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In central part of the Mesozoic Ashin ophiolite (Northwest of Anarak,
Isfahan province, Iran), the Upper Eocene monzonitic stock cross cuts
the Ashin ophiolite and Middle Eocene volcanic rocks. Amphibolite
xenoliths are enclosed in the stock and associated Eocene volcanic
rocks. Xenoliths are more abundant in the margin of the monzonitic
stock. Rock-forming minerals of the stock are plagioclase with andesine
to labradorite composition (An=34-60%), Alkali-feldspar with
orthoclase composition (Or= 70.8 to 96.1%), diopsidic clinopyroxene
with (Mg# =0.71-0.90), and phlogopite mica with (Fe#=0.3). Opaque
minerals are magnetite and titanomagnetite (TiO.=1.6-4.4 wt.%). Main
textures of samples from this intrusive body are granular, intergranular
and poikilitic. Samples from the margin of this stock represent
porphyritic texture.

Geochemistry of minerals and whole rock samples of this stock indicate
that they belong to the calc-alkaline magmatic series and are similar to
the samples from the continental magmatic arcs.

These magmatic rocks possibly were formed by subduction of the CEIM
(Central-East Iranian Microcontinent) confining oceanic crusts (Ashin
and Nain oceanic crusts) during Mesozoic and Early Cenozoic eras.
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EXTENDED ABSTRACT

Introduction

Iran is a part of the Alpine-Himalayan orogenic
system, including the Paleozoic to Cenozoic
ophiolites, magmatic and metamorphic rocks (Takin,
1972; Berberian and King, 1981; Berberian et al.,
1982; Dercourt et al., 1986; Alavi, 1994; Mohajjel et
al., 2003; Shahabpour, 2007). The main pulse of the
Paleogene and Neogene magmatic (volcanic and
intrusive) activities of Iran can be attributed to the
two Cenozoic subduction events, including the
western Neo-Tethyan oceanic crust subduction
beneath the Sanandaj-Sirjan block in the west and the
eastern Neo-Tethyan oceanic crust subduction
beneath the Central Iran (e.g., Shirdashtzadeh et al.,
2022). The former subduction possibly caused to the
formation of the Urumieh-Dokhtar Magmatic Arc,
but the later subdution results is not well studied yet.
In the this research, the target region is located in the
west of the Yazd block (Central lIran), where the
Eocene volcanic and plutonic rocks represent
subduction-related characteristics (Jamshidzaei et
al., 2021). The investigated subduction-related
monzonitic stock that cross cuts the central part of
the Ashin ophiolite in the Kuh-e-Kalut-e-Ghandehari
region, in the northwest of Anarak (Isfahan Province,
Iran). The main lithologies in the Kuh-e-Kalut-e-
Ghandehari are Mesozoic lithologies of Ashin
Ophiolite, Paleocene limestone, Eocene volcanic
rocks, monzonitic stock, Lower Red Formation, and
Akhoreh Formation. Ashin ophiolite was formed in
the mesozoic (Shirdashtzadeh et al.,, 2022) and
emplaced in the Late Paleocene (~60 Ma; Pirnia et
al., 2020; Shirdashtzadeh et al., 2022), before than
Eocene volcanism and plutonism. The studied
monzonitic stock of the Kuh-e-Kalut-e-Ghandehari
intrudes the Mesozoic Ashin ophiolite and Middle
Eocene volcanic rocks.

The calc-alkaline affinity of the volcanic and
plutonic rocks of the area, tectonic activity of the
Great Kavir fault caused to the crushing and
mylonitization of the surrounding rock units, as well
as the alteration evidences in the field studies point
to suitable conditions for the ore deposit exploration
in the area (e.g., copper). In this research, the
petrology, mineralogy, and whole rock geochemistry
of the Upper Eocene monzonitic stock are
considered. This research will expand our
understanding of the geochemical nature of

subduction-related Cenozoic magmatism in Central
Iran.

Materials and methods

After detailed field studies and sampling, the selected
fresh samples were used for microscopic thin section
and polished-thin section studies by the polarizing
binocular microscope (Olympus BH-2). The
microprobe analyses were performed at the School
of Natural Systems, College of Science and
Engineering, Kanazawa University (Kanazawa,
Japan) using a wavelength dispersive electron probe
microanalyzer (EPMA) (JEOL JXA-8800R). The
mineral analysis was achieved under an accelerating
voltage of 20 kV, a probe current of 20 nA, and a
focused beam diameter of 3um. 14 whole rock
samples analyses were performed by Brucker S4
PIONEER XRF in the central laboratory of the
University of Isfahan and 3 samples were analyzed
in the Isfahan Nuclear Technology Center by neutron
activation analysis (NAA).

