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1-Introduction

The evolution of Neo-Tethys, related to the Alpine-Himalayan orogenic belt in Iran, is known as the Zagros
orogeny, and the Urumieh-Dokhtar is its magmatic arc (Alavi, 1994). The Hashemabad Cu deposit is
located in the SE part of Esfahan province (Naein), in the central Iran Zone and within Cretaceous volcanic
rocks, which are located between the Yazd subzone and the Urumieh-Dokhtar magmatic arc. This system
is a part of the Naein-Ardestan basin, which consists of Cretaceous sub-seafloor lava, volcano-sedimentary,
and ultrabasic rocks that formed in the extensional environment. This complex is a part of the Neotethys
formation stages (arc, back-arc, collision to post-collision) from Mesozoic to Neogene (Dercourt et al.,
1986) and located in a tectonic zone (strike-slip fault systems) adjacent to Urumieh-Dokhtar magmatic arc.
In other words, the subduction of the Neotethys oceanic plate under the western parts of the Sanandaj-Sirjan
zone has led to the formation of back-arc extensional environments in the Cretaceous (Central Iran) and the
subsequent ophiolitic sequence (Naein ophiolitic belt) (Hassanzadeh and Wernicke, 2016). Based on this,
due to its location on the outer edge of the magmatic arc (Paleocene and later) and its proximity to the
ophiolitic complex (Cretaceous), in terms of metallogenesis, this area can host various types of ore types,
such as epithermal, porphyry, massive sulfide, mantle, etc. ( Heidari et al., 2023). Therefore, understanding
the geological environment, structure, alteration, and its relationship with different types of copper deposits
in the Cretaceous-Oligomiocene can play an essential role in better identification of hydrothermal-
magmatic deposits in this area and provide a base for further studies and advancement of exploration goals.
Therefore, in this article, we give an overview of the geology, structure, and formation environment of
Hashemabad in the volcanic units attributed to the Cretaceous and then present alteration, mineralization,
and geochemistry.

2-Material and methods

The geological map 1:5000 was used as a base for sampling mineralization and alteration at the
Hashemabad deposit. Petrographic studies were conducted on 20 samples from unaltered host rocks,
hydrothermally altered (8 XRD), and mineralized siliceous veins (15 samples). Also, 49 samples were
analyzed (ICP_EOS method) in Zarazma Mineral Materials Study Company to investigate trace elements.
Aster images and ENV148 software were used to process data and highlight alterations and their relationship
with structures and rocks. The distribution pattern and geochemical behavior of copper and other elements
were used by the results of 187 samples from 200*200m grid litho-geochemistry.

3-Results and discussions

Main altered and metamorphosed rocks in this area include Middle-Upper Cretaceous basaltic lava,
andesite, basaltic andesite, rhyolite and rhyolitic tuff, and younger subvolcanic masses which emplaced
about strike-slip faults. Andesite and basaltic andesite, which are well distributed in the whole area, are the
primary hosts of copper mineralization. Propylitic, argillic, sericitization, silicification, carbonatization, and
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sulfidation are the main alterations that are well distributed along faults and fractures. However, the
intensity of silicification and carbonatization increased in proximity to the mineralized zone. Ore
mineralization is generally simultaneous with the bedding of host basaltic andesite lava in the form of
disseminated and lens shapes. It has been observed with stratabound geometry along local and cross-cutting
faults. Ore minerals have vein-veinlets, open space filling, disseminated, and replacement textures. Ore
minerals include chalcocite, bornite, chalcopyrite, and pyrite, and secondary minerals such as covellite,
secondary chalcocite, malachite, hematite, goethite, and azurite. The results of systematic lithogeochemical
studies and their processing and analysis in the Hashemabad exploratory area all indicate the occurrence of
copper mineralization. Geochemical studies in this area proposed high potential and enrichment of Cu
mineralization. Lead and zinc elements also have relatively significant amounts and are considered
anomalous. The quantity of molybdenum is also substantial. The presence of rather good amounts of gold

in tuff units containing jasper and in the place of argillic alteration is one of the unique features of this area.

