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(agglomerate and tuff) with jasper veins. Disequilibrium textures such as chemical zoning, sieve texture,

Eeemliordzbad copper rounded and gulf-shaped margins are observed in phenocrysts of these rocks. The results of geochemical
deposit, geology, studies show that these lavas belong to high to medium-K calc-alkaline series. The enrichment in LILE

geochemistry, Lut block,
subduction zone.
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and LREE, and the depletion in HFSE and HREE in these rocks suggest active continental margin volcanic
arc magmatism. Based on tectonic discrimination diagrams, Mehdi Abad area lavas are related to a
subduction zone and active continental margin that has been contaminated with crustal material while
ascending to the surface. In this area, copper-rich magma has impacted the earth's surface while ascending
from the subduction zone, creating a set of volcanic rocks with an intermediate composition in the form
of lava and pyroclastics on the earth's surface, which are host rocks for copper mineralization. Copper
mineralization in this area has occurred epigenetically in lava and pyroclastic units with andesitic
composition along with tuff, as well as along faults cutting host rocks. The main ore textures include vein-
veinlets, open space filling, disseminated and replacement. The ores contain primary minerals chalcocite,
bornite, chalcopyrite and pyrite and the secondary minerals covellite, secondary chalcocite, cuprite,
malachite, azurite, chrysocolla, hematite, goethite and limonite. The most important alterations
accompanied with mineralization include carbonatic-silicic, argillic, chloritic, and Fe-oxide alterations
with carbonate-silicic alteration becoming more intense toward the mineralized zones.

Introduction

Iran is part of the Alpine-Himalayan orogenic belt, and many
of its mineral reserves are related to the evolution of the Proto-
Tethys, Paleotethys, and Neo-Tethys oceans (Movahednia et al.,
2022). Therefore, the Tethys orogenic and metallogenic belt
hosts a diverse set of metal deposits such as VMS deposits,
epithermal gold deposits, orogenic gold, skarn deposits,
deposits with volcanic host rocks, and Cu-Mo-Au deposits
(Rahimi et al., 2022). According to studies, the Cenozoic era in
Iran was a period of peak magmatic activity, especially volcanic
activity, the product of which is abundant volcanic and
pyroclastic rocks in different regions of Iran (Castro et al.,
2013). Eocene volcanic activity was one of the most important
geological phenomena of Iran during the Tertiary period, the
effects of which can be seen in most parts of Iran, especially the
Lut block (Sform et al., 2012). The most important feature of

the Lut block that differentiates it from other parts of the central
Iranian subcontinent is the presence of a large volume of
Tertiary magmatism, especially volcanic rocks (Roohbakhsh et
al., 2016). The Mehdi Abad copper deposit is located in
northeast of Birjand, in the South Khorasan Province, within the
Tertiary volcanic zone of the Lut Block (Alavi, 1991). In the
present study, the geological, geochemical, and mineralization
characteristics of the Mehdi Abad copper deposit have been
investigated.

Materials and Methods

In order to investigate the processes affecting the formation
and evolution of Eocene volcanic rocks and copper
mineralization associated with these units in the Mehdi Abad
deposit, sampling was carried out from the study area
simultaneously with field surveys and preparation of 1:1000
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geological map of the area. A total of 38 petrological samples
were taken from the volcanic and pyroclastic units of the area,
and then thin sections were prepared and their petrographic
study was carried out using a polarizing microscope. Among the
above samples, 14 samples with the lowest degree of alteration
were analyzed for major element analysis ICP-OES and for the
measurement of rare earth and minor elements (ICP-MS) in the
Zarazma laboratory. Also, 31 polished sections were prepared
for mineralogy study.