Results

Based on the field relation ships, this gray to light
gray pluton intrudes into the Middle Eocene volcanic
rocks and belongs to the Upper Eocene. The Middle
Eocene volcanic rocks and Upper Eocene
monzonitic stock crosscut the Ashin Ophiolite. This
Eocene stock and volcanic rocks contain amphibolite
xenoliths with the same mineralogy and petrography.
Xenoliths are more abundant in the margin of the
monzonitic stock. Gradual decreasing of modal
plagioclase content indicates that the xenoliths range
from amphibolite (plagioclase + amphibole) to
hornblendite (only amphibole) in composition.
Rock-forming minerals of the stock are plagioclase
with andesine to labradorite composition (An = 34-
60 %), alkali-feldspar with orthoclase composition
(Or = 70.8 to 96.1%), diopside clinopyroxene with
Mg# = 0.71-0.90, and phlogopite mica with Fe# =
0.3. Opaque minerals are magnetite and
titanomagnetite with TiO2 = 1.6-4.4 wt%. The main
textures of samples from this intrusive body are
granular, intergranular and poikilitic. Samples from
the margin of this stock represent porphyritic texture.
The SiO, value in the whole rock compositions
ranges from 479 to 61.65 wt% (basic to
intermediate). The average content of alkalis is 9.75
wt.%). The Kuh-e-Kalut-e-Ghandehari rocks show
sodic affinity by higher Na,O than K;O, based on the
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Na,O/K>0 versus SiO, and K>O/Na,O versus SiO;
diagrams (Jaques et al., 1985). The Eocene intrusive
and volcanic rocks of this area are similar in terms of
mineralogy and texture. Petrography and whole
rocks chemical analyses indicate that the studied
stock is geochemically composed of gabbro,
monzodiorite to monzonite in composition with
metaluminous  affinity.  Monzonite is the
predominant rock.

Tectonic setting

Various tectonomagmatic discrimination diagrams
are used to determine the tectonomagmatic setting of
the Kuh-e-Kalut-e-Ghandehari  stock. Mineral
chemistry and whole rock geochemistry of the Kuh-
e-Kalut-e-Ghandehari monzonitic stock indicate a
calc-alkaline magmatic series similar to the

subduction-related magmas in the normal continental
magmatic arcs formed during the mantle
metasomatism. According to the the temporal and
geological situation, as well as the geochemical
characteristics of the Kuh-e-Kalut-e-Ghandehari
stock, it is considered as a part of an arc magmatism,
related to the subduction of Neo-Tethyan oceanic
crust beneath the CEIM (Central-East Iranian
Microcontinent) during the Late Mesozoic and Early
Cenozoic eras.
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Fig. 4. Photographs of the hand specimens from the studied rocks; A: Mozonitic stock B: Eocene volcanic rock, C and
D: Amphibolitic xenolith in monzonitic stock (Kuh-e-Kalut-e-Ghandehari, Northwest of Anarak)
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Fig. 5. Photomicrographs (XPL). A and B: Monzonitic stock, C: Intrusive body and Amphibolite xenolith contact, and
D: Amphibolite xenolith (Kuh-e-Kalut-e-Ghandehari, Northwest of Anarak). Abbreviations after Whitney and Evans
(2010) (Plg: Plagioclase; Or: Orthoclase; Amp: Amphibole; Cpx: Clinopyroxene; Bt: Biotite; Mag: Magnetite).
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Table 1. Mineralogy of monzonitic stock, Eocene volcanic rock and Kuh-e-Kalut-e-Ghandehari xenolith

Rock type

Minerals

Volcanic rocks

Plagioclase, amphibole, clinopyroxene, magnetite, Ti-Magnetite, chlorite

Monzonite stock

Plagioclase, orthoclase, amphibole, clinopyroxene, mica, magnetite, Ti- Magnetite,

Calcite, Epidote, Chlorite

Xenolith

Amphibole, plagioclase, clinopyroxene, mica, Ti-Magnetite
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Fig. 6. A: Plagioclase diagram (Deer et al., 1992), B: Clinopyroxene diagram (Morimoto, 1989), C: Amphibole diagram
(Leake et al., 1997), and D: Mica diagram (Rieder et al., 1998)
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Table 2. Electron microprobe analyses (wt.%) and calculated structural formula of clinopyroxene based on 6 oxygens,

amphibole based on 23 oxygens, biotite based on 22 oxygens in monzonitic stock, volcanic rock and xenolith of Kuh-e-
Kalut-e-Ghandehari

