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Article HiStOI'y Introduction
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are widely distributed in Precambrian to Cenozoic orogenic belts (e.g.,
Raymond, 2002), but some are formed in non-orogenic zones (Blatt et
al., 2006). Because much of the continental crusts in orogenic belts are
composed of granitoids, they are of particular importance in explaining
the petrologic processes in orogenic belts.
G 2 Cenozoic magmatism of Urmieh-Dokhtar magmatic arc is intruded by
ranodiorite . . . - . .
Geochemistry Ollgo-Mlocen_e plutc_mlc rocks in some regions (Arvin et al., 2004). An
Bideshk outcrop of Oligo-Miocene granites is found in Zafarghand area in the
Urumieh-Dokhtar southeast of Ardestan in Isfahan Province. Sarjoughian et al. (2018),
Aminoroayaei Yamini et al. (2017), Sadeghian and Ghaffary (2011),
Khalatbari Jafari et al. (2016), and Ghalamghash et al. (2019) suggested
that this magmatism is a result of lower crust melting during mantle
wedge metasomatism, occurred by Neo-Tethys subduction.
This study aims to investigate the Oligo-Miocene granodiorites of East
Bideshk, which is exposed in the central part of the Urumieh-Dokhtar
magmatic arc in the northeast of Isfahan city. Despite the
tectonomagmatic importance of this pluton in completing the geological
history of Urumieh-Dokhtar magmatic arc, there are no comprehensive
petrological studies performed on Bideshk granitoid. Thus, this study
Seyed Mohsen Tabatabaei Manesh considered the mineralogy, geochemistry, tectonic environment, and
™ tabataba@sci.ui.ac.ir origin of this granodiorite.
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Materials and methods

Microprobe analysis of the minerals was performed
using a CAMECA SX 100 model with 15 kV
accelerator voltage and 20 nA current at Stuttgart
University, Germany. The Minpet software was also
used to calculate the structural formula of the
minerals and plot the diagrams. Intact and less
altered rock samples are selected for geochemical
analysis of major, trace, and rare earth elements by
ICP-MS and ICP-OES methods in the geochemical
laboratory of ALS Chemex in Ireland. The LOI
values are also obtained by the gravimetric method.
Fe?* and Fe®* are calculated based on the method by
Middlemost (1989). Abbreviations for minerals are
from Whitney and Evans (2010).

Results and discussion

The Eocene Granodiorite - diorite rocks outcrop in
the east of Bideshk area, in the northeast of Isfahan,
and along the Urumieh-Dokhtar magmatic zone.
According to lithological studies, they are mainly
composed of granodiorite with predominant texture
are granular, granophyre, and porphyroid.

The major minerals are plagioclase, quartz, K-
feldspar, hornblende, and biotite. Accessory
minerals include magnetite, and apatite. Calcite and
chlorite are the secondary minerals. Embayed
plagioclases and quartz with rounded margins and

plagioclases with oscillatory zoning, sieved texture,
and dusty rims show non-equilibrium conditions
during magma mixing. The composition of calcic
amphiboles in these rocks is actinolite- tremolite,
hornblende, and magnesio- hornblende. Plagioclases
in the rocks of the east of Bideshk are andesine to
labradorite in composition, and some show
oscillatory zoning. Thermobarometry results indicate
pressure, temperature, and crystallization depth
decrease from the core (average ~ 3.01-3.63 kb, 685-

732°C) of hornblende crystals. Geochemical
investigations show that this granitoid is
metaluminous, calc-alkaline, and I-type. The

primitive mantle and the chondrite- normalized
patterns of Bideshk whole-rock samples show
enrichment of LREE against HREE. It is in
accordance with magmatism in a subduction zone.
Geochemical diagrams and variation in Rb content
relative to Nb can also indicate a subduction-related
magma source and mantle wedge metasomatism in
the east of Bideshk, during Neo-Tethys subduction
beneath central Iran.
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Fig. 3. Photomicrograph (in XPL) of Bideshk granodiorite A: Chessboard twinning in plagioclase, B: Oscillatory zoning
in plagioclase, C: Green and euhedral hornblende with altered rims, and D: Chlorite formed by amphibole alteration.
Abbreviations after Whitney and Evans (2010) (PI: plagioclase, Amp: Amphibole, Chl: Chlorite, Or: Orthoclase).
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Table 1. Electron microprobe analyses (in weight percent) and calculated structural formula based on 23 oxygens (in