Results and Discussion

The major rock units of the study area have Eocene age and
include andesitic lavas (andesite, trachyandesite, and pyroxene
andesite), pyroclastic units (agglomerate and tuff) with jasper
veins. The pyroclastic unit consists of tuff and agglomerate with
andesitic composition with jasper wveins, indicating the
explosive conditions of the basin (Esmaeili et al., 2022). The
vitric crystal tuff and agglomerate, which are the main hosts of
copper mineralization, are predominantly composed of
plagioclase. In general, the agglomerates of the Mehdi Abad
deposit are of Eocene age and are exposed in different parts of
the area. Based on the apparent color, these agglomerates are
gray to brown in color and are somewhat altered. In the
microscopic sample, abundant veins and veinlets of quartz and
calcite are found in them. In field observations, the lava units
consist of andesite-pyroxene, andesite, and trachyandesite in
order of abundance, and are visible in hand samples in dark to
light gray. The appearance of these lavas is seen as porphyry,
megaporphyry, and flow. Among the textures visible in these
units are porphyry with glassy microlithic matrix,
glomeroporphyry, poikilitic, subophitic, and amygdaloidal, and
the minerals forming these rocks include plagioclase, pyroxene,
amphibole, and biotite. Various alterations can be observed in
the Mehdi Abad copper deposit. The host rocks have undergone
alteration under the influence of hydrothermal fluids. They are
very widespread in the pyroclastic part and limited to the
margins of mineralized veins in the lava. Argillitic alteration is
most widespread mainly in agglomerate and tuff units, white to
green in color and accompanies the main mineralization part.
Argillic alteration has spread in the surface areas and seems to
have been formed secondarily on chloritic alteration, so that the
decomposition of pyrite due to weathering and atmospheric
water intrusion has created acidic conditions and as a result, the
transformation of plagioclases into clay minerals (Esmaeili et
al., 2022). The samples studied are located in the andesite and
trachyandesite range on the Na,O+K;0 vs. SiO, diagram (Cox
et al., 1979). The K;O vs. SiO, diagram was used to determine
the nature of the magma forming the volcanic rocks of the
region (Peccerillo and Taylor, 1976). In this diagram, the rocks
of the studied region are in the high to medium K-calc-alkaline
range. The Th/Yb vs. Ta/Yb diagram was used to determine the
geotectonic setting of the volcanic rocks of the studied deposit
(Helvac et al., 2009). The rock samples related to andesitic lavas
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are located in the active continental margin. Subduction-related
metasomatism enriches the mantle wedge with LILE and LREE
(Liu et al., 2022), and on the other hand, magma ascent through
thickened continental crust causes crustal contamination,
resulting in increased potassium and thorium (Esperanca et al.,
1992). Copper mineralization in this region is epigenetic along
lava and pyroclastic units with andesitic composition along with
tuff. The main ore textures include vein-veinlets, open space
filling, disseminated and replacement. The ores contain primary
minerals chalcocite, bornite, chalcopyrite and pyrite and the
secondary minerals covellite, secondary chalcocite, cuprite,
malachite, azurite, chrysocolla, hematite, goethite and limonite.
The most important alterations accompanied  with
mineralization include carbonatic-silicic, argillic, chloritic, and
Fe-oxide alterations that the amount of carbonatic-silicic
alteration increases with closing to mineralization zones.