Sample 212 62 64 Sample 31 211 41 Sample 215 47 50
Analysis 340 B B Analysis A 17 B Analysis 318 B A
Mineral Amp  Amp  Amp Mineral Cpx Cpx Cpx  Mineral Bt Bt Bt

Rock type Volcanic Xenolith Xenolith Rock type Intrusive Volcanic Xenolith Rock type Volcanic Xenolith Intrusive

SiO2 40.73  40.77  40.46 SiO; 5291 51.86 49.94 SiO; 38.2 33.94 3742

TiO2 2.44 2.43 2.44 TiO2 0.33 0.56 0.69 TiO, 5.64 4.55 6

Al2Os 14.13 142 1411  AlOs 1.44 2.87 3.53 AlOs 13.9 15.2 13.71

FeO 11.6 1153 1171 FeO 8.23 7.7 9.44 Cr203 0 0.03 0

Cr20s 0 0 0.05 MnO 0.75 0.47 0.56 FeO 12.6 1465 13.27

MnO 0.14 0.15 0.16 MgO 1391 14.09 12.1 Fe.0s 0 0 0

MgO 13.36  13.62 13.2 CaO 2223 2227 21.9 MnO 0.13 0.29 0.16

CaO 1201 1175 11.67 Na,O 0.35 0.37 0.73 MgO 16.2 1743 1554

Na20 2.33 2.53 2.4 K20 0.01 0.01 0.02 BaO 0 0 0

K20 1.29 11 1.08 Total 100.1 100.2 98.91 Ca0 0 0.2 0.02

Total 98.03 98.08 97.23 TSi 1967 1919 1.88 Na.O 0.69 0.36 0.78

TSi 5953 5929 5,939 TAl 0.033 0.081 0.11 K.0 8.81 451 8.72

TAI 2.047 2071 2061 MI1AI 0.03 0.044 0.04 Total 96.3 9116 95.62

TFe? 0 0 0 M1Ti 0.009 0.016  0.02 CTotal 96.3 91.16 95.62
TTi 0 0 0 M1Fe®* 0.011 0.032  0.08 Si 5.57 520 5531
SumT 8 8 8 M1Fe? 0.18 0.13 0.17 AllV 2.42 279 2469
CAl 038 0361 0379 MiCr 0 0.001 0 AlVI 0.02 0.05 0.081
CCr 0 0 0 M1Mg 0771 0.777 0.68 Ti 0.61 0.52  0.667

CFe® 0.46 0.6 0.58 M.Fe?  0.065 0.075  0.04 Fe? 1.54 1.87 1.64

CTi 0.26 0.26 0.26 MzMn 0.02 0.01 0.01 Cr 0 0 0

CMg 2911 2953 2889 M.,Ca 0885 0.883 0.88 Mn 0.01 0.038 0.02

CFe? 095 0803 0857 MpNa 0.025 0.027 0.05 Mg 3.53 3.982 3.424

DOI: 10.22067/econg.2023.84438.1088 Foslad 10 0555 VY (oslasl ulid e

7Y


https://doi.org/10.22067/econg.2023.84438.1088

‘5)LA-L5Q}Ko;dYbuﬁu}ﬂ&fi}a}AS}Lﬂ‘&L«beYﬁ O‘)&“ﬁ)}ijﬂxg

YY bl 2 8 058 T ol 2 gusiaT 050818 il S (55 s J g0 3 dnlonn 5 g5, Sc0 IUT s Y Jgurar ol
Gl S glS 0 S eiel Sl g 5 SLaaiT 6K (s g0 S sl Lok ga g3 O eS|
Table 2 (Continued). Electron microprobe analyses (wt.%) and calculated structural formula of clinopyroxene based on

6 oxygens, amphibole based on 23 oxygens, biotite based on 22 oxygens in monzonitic stock, volcanic rock and xenolith
of Kuh-e-Kalut-e-Ghandehari

Sample 212 62 64 Sample 31 211 41 Sample 215 47 50
Analysis 340 B B Analysis A 17 B Analysis 318 B A
Mineral Amp  Amp  Amp Mineral  Cpx Cpx Cpx  Mineral Bt Bt Bt

Rock type Volcanic Xenolith Xenolith Rock type Intrusive Volcanic Xenolith Rock type Volcanic Xenolith Intrusive

CMn 0.017 0.018 0.02 MoK 0 0 0.001 Ba 0 0 0
CCa 0 0 0 Sumcat 4 4 3.99 Ca 0 0.033 0.003

