6.6 4.1 45 44 45 4.6 5 5 5 5
v ppm | 1 14 23 18 19 19 26 13 25 22 13
Y ppm | 05 5 5 5 5 5 5 4 5 4 3
Yb ppm | 02 0.5 0.5 0.5 05 0.5 05 03 0.4 0.4 03
Zn ppm | 1 86 85 79 83 96 91 88 188 92 105
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Fig. 5. Geochemical diagrams of the Marouiyeh copper deposit: (a) ternary diagram of base metals, (b) classification of
host rocks in the log(Si02/Al205) versus log(Na20O/K-0) diagram (Pettijohn et al., 1972), (c) ternary diagram for assessing
weathering intensity (Nesbitt and Young, 1982), (d) diagram for determining climatic conditions (Suttner and Dutta,
1986), (e) TiO: versus AlOs diagram (Paikaray et al., 2008), and (f) Co/Th versus La/Sc diagram (Gu et al., 2002) for
evaluating the origin of the host sedimentary rocks.
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