Conclusions

Geochemical studies results show that these lavas belong to
high to medium-K calc-alkaline series. Enrichment in LILE and
LREE, depletion in HFSE and HREE in these rocks suggests
active continental margin volcanic arc magmatism. Based on
tectonic discrimination diagrams, Mehdi Abad area lavas are
related to subduction zone and active continental margin that
has been contaminated with crustal material while ascending to
the surface. The studied deposit includes carbonate-silicate
minerals (malachite, azurite and chrysocolla), sulfide minerals
(chalcocite, covellite, bornite, chalcopyrite and pyrite), and
oxide and hydroxide minerals (cuprite, hematite, goethite and
limonite). The structure and texture of the Mehdi Abad copper
deposit are including vein- veinlets, open space filling,
disseminated and replacement. Faults and fractures are the most
important factors controlling minerals. Based on field
observations, it seems that most of the ore-bearing veins are
scattered along fractures and faults. Considering the alterations
that occurred in this deposit, which include argillitic, silicate-
carbonate, chloritic, and Fe-oxide alterations. Based on tectonic
discrimination diagrams, Mehdi Abad area lavas are related to
subduction zone and active continental margin that has been
contaminated with crustal material while ascending to the
surface. In this area, copper-rich magma has impacted the
earth's surface while ascending from the subduction zone,
creating a set of volcanic rocks with an intermediate
composition in the form of lava and pyroclastics on the earth's
surface, which are host rocks for copper mineralization.
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Fig.2. Geologic map of the study area (Scale 1:1000)
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Fig. 4. a) Argillitic alteration in the agglomerate unit with Fe-oxides in the Mehdi Abad deposit, b) Chalcocite and malachite mineralization with
argillite and gypsum alteration, c) Carbonate alteration with malachite and chalcocite at the boundary of the agglomerate and tuff unit, d) Silicate
alteration with chrysocolla in the pyroxene andesite unit, ) Veined texture of chalcocite replaced by malachite, f) Co-growth of chalcocite and
chalcopyrite. At the margins of chalcocite, replacement by covellite has occurred, g) Framboidal pyrites, and h) Native copper replaced by cuprite
along with chalcocite, malachite, and iron oxides. Cct: chalcocite, Ccp: chalcopyrite, Py: pyrite, Cv: covellite, Bn: bornite, Cpr: cuprite, Mic:
malachite, Ccl: chrysocolla, native-Cu: native copper, Qz: Quartz, Gp: Gypsum, Cal: calcite. Mineral abbreviations are adapted from Whitney and
Evans (2010).
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Table 1. Geochemical data of volcanic rocks in Mehdi Abad copper deposit (Major elements oxides are in wt.%, ICP-MS trace and REE elements
are in ppm)
Andesite Trachy-andesite
SN. MA-1- MA-1- MA-1- MA-1- MA-1- MA-1- MA-1- MA-1- MA-1- | MA2- MA2- MA2- MA2- MA2-
1 2 3 4 5 6 7 8 9 1 2 8 4 5

Si02  59.14 58.64 56.76 55.89 56.47 57.92
AlLO;  16.13 15.84 16.37 14.16 16.17 15.81
Na20 351 4.55 3.97 5.15 4.48 4.41
K20 1.49 1.61 2.19 1.26 231 1.56
CaO 7.01 8.59 7.99 10.69 9.85 9.06
Fe;0s 5.93 4.31 7.90 5.73 6.61 5.18
MgO 4.95 2.52 2.59 1.39 241 152
MnO  0.14 0.06 0.07 0.16 0.10 0.12
P20s  0.30 0.41 0.39 0.29 0.36 0.31
TiO2 0.79 1.04 1.09 0.87 1.10 0.92
SOs 0.05 0.09 0.07 0.07 0.05 0.10
LOI 1.01 2.34 2.17 3.38 0.32 3.01
Total 100.45 100 10156 99.04 100.23 99.92
ICP-MS analyses (ppm)

As 27.8 215 22.7 17.9 18.1 14.6

Ba 257 486 639 558 338 486
Co 24.8 19.8 25.2 27.5 249 23.6

Cr 89 141 138 143 104 59
Cs 0.9 2.3 2.8 0.8 2.2 1
Cu 51 46 101 29 31 38

Mn 754 1273 1186 659 740 231
Nb 9.7 10.8 9.6 11.7 9.6 10.6
Rb 11.3 53.3 12 12.6 9.75 18.37
Sc 37.6 27 245 31.3 34.3 25.9
Sr 3844 4053 4671 2988  389.1  399.9
Ta 0.61 1.01 1.12 0.52 0.89 1.18
Th 7.47 9.26 3.64 2.65 3.86 4.01
\Y 359 275 241 245 364 328
Pb 36 27 19 27 18 23

Zn 101 99 94 118 121 94

Zr 176 178 180 188 181 186
Y 17.6 17.1 18.4 19.6 17.9 19.5
La 16 21 26 18 15 22

Ce 49 52 35 57 49 51

Pr 7.03 3.86 4.76 5.06 6.63 4.49
Nd 15.8 19.9 258 16.9 21 155

58.75 5726 5849 59.18 6025 5749 5792 58.18
16.09 1555 1641 16.04 1698 1652 1571 16.31
4.50 3.88 4.65 5.96 4.96 5.05 4.63 4.68
1.58 1.65 1.94 1.95 1.92 2.02 1.70 1.88
8.57 8.56 8.55 6.16 7.24 8.19 8.09 8.58
5.19 6.52 5.28 4.94 4.05 5.32 5.76 5.27
1.98 2.98 1.85 2.10 1.17 2.97 271 2.01
0.09 0.12 0.09 0.09 0.08 0.07 0.10 0.09
0.27 0.33 0.30 0.35 0.28 0.28 0.35 0.30
0.87 1.92 0.91 0.85 0.79 0.94 0.03 0.89
0.08 0.06 0.09 0.05 0.13 0.21 0.07 0.11
2.34 1.52 1.35 2.10 1.39 1.20 2.40 1.65
100.31 100.35 99.91 99.77 99.24 100.2 99.47 99.95