4-Conclusion

Accordingly, due to the tectonic setting, host rock lithology, structure and texture, mineralogy, alteration,
paragenesis, and geochemistry data of the Hashemabad area, this deposit could be considered a type of
copper deposit.
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and alkali feldspar, matrix is composed of fine- grained quartz (Qz), altered feldspar, chlorite (Cl) and opaque mineral
(pyrite) and (c) Altered and oxidized lithic tuff accompanied with plagioclase and alkali feldspar.
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Fig. 4. (a) Image from green to gray colored Kbr unit (view to NW), (b) Hand specimen from this unit with porphyry
texture and andesite lithology, (c) Microscopic photo from chloritization and epidotization of plagioclase phenocryst in
matrix including altered fine- grained quartz and plagioclase accompanied by opaque mineral and (d) Hornblende

phenocryst (Hb) with cleavage and plagioclase altered to epidote and Fe- oxide, (¢) Outcrop of Kbt unit and (f)
Microscopic photo from crystal habit of plagioclase and carbonatized and oxidized mafic minerals (probably pyroxene).
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Fig. 5. (a) Outcrop of K unit and its relationship with K& unit (view to SW), (b) Hand specimen from plagioclase
phenocryst in K unit, (c) Microscopic photo from quartz, alkaline feldspar and carbonatized plagioclase in altered matrix

along with weak tension, (d) Outcrop of Kar unit, (¢) Hand specimen from this unit including porphyry texture and highly
silicified and (f) silicification of plagioclase and replacement of opaque mineral with iron oxide.
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Fig. 6. (a) Light- colored K& unit which sometimes is changed to tuff, (b) Hand specimen from K unit with porphyry
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Fig. 7. (a) Outcrop of Kl unit and its contact with Kat and Kv units (view to NE), (b) Close view from crystalized limestone
containing chert and iron oxide, (c) Jasperoid lenses below of the Kl unit, (d) Close view from jasperoid part, (e) General
view from Kv outcrop in eastern part of area (view from NE to SW), (f) Andesitic- basalte unit affected by argillic and

propylitic alterations and (g and h) Transmisiom microscopic photos including plagioclase and Alkali feldspar phenocryst
along with calcite and quartz secondary mineral.
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Fig. 8. (a) Outcrop from gd unit with diorite to granodiorite lithology (view to S), (b) hand specimen from this unit with
microgranular texture and (c and d) Plagioclase, alkali feldspar, quartz, and hornblende with granophyre texture which
replaced by epidote (Epi), chlorite (Chl), calcite (cal) and opaque mineral.
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Fig. 9. (a) Propylitic, argillic, carbonated and silicification alterations along with structures, sub- volcanic and ore
horizons, (b) Propylitic (Pro) and argillic (Arg) alternation, (c) Close view from alteration patch in light- colored host
rock, (d) Close view from epidotization, chloritization and carbonatization in propylitic alteration zone, (e) Outcrop from
iron oxide, silicification, and argillic alteration without mineralization along structure, (f) Outcrop of chloritization,
carbonatization, silicification, Fe oxidization and sulfidation (ore) in dark green- colored basaltic andesite, (g) Hand
specimen from silicification, carbonatization, sulfidation and non sulfidation (goethite and malachite) in ore- bearing

samples and (h) Microscopic photo from silicification (Qz), carbonatization (Ca) and sericitization (Ser) around opaque
minerals.
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Fig. 10. (a) Outcrop view from lensed- shape ore- bearing horizon in Kv unit (basaltic andesite) in which quartz, Fe-
oxide, carbonate, chlorite and epidote are accompanied by mineralization (view to W), (b) Small outcrop from ore-
bearing lense (including malachite) in Kv unit, (¢) Hand specimen from ore- bearing vein (malachite) along with quartz-
carbonate- chlorite- epidote alterations in features of Kv unit and (d) Close view from high-grade veinlet including