a.p.f.u.) for amphiboles in granodiorite of east Bideshk

Point No. 103C 115C 122C 125C 127C

109R 185R 167R 191R 201R 194R 113R

SiOz 51.05 52.61 5098 5247 52.75
TiO2 0.67 0.41 057 047 0.43
Al203 3.93 2.89 3.79 3.04 2.40
FeO 1156 1126 11.46 11.00 10.65
MnO 0.25 0.28 032 023 0.22
MgO 1722 1751 169 1732 17.78
CaO 11.08 1135 1165 1159 11.30
Na:O 1.41 1.03 1.1 0.90 0.86
K20 0.25 0.20 026  0.27 0.24
Total 9741 9754 97.03 97.29 96.63

Si 724 743 7.29 7.45 7.50
Ti 0.07 0.04 0.06 0.05 0.05
Al 0.66 0.48 0.64 051 0.40
AlV! 0.03 0.03 0.02 0.04 0.02

Fe 044 050 063 063 047
Fe 3 082 074 067 063 0.70

Mn 003 003 004 003 003
Mg 3.64  3.69 3.60 366  3.77
Ca 1.68 1.72 179 1.76 1.72
Na 032 028 022 024 024
K 005 004 005 005 0.04

Cations 1512 15.03 15.14 15.06 15.00

4722 47.66 5056 4791 469 47.78 47.47
1.08 1.05 043 0.95 124  0.99 1.01
7.18 6.74  3.28 6.83 7.29 6.81 7.03
14.48 1453 1351 15.01 1531 1417 1517
0.36 0.43 0.36 0.47 044 048 043
1465 14.63 15.00 1452 1489 1488 1437
10.62 10.61 1158 10.11 1046 10.34 10.27
1.85 1.44  0.87 1.34 1.47 1.84 1.37
0.31 025 0.37 0.22 0.32 024 030
97.74 9733 9595 9735 9833 9753 9741
6.77 6.83 7.41 6.83 6.64 6.83 6.78
0.12 0.12 0.05 010 0.13 0.11 0.11
1.21 1.14 057 1.15 1.22 1.15 1.18
0.09 0.09 0.04 011 0.04 010 0.0
0.54 047 1.09 0.28 0.21 0.42 0.36
1.17 124 055 1.48 1.46 1.24 1.42
004 005 0.04 0.06 0.05 0.06 0.05
3.13 3.13 3.28 3.08 314 317 3.06
1.63 1.63 1.82 1.54 1.59 1.58 1.57
0.37 0.37 0.18 0.37 040 042 0.38
0.06 0.05 0.07 0.04 0.06 0.04 0.06
152 15.07 1513 1495 15.05 1514 1501
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Fig. 4. Composition of amphiboles in Bideshk granodiorite on A: classification diagram of amphiboles (Leake et al.,
2004), B: Classification of calcic amphiboles (Leake et al., 2004), and C: Discrimination diagram for igneous and
metamorphic amphiboles (Giret et al., 1980). The solid circles are related to the core and the hollow circles show the

margin of the amphiboles.

D13 505 53 i (el B 5L ST 5 slls (G55 Ao
Szl S eSS esg LI b 4 (A-p IS 2) TAS
b Wi gos 3 (SC oS 5 o8 iz a das oo 0L (S g95-)
ob IS sk s callin cpl s Ll 6y a5 5 18—y 5
Szl 8 pba 0T I S 5 bl s jlatl g ony
AT 03 sudome 53 L e £ 45 ¢ ptomed ol 0 S 20
Lisy 5 Laas sad ann AFM Sls sa 55 (pimman 3,8 0 513

(C-p JS2) Wlos S (69, ST

Gl o 9 ueglT 31 ELAT (oL (i) y

oo G BB 90951 F
GI13 oy 3530 S gas e B AV IS Wl
(ASI<I) ¢ 51 zaS” AlO3/(CaO+Na0+K;0) o
L g5 Bl S 5 on fTloe (e o5 gudaes 53 5 At
PN PYCIUR [ PR DR PP LY P W RO Ve S G
,\Js;,,sﬁggujragj@ngwdugglﬁw.w