15.2 221 18.8 19.3 221 185 253 15.7
659 503 579 576 865 548 666 673
19.3 234 211 19.8 24.8 12.8 24 18.2

82 100 107 134 106 88 57 70
0.9 1.5 13 0.9 0.8 1.8 0.8 1.5
95 65 42 75 55 62 39 41

673 787 462 806 1066 1156 783 808
10.8 104 10.1 10.6 10.1 9.4 10.8 111
17.2 17.22 17.18 6.9 8.3 32.3 9.27 10.42
246 31.3 30.7 359 32.9 35.8 334 244
369.8 3901 4135 3957 486.6 4217 3937 3223
1.01 0.81 0.84 0.83 0.09 1.04 0.48 0.68
2.9 5.89 3.76 6.46 4.08 3.97 4.40 3.57
337 263 286 199 173 229 205 216
24 26 26 21 32 37 27 20
93 97 90 74 47 97 79 73
181 184 183 185 187 179 187 172
17.5 18 18.5 18.3 19.1 18.8 18.8 17.9
13 19 19 14 26 21 20 15
43 46 45 40 46 39 47 36
3.05 4.78 4.54 3.21 3.86 4.71 4.04 5.7
17.8 211 19.5 28 20.6 22.7 21.8 18.7

o
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Sm 3.98 4.32 3.88 4.27 3.05 41 4.87 4.33 412 521 3.86 4.63 4.44 3.87
Eu 1.54 1.29 1.05 1.3 1.26 1.06 0.99 1.228 1.08 0.96 1.16 0.97 1.14 0.75
Gd 3.98 4.03 4.45 3.61 477 5.52 4.41 4.36 5.12 5.66 4.87 6.04 4.71 3.33
Th 1.02 0.98 112 0.89 0.87 0.91 0.84 0.94 0.89 0.76 0.9 11 0.85 1.39
Dy 6.87 491 4.68 5.13 6.74 3.88 4.56 5.73 6.14 7.06 4.99 5.53 5.72 4.57
Er 4.1 3.09 2.99 3.61 3.57 3.36 3.11 3.32 3.02 3.87 2.77 2.32 341 2.69
m 0.32 0.4 0.29 0.51 0.36 0.38 0.3 0.38 0.4 0.32 0.44 0.52 0.42 0.12
Yb 1.3 1 18 19 19 1.3 19 1.6 15 1.8 1.2 11 16 12
Lu 0.53 0.47 0.33 0.39 0.49 0.42 0.36 0.42 0.39 0.41 04 0.31 0.4 0.51
TZ/Y 5.74 9.26 2.02 1.39 2.03 3.08 1.53 3.68 2.51 3.59 3.40 3.61 2.75 2.98
TalY
b 0.47 1.01 0.62 0.27 0.47 0.91 0.53 0.51 0.56 0.46 0.08 0.95 0.30 0.57
Nb/T
h 1.30 1.17 2.64 4.42 2.49 2.64 3.72 177 2.68 1.64 2.48 2.37 2.46 311
La/N
b 1.65 1.94 2.71 1.54 1.56 2.08 1.20 1.83 1.88 1.32 2.57 2.23 1.85 1.35
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Fig. 5. a) Na20+K20 vs. SiO2 diagram where samples are located in the andesite and trachyandesite range (Cox et al., 1979), b) K20 vs. SiO2
diagram to determine the nature of the magma forming the volcanic rocks of the studied deposit (Peccerillo and Taylor, 1976)
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Fig. 6. a) Th/Yb vs. Ta/Yb plot (Pearce, 1983), b) Nb/Y vs. Zr/Y plot (Condie, 2005) to show the tectonic setting of andesitic lavas of Mehdi Abad

copper deposit.
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