chalcocite, chalcopyrite, pyrite, covellite and malachite.
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Fig. 11. (a) View of ore- bearing horizon in limestone (KI) unit including Fe oxide, (b) Close view from replacement of
surface features of KI unit with dark Fe oxide and rarely malachite in central part of these features, (c) Ore- bearing sample
(malachite, pyrite and chalcopyrite) including quartz, carbonate, jasperoid and Fe oxide (goethite) in contact of Kl and
Kv units, (d) Ore- bearing veinlet including quartz and Fe oxide in limestone unit, (¢) Hand specimen from ore
mineralization in contact between Kl and Kv units which consist from chalcocite, bornite and malachite, (f) View from

ore- bearing tuff in Kv unit, (g) Outcrop and (h and k) close view from silica vein and (I) Cu- bearing vein consist of
Malachite, pyrite and chalcopyrite in hand specimen.
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Fig. 12. Microscopic photos from replacement of main mineralization stage. (a) Opaque mineral (chalcopyrite, Cpy) in
fine- grained quartz along with cream to white carbonate in matrix, (b) Amphibole crystal which altered to calcite, chlorite,
and sericite along with opaque mineral which oxidized to goethite, (c) Opaque mineral (chalcopyrite) with coarse- grain
quartz, calcite and Fe oxide. Sericite is formed among spaces between quartz crystals, (d) Chalcopyrite is replaced by
chalcocite and also replaced by Fe oxide (goethite and minor lepidocrocite) and malachite via weathering process and (e,
f, g) Disseminated bornite (Bn), chalcopyrite (Cpy) and pyrite (Py) which replaced by covellite (Cv), chalcocite (Cc) and
Fe oxide.
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Fig. 13. Paragenetic sequence of minerals in Hashemabad.
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Table 1. Raw statististica data from some analyzeelements in lithogeochemistry samples.

Statistics
Ag Al As Ba Ca Cd Co Cr Cu
N  Valid 197 197 197 197 197 197 197 197 197
Missing 0 0 0 0 0 0 0 0 0
Mean 0.43 61104.05 191 132.65  32542.65 0.25 11.22 23.84 401.76
Std, Deviation 0.17 16369.60 0.35 410.68  29584.60 0.38 8.61 20.99 1683.55
Skewness 5.14 -1.64 2.05 12.77 1.21 12.69 0.88 3.59 6.42
Kurtosis 40.07 3.22 9.51 172.65 0.33 168.72  0.08 16.49 43.34
Minimum 0.24 3644 1.2 8 2725 0.17 0.75 5 2
Maximum 2.00 97125 4.2 5684 100133 5.30 39.00 156 12976
Statistics
Fe K La Mg Mn Mo Ni Pb S
N  Valid 197 197 197 197 197 197 197 197 197
Missing 0 0 0 0 0 0 0 0 0
Mean 46051.31  2675.27 4.06 13733.00  970.06 0.81 10.73 7757 311.82
Std, Deviation 21365.62  2362.89 2.18 5641.25 598.60 0.60 8.24  963.30 339.86
Skewness 0.54 2.45 2.43 -0.36 0.83 4.18 2.25 14.03 5.09
Kurtosis 0.13 8.08 8.15 -1.13 0.16 20.85 599 196.85 30.79
Minimum 0.13 123 1 1893 76 0.37 3 3 98
Maximum 100133 16177 16 20133 2734 5.20 52 13527 2761
Statistics
Sh Sr Ti U Vv Y Yb Zn Zr
N  Valid 197 197 197 197 197 197 197 197 197
Missing 0 0 0 0 0 0 0 0 0
Mean 0.80 179.37  3318.87 9.84 97.02 21.75 2.53 95.85 41.71
Std, Deviation 0.05 128.34  1341.34 5.39 90.10 8.09 0.73 28440 17.98
Skewness 0.63 1.97 -0.18 0.77 1.42 -0.03 -044 1195 0.16
Kurtosis 1.21 4.42 -0.27 0.24 2.52 -0.44  -0.02 156.70 -0.25
Minimum 0.68 26 135 3.75 5 3 0.5 0.75 3.75
Maximum 1.01 784 6860 28.00 533 44 4.4 3849 90
T SOT I PR TN I E YT A COMOV SR [ DU E P g PR
Table 2. Spearman correlation from raw geochemical data.
Ag As Cd Co Cr Cu Fe Mo Ni Pb S Sh Zn
Ag 1