.(D)C—VJ&’L).’U;@

355000 51 S 5 50 abai Ve g,ﬁ,ﬁf@u:)g_wm(g
Sl )3 diges Olgie 4 SIS ! S35 od—dploil LT
53 0T (ol Jgo ol o 4 Sy 55 (2251 S
(O JS8) b jlscls (gluony 4l5 505 sl s ol 0laT Y gt
Lol 63,0 Cayaal pY U 5T S 5 3 90 50 Gy S 40
(A0 JS) Wlo s &3l SIS S 63 guoen 53 T 51 (oled
a5 ol (sla S5 5 s (SS Sl s &g

(B-d JS2)

RS

G Sl 53 51,5 LS ol 5 Lol gladST 0l
g_;.’.l:’,j'.’.u:") '19"”_, U'.?-'fj 6‘}.3 e ‘a..\.aT“ djv\?' BE &.&').\7‘4
Uit ol 3 a —ag )l agy Culg 5o S ol Sl
5o et 16T n SLaSle Comle 5 e 335 ol Lo
Slaylsgas bl 5 LT 5555 5 ol oSl o
Baho e by berd e

SOIA G OF/F Lyl STO2 b K oyl claosls ol oll

DOI: 10.22067/ECONG.2021.52036.87968

vYyv

¥ oslad (W oy55 VP (3lamdl pwlis e


https://doi.org/10.22067/ECONG.2021.52036.87968

e 535 51,8 Late 5 sl ey Jaoes (o e oulid SIS O)San 5 pukie glo

@l (APl Al ) 05 ST GSIA bl gl Jsn b aslons 5 (G35 dmosd by ) 95 Sn 09 T s Y oo
S b Sy 051 8 NS 5,

Table 2. Electron microprobe analyses (in weight percent) and calculated structural formula based on 8 oxygens (in
a.p.f.u.) for plagioclase in granodiorite of east Bideshk

Point No. 149 150 151 152 153 154 155 156 157 158

SiO; 61.13 54.85 5582 5559 5569 5598 56.23 58.06 54.98 5542

TiO2 0.02 0.00 0.01 0.00 0.01 0.00 0.02 0.00 0.00 0.00
Al,O3 2358 2755 2692 2726 2706 2692 26.63 2548 2727 26.97
FeO 0.18 0.24 0.17 0.27 0.23 0.22 0.23 0.29 0.27 0.22

MnO 0.04 0.00 0.04 0.00 0.00 0.00 0.02 0.00 0.00 0.00
MgO 0.04 0.04 0.00 0.00 0.03 0.02 0.03 0.01 0.02 0.01

BaO 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.038 0.038
CaO 5.77 10.72 9.96 10.36  10.38 9.83 10.03 8.63 10.71  11.39
Na.O 8.25 5.53 6.06 5.85 5.96 6.05 6.13 6.74 5.56 5.67
K20 0.47 0.17 0.23 0.21 0.25 0.21 0.17 0.24 0.18 0.21

Total 99.48 99.10 9921 9954 99.63 99.23 9949 9945 99.02 99.92

Si 2.74 2.50 254 2.52 2.52 254 2.51 2.55 2.51 2.50
Al 1.24 1.48 1.44 1.46 1.44 1.44 1.44 1.42 1.47 1.46
Fe?* 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mn 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Mg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ba 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ca 0.28 0.52 0.49 0.50 0.50 0.48 0.00 0.00 0.52 0.00
Na 0.72 0.49 0.53 0.51 0.52 0.53 0.55 0.49 0.49 0.55
K 0.03 0.01 0.01 0.01 0.01 0.01 0.50 0.54 0.01 0.49