SumC 5 5 5 Ca 4599 4694 49.30 Na 0.19 0.107 0.224
BMg 0 0 0 Mg 40.04 4132 37.90 K 1.63  0.882 1.644
BFe? 0 0 0 FeMn 1395 11.73 1279 Cations 15.5 1539 15.53
BMn 0 0 0 JD1 1.33 1.42 233 FeFeMg 0.3 0.32 0.32
BCa 1881 1831 1.835 AE1 0 0 0.635 MgFeMg 0.7 0.68 0.68

BNa 0.119 0.169 0.165 CFTS1 0563 1751 4.065 Fe# 0.3 0.3 0.3

SumB 2 2 2 CTTS1 0479 0.823 1.069

ANa 0541 0544 0519 CATS1 0.204 0.881 0

AK 0.241 0204 0202 WO1 4470 4318 43.19

Sum_A 0.782 0.748 0.721 EN1 40.00 41.055 37.149

Sumcat 15.78 15.74 15.721 FS1 12.71  10.88 11.559

Sumoxy 23 23 23 Q 1901 1866 1.779

Mo# 0.75 0.78 0.77 J 0.05 0.053  0.107

wO 4574  46.14 47.049

EN 39.82 40.62 36.17

FS 1443 1322 16.781

WEF 9744  97.25 94.385

JD 1.87 1579  1.863

AE 0.685 1.166 3.752

Mg# 075 079 076
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Table 3. Electron microprobe analyses (wt.%) and calculated structural formula of plagioclase and K-feldspar based on

8 oxygens in monzonitic stock, volcanic rock and xenolith

Sample 27 84 55 211 215
Analysis A C B 13 316
Mineral plg plg plg Kfs Kfs
Rock type  Intrusive  Volcanic Xenolith Volcanic Intrusive
SiO2 55.49 56.4 54.74 66.52 65.11
TiO2 0.01 0.02 0.03 0.02 0
Al203 27.59 27.29 27.9 18.2 18.27
FeO* 0.36 0.32 0.24 0.09 0.12
MnO 0 0.02 0 0.01 0
MgO 0.03 0.02 0.03 0.01 0.03
Cao 9.7 9.01 10.28 0.19 0.03
Na20 5.66 6.05 5.2 3.55 0.41
K20 0.38 0.35 0.32 11.49 15.9
Total 99.22 99.48 98.74 100.08 99.87
Si 2.519 2.547 2.497 3.018 3.007
Al 1.475 1451 1.499 0.972 0.994
Ti 0 0.001 0.001 0.001 0
Fe2 0.014 0.012 0.009 0.003 0.005
Mn 0 0.001 0 0 0
Mg 0.002 0.001 0.002 0.001 0.002
Ca 0.472 0.436 0.502 0.009 0.001
Na 0.498 0.53 0.46 0.312 0.037
K 0.022 0.02 0.019 0.665 0.937
Cations 5.002 4.999 4.989 4.981 4.983
X 3.994 3.999 3.997 3.991 4.001
z 1.008 1 0.992 0.99 0.982
Ab 50.2 53.8 46.9 31.6 3.8
An 47.6 44.2 51.2 0.9 0.1
Or 2.2 2 1.9 67.4 96.1
Type Andesine  Andesine  Labradorite Sanidine Orthoclase
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Table 4. Electron microprobe analyses (wt.%) and calculated structural formula of Opaque mineral in monzonitic stock

Sample 215 215 215
Analysis 313 314 322
Mineral Ti-Mag Ti-Mag Ti-Mag
SiO: 0.41 0.47 0.06
TiO2 1.69 1.71 4.47
Al203 0.78 0.79 1.19
FeO* 84.29 85.27 84.89
MnO 0.25 0.31 0.76
MgO 0.12 0.1 0.6
CaO 0.04 0.03 0
Na20 0.05 0.01 0
K20 0 0.01 0
Total 87.63 88.7 91.97
Si 0.01 0.01 0.002
Al 0.03 0.03 0.05
Ti 0.05 0.05 0.13
Fe 1.05 1.05 1.07
Fe3* 1.82 1.82 1.68
Mn 0.008 0.01 0.02
Mg 0.007 0.006 0.03
Ca 0.001 0.001 0.00
Na 0.004 0.0008 0.00
K 0 0.0005 0.00
Total 3 3 3
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Table 5. Whole rocks geochemical compositions of samples from the monzonitic stock in the Kuh-e-Kalut-e-Ghandehari
(Major elements in wt.%, and trace elements in ppm). n.d.= not detected