As 0.158 1

Cd 0.113  0.205 1

Co 0316 0.162 0.339 1

Cr 0.155 0197 023  0.599 1

Cu 0311 0344 0339 0.616 0.423 1

Fe 0.341 0261 0328 0.824 0.422 0.552 1

Mo 005 0345 (036 0192 0019 0042 0071

Ni 0.155 0.09 0.208 057 0.843 0.364 0.273 0(;78
Pb 0.343 0.286 0.342 0.691 0.4 0472 078 0.023 0.319 1

S 0.058 0.282 0.188 0.141 0.037 0421 0 623 0.129 1

0.069 0.3 0.076 1

0.068 0.018

Sb 0.158 0184 014 0233 014 0.181 0.347 0.027

Zn 0.459 0.148 0.342 0.668 0.326 0.563 0.577 0.330  0.487 0.178 1

0.234 0.126
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Table 3. KMO and Bartlett test of sphericity in normalized geeochemical data.

KMO and Bartletts Test

Kaiser-Meryer-Olkin Measure of Sampling 0.704
Approx. Chi-Square 733.051
Bartletts Test of
Sphericity af 45
Sig. 0.000

6,551 5 JUT 51 Jols il lg sloosls -F Jgax
Table 4. Varizance data resulting from factor analysis.

Total Variance Explained

Component

O© oo N Ok WN -

[N
o

Initial Eigenvalues Extraction Sums of Squared Rotation Sums of Squared Loadings
Loading
Total % of Cumulative  Total % of Cumulative  Total % of Cumulative
Variance % Variance % Variance %

3.49 34.91 34.91 3.49 34.91 34.91 3.11 31.09 31.09
1.80 18.00 52.91 1.80 18.00 52.91 1.89 18.88 49.97
1.17 11.70 64.61 1.17 11.70 64.61 1.46 14.64 64.61
0.91 9.08 73.69
0.67 6.69 80.37
0.64 6.37 86.75
0.56 5.60 92.34
0.36 3.62 95.96
0.25 2.55 98.51
0.15 1.49 100.00

655556 5T 51 ol il s (slnosls 0 Jpor
Table 5. Rotated component matrix in Area.

elements Component
1 2 3

Ag 0.519 0.142 0.067
As 0.404 0.595 0.049
Cd -0.029 0.189 0.919
Cu 0.628 0.134 0.418
Mo -0.001 0.764 0.110
Pb 0.605 0.322 -0.094
S -0.023 0.846 0.027
Zn 0.629 -0.155 0.630
Fe 0.885 0.030 -0.013
Co 0.858 -0.181 0.141
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Table 6. Comparing the characteristics of Hashemabad deposit with Keshtmahaki and Darreh-Takht manto type deposits.

Andesite, trachyandesite,

Features Keshtmahaki Darreh Takht
Trachyandesitic to
Host rocks  basaltic Crystal lithic

Texture and

tuff
Open space filling, vein-
veinlet, replacement,

and basaltic andesite

vein-veinlet, Open space

structure laminated-like, filling, disseminated
disseminated
Geometry Stratabound Stratabound
Tec_tonlc Sanandaj-Sirjan Zone Sanandaj-Sirjan Zone
setting
ach;st rock Lower Cretaceous Eocene
Plutonic Not observed Observed
rocks
Pyrite, chalcopyrite,
Chalcocite, bornite, bornite, chalcocite,
native copper, digenite, covellite, pyrargyrite,
Mineralo chalcopyrite, covellite, proustite, tetrahedrite,
9y anilite, Ag-bearing malachite, azurite, cuprite,
clausthalite, Ag selenide, brochantite, native copper,
pyrite, malachite, azurite  magnetite, hematite,
goethite, limonite
. . chlorite, epidote, sericite,
Alteration Quartz, calcite, chlorite, carbonate, quartz, Fe

epidote, zeolite

oxide

Hashemabad

Andesite to basaltic andesite

vein-veinlet, Open space filling,
disseminated, replacement

Stratabound
Central Iranian Zone

Lower Cretaceous

Observed

Chalcocite, bornite, chalcopyrite, pyrite,
covellite, secondary chalcocite,
malachite, hematite, goethite, azurite