Cations 5.01 5.01 5.02 5.01 5.02 5.01 5.02 5.02 5.01 5.02

Ab 70.20 4780 51.70 50.00 50.30 52.10 46.80 52.00 48.00 46.70
An 27.20 51.20 47.00 48.90 4840 46.80 52.00 47.10 51.00 52.30
Or 2.60 1.00 1.30 1.20 1.30 1.20 1.10 1.00 1.00 1.00
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Fig. 5. Plagioclases of Bideshk granodiorite in A: Or-Ab-An classification diagram (Deer et al., 1992), and B: Rim-core-
rim compositional profile of a plagioclase crystal
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Table 3. Major (in weight percent), trace and rare earth (in ppm) elements data for igneous rocks of east Bideshk

Sample No. 22 222 z35 266 z8 z52  SampleNo. z2 z22 235 z66 z8 252

SiO2 62.8 658 643 6400 544 604 Ga 16.1 144 157 159 151 16.4
TiO2 055 046 06 058 084 0.65 Y 112 84 105 110 224 192
ALO; 1885 1585 162 16.05 16.85 16.35 cr 10 10 20 10 120 10
Fe:Os* 489 461 601 619 88 7.4 Hf 3.7 300 33 35 25 28
Fe:Os(cal) 1.83 173 225 293 33 272 Cs 0.13 052 051 051 0.27 1.19
FeO(cal) 275 259 338 293 495 407 Ta 04 05 04 05 04 04
MnO 007 005 006 013 011 0.08 La 11.4 11.00 152 18.7 11.9 6.8
MgO 196 191 23 232 564 324 Ce 245 215 449 354 245 14.7
CaO 6.78 535 556 526 7.7 583 Pr 311 262 4.68 4.02 3.16 1.89
Na:0 393 305 321 362 267 3.39 Nd 13 113 165 155 129 86
K20 032 115 1.00 174 047 147 Sm 3.03 3.13 315 324 32 272
P.Os 018 013 022 019 015 0.3 Eu 0.83 0.84 1.04 1.02 1.13 0.85
LOlI 0.67 201 228 132 237 233 Gd 3.32 281 284 3.42 367 3.15
Total 98.01 98.89 101.76 101.44 100.00 101.12 Tb 0.48 0.44 0.48 0.60 0.60 0.61
Ba 106 244 1745 434 114 225 Dy 3.34 3.09 3.13 3.34 4.08 3.81
Rb 142 375 385 461 106 451 Ho 0.66 0.56 0.64 0.72 0.58 0.81
Sr 393 312 379 282 393 363 Er 1.85 1.87 1.98 2.11 2.38 2.35
\4 189 166 187 21.00 224 241 Tm 0.26 0.30 0.30 0.36 0.34 0.36
zr 121 104 103 111 78 101 Yb 202 201 1.94 256 2.42 2.68
Nb 63 55 56 6.8 4.9 4.4 Lu 0.34 0.34 031 0.35 0.35 0.40
Th 556 6.06 4.92 643 198  4.88 Eu/Eu* 08 09 11 09 10 09
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Fig. 6. Composition of granodiorite in the east of Bideshk on A: Na,O+K;0 vs. SiO, diagram (Cox et al., 1979), and B:
AFM diagram (Irvine and Baragar, 1971)
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Fig. 7. Composition of granodiorite in the east of Bideshk on A: ASI vs. SiO; (in wt.%) diagram (Frost and Frost, 2008),
B: NazO vs. K;0 (in wt.%) diagram (Chappell and White, 2001), C: Rb vs. Y+Nb (in ppm) diagram (Pearce et al., 1984),
and D: Nb vs. Y (in ppm) diagram (Pearce et al., 1984) (VAG: Volcanic arc granite, Syn-COLG: Syn-collisional granite,

WPG: Within-plate granite, ORG: Oceanic ridge granite)
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Table 4. Thermobarometry of amphiboles of east Bideshk based on formula by Otten (Otten, 1984) and Schmidt

(Schmidt, 1992)

Amphibole Schmidt (1992) Otten (1984)
No P(kb) T°C Depth(km)
1 3.63 696.1 15.06
2 3.42 695.1 14.95
3 3.32 698.8 14.90
4 3.28 685.2 14.88
5 3.36 694.9 14.92
6 3.17 687.3 14.83
7 3.25 7329 14.87
8 3.01 710.2 14.75
9 3.43 722.3 14.96
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