Sa,\rl‘:)?'e M23-1  M24-| M30-1 M32-1  M33-1  M34-1  M68l1  M70-1  M72-I
?;S: Gabbro Monzonite Monzonite Monzonite ~ Gabbro ~ Gabbro  Monzonite ~ Monzonite ~ Gabbro
SiO2 48.27 55.93 56.08 55.77 48.3 47.89 54.52 57.44 49.49
TiO: 1.34 0.73 0.78 0.69 1.37 151 0.80 0.72 1.05
Al203 15.6 16.3 16.1 16.3 15.6 14.9 15.8 16.5 16.1
Fe203" 9.67 5.85 6.34 55 9.68 10.55 6.61 5.24 8.53
MnO 0.21 0.19 0.17 0.19 0.19 0.21 0.20 0.17 0.48
MgO 4.05 1.69 2.58 1.92 4.5 3.81 1.99 1.89 3.74
CaO 9.54 7.95 6.46 7.91 9.54 10.2 7.68 7.43 8.54
Na20 51 6.1 5.82 6.32 5.24 4.84 6.21 5.83 4.89
K20 2.87 3.18 3.48 2.92 2.62 29 3.27 3.25 3.3
P20s 0.60 0.32 0.35 0.31 0.56 0.59 0.36 0.28 0.48
LOI 221 0.89 1.06 1.18 1.75 1.92 1.96 0.56 2.94
Total 99.47 99.14 99.24 99.01 99.4 99.32 99.41 99.32 99.55

Rb n.d. 87.48 76.55 76.55 54.7 n.d. 87.49 87.49 87.49
Sr 1573 1667.5 1384 1289 1348 1526 1372 1478 1336
Ba 435.4 457.76 468.9 n.d. n.d. 468.9 435.4 424.3 n.d.
Zr 324.2 243.14 243.1 202.6 243 324.2 243.1 202.6 202.6
S 2497 9788 7866 1463 3246 4495 4994 7391 1299
Cl 670 600 390 500 590 580 360 500 280
Cu 575.8 300. 300.4 287.9 513 613.4 3755 300.4 363
Zn 286.3 124. 136.9 174.2 249 286.3 99.58 87.13 709.5
Y n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
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Table 5 (Continued). Whole rocks geochemical compositions of samples from the monzonitic stock in the Kuh-e-Kalut-
e-Ghandehari (Major elements in wt.%, and trace elements in ppm). n.d.= not detected

Sample

No. M74-1 M13-1 M40-1 M42-1 M44-1 DO1 215 214
T;&le( Monzonite Monzonite Monzonite Monzonite  Monzonite  Monzodiorite ~ Monzonite Monzonite
SiO2 56.89 56.19 55.95 58.5 56.25 60.2 55.1 61.6
TiO2 0.48 0.84 0.92 0.72 0.88 0.47 1.28 0.42
Al203 16.4 15.5 15.9 15.8 15.3 18.1 16.2 17.2
Fe203" 4.07 6.08 6.26 541 6.17 4.07 8.91 3.60
MnO 0.2 0.22 0.18 0.20 0.22 0.14 0.18 0.12
MgO 1.66 2.03 1.9 1.11 1.83 1.49 2.55 1.70
CaO 7 8.64 8.65 8.18 8.96 5.62 9.07 6.09
Na2O 6.17 4.54 4.72 4.84 4.44 5.16 3.92 4.64
K20 3.58 3.45 3.54 3.58 3.64 2.59 1.81 2.59
P20s 0.21 0.29 0.34 0.26 0.3 n.d. n.d. n.d.
LOI 2.63 1.42 0.60 0.66 1.24 2.16 0.93 1.99
Total 99.3 99.21 98.98 99.27 99.24 97.8 99.0 96.2
Rb 109.4 120.3 120.3 120.3 153.1 88 54 80
Sr 1384 2200 2046 2531 2495 876 534 541
Ba 491.3 524.7 446.6 602.9 558.2 436 388 364
Zr 243.1 n.d. n.d. n.d. n.d. n.d. n.d. n.d.
S 6992 5244 1283 5494 7491 n.d. n.d. n.d.
Cl 1300 540 740 640 540 n.d. n.d. n.d.
Cu 275.4 788.6 363 450.6 463.1 n.d. n.d. n.d.
Zn 124.5 236.5 248.9 248.9 248.9 77 108 64
Y n.d. 63.5 n.d. n.d. n.d. n.d. n.d. n.d.
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