Propylitic, argillic, sericite, quartz,
carbonate, sulfidation
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Table 6. continued

atmospheric waters into
the deeper depth and its

proximity to the intrusive
elements from the rocks

during upward movement,
and deposition of minerals

Syngenetic-epigenetic

Penetration of atmospheric waters into
the deeper depth and its heating due to
the proximity to the intrusive rocks,
leaching and transportation of copper and
other element by hydrothermal fluids and
migration to upward, and finally,
deposition of minerals in appropriate host
units

Manto type

Genesis Syngenetic-epigenetic Syngenetic-epigenetic
Penetration of
Remobilization of
copper by diagenetic
hydrothermal fluids heating due to the
Genetic resulting from medium-
depth burial and their rocks, leaching of
model .
movement to areas with
high permeability and
deposition in appropriate
host units in the fault paths and
joints
Type of ore  Manto type or volcanic
deposits red bed type Manto type
References Boveiri Konari et al. Zandkhanian, 2017
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Table 7. Comparing the characteristics of Hashemabad deposit with Volcanic Red bed, Manto, and Michigan-type Cu

Volcanic Red Bed

Features (VRB) Michigan type
Tec_tonlc Contln_ental arc, Continental rift
setting volcanic arc

Amygdaloidal lava Amygdaloidal
Host rocks . basalt and

and pyroclastic rocks

conglomerate

Host rock . . .
age Proterozoic-Tertiary ~ Paleozoic
Geometry Stratabounad and Stratabounad

Texture and

Lensed shape
Open space filling,
vein-veinlet,

Disseminated,

structure replacement, vein-veinlet
disseminated
Chalcaocite, bornite, .
. T Native copper,
tenantite, digenite, . .
. cuprite, malachite,
. chalcopyrite,
Mineralogy ; . Chrysocolla,
covellite, native .
. ; native Ag,
copper, disseminated .
chalcocite
Ag
Albitization o
L ' Calcitization,
sericitic, e
S zeolitization,
. silicification, L
Alteration . chloritization,
calcitization, L
L epidotization,
chloritization, P e
o silicification
epidotization
Example g/llj Zl:Stt élxsggre, Keweenaw (Chile)
. White, 1968;
References Cabral, 2007; Wilton Bornhorst and

and Sinclair, 1988

Mathur, 2017

Manto type

volcanic arc

Intermediate
pyroclastic rocks
and basaltic lava

Proterozoic-
Triassic, Mesozoic

Stratabounad and
Lensed shape

Disseminated,
Open space filling,
Laminated

Bornite, chalcocite,
chalcopyrite,
digenite, covellite,
tetrahedrite, native
copper

Silicification,
calcitization,
chloritization,
epidotization

Buena Speranza and
Mantos Blancoz
(Chile)

Maksaev et al. 2003;
Oliveros et al. 2008

Hashemabad deposit

Back arc basin

Andesite to basaltic
andesite

Lower Cretaceous

Stratabounad

Vein-veinlet, open space
filling, disseminated,
replacement

Chalcocite, bornite,
chalcopyrite, pyrite,
covellite, secondary
chalcocite, malachite,
hematite, goethite,
azurite

Propylitic, Argillic,
Sericitic, Silicification,
Carbonatization,
Sulfidation

Hashemabad
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Stage 1: Volcano-sedimentary deposition at Lower Cretaceous back-arc basin
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Fig. 16. Genetic model for the Hashemabad deposit.
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