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1-Introduction

Granitoids are the most important plutonic igneous rocks in the continental crust. These rocks occur in all
tectonic environments. Hence, their geochemical studies can play an important role in geological surveys
and the reconstruction of ancient tectonics. The tectonic environment influences the chemical composition
of granitic rocks (Pearce, 1982; Stevens, 2012). For this reason, based on geochemical characteristics, the
geological environment of the rock is evaluated. The variety of this rock group is very wide, and the reason
for that is the variety in their origin, variety in the processes of formation and evolution, placement in
different structural levels, and under different tectonic regimes in separate geodynamic environments
(Barbarin, 1999; Giil, 2010). Granitoids are categorized based on the minerals, field and petrological
characteristics, and chemical and isotopic characteristics (Chappell & White, 1974; Barbarin, 1991; Frost
et al., 2001). Granitoids can be formed due to the melting or partial melting. Granitic melts may be derived
only from crustal components, evolved and formed from mantle melts, or a combination of crustal and
mantle melts. Because of these complications, petrologists have relied on geochemical classifications to
distinguish between different types of granitoids. Many schemes have been presented for the classification
of granitoids, which have studied granitoids in terms of their origin, tectonic origin, chemical properties,
and genesis. One of the most important classifications (Chappell & White, 1974), this classification of
granite divides them into four main groups: S, I, A, and M, based on their origin. According to the region's
petrography and geochemistry studies, the granitoid rocks are consistent with I-type granites. This area has
been investigated by several researchers in the past (Khalki Khosragi et al., 2013; Sheikh Zainuddin, 2017;
Farrokh Menesh, 2017; Jamshidi Badr, 2011). During the studies carried out in the area of Takab and Shahin
Dej, igneous and metamorphic rocks and economic studies of the region's rocks were conducted. However,
the Bagh Paein area, which is located between Takab and Shahin Dej, has not been studied geologically
until now, and only in the 1:100,000 map of Irankhah (Chapan), which is a part of the 1:250,000 geological
map of Takab Quadrangle. The current research is one of the first lithological studies on this mass, in which
the mass's lithology, geochemistry, and origin are discussed. This mass is the continuation of Takab and
Shahin Dej granites, and identifying this intrusive mass in this part of the Sanandaj-Sirjan zone can be an
effective step in better understanding the events related to this part of Iran's crust.

2-Material and methods

In this research, 120 samples were taken from all intrusive units in the region during the field operation
stage. Among these samples, the samples were selected with the lowest weathering, and 40 thin sections
were prepared and collected using a polarizing microscope for lithological studies. The igneous rocks of
the Bagh Paein area were studied. After the petrographic studies, 16 samples with the lowest amount of
alteration were selected from the igneous rock units and sent to China to determine the oxides of the main
elements and minor and rare elements by XRF and ICP-MS methods, respectively, and sent to the Institute
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of Geology and Geophysics. The Chinese Academy of Sciences (IGG-CAG) was analyzed chemically. For
this work, the composition of the main elements was evaluated by an X-ray fluorescence spectrometer
(Philips PW1500 XRF model) on fused glass plates. The abundance of trace elements was investigated by
inductively coupled plasma mass spectrometer (ICP-MS), (VG-PQII) in the Chinese Academy of Sciences.
CoreIDRAW and GCDKkit software were used to interpret, analyze, and draw diagrams.

3-Conclusion

According to petrographic studies, granitoids are granite, granodiorite, tonalite, diorite, and aplite. The most
important texture in these rocks is perthite, myrmicine, poikilitic, etc. Based on the study of these textures,
there is evidence of the phases of magmatism (granophyre texture), the depth of the rock formation
environment, and the different stages of mineral crystallization in these rocks. The studied rocks are I-type
in terms of genetic divisions, which is consistent with the association of these rocks with subduction zones.
The granites are placed in the environment of volcanic arcs (VAG) according to different tectonic
environment differentiation charts. Based on geochemical studies, the granitoid rocks of the region are of
metaaluminous to peraluminous nature and are calc-alkaline magma series. In the analysis of REE charts,
enrichment of LREE compared to HREE and enrichment of LILE, as well as depletion of Ta, Nb, and Ti
elements, show the dependence of these rocks on subduction zones. Based on the studies conducted for the
origin of the granites of the region, these rocks show the processes of partial melting and digestion.
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Fig. 4. Microscopic images of textures of the granitoid rocks of the area. (a) Myrmkite texture, (b) Perthite texture, (c)
Porphyritic texture, (d) Granophyric texture, and (e) Poikilitic texture. Quartz = Qtz; Bt = Biotite; Pl = Plagioclase; afs =
Alkaline feldspar.
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Table 1: Chemical analysis results of the studied samples.

Symbol
SiO,
T|02
Al,O3
Fe,03
MnO
MgO
Cao
Na,O
K0
PzOs
LOI

Li
Be
Sc
V
Cr
Co
Ni
Cu
Zn
Ga
Rb
Sr
Y
Zr
Nb
Sn
Cs
Ba
La
Ce
Pr
Nd
Sm
Eu
Gd
Th
Dy
Ho
Er
Tm
Yb
Lu
Hf
Ta
TI
Pb
Th
U

G63
76.32
0.07
13.49
0.48
0
0.06
0.89
441
4.07
0.01
0.23
4.19
3.16
0.62
6.12
0.78
0.38
0.54
0.67
5.73
19.52
87.98
207.05
1.58
37.42
12.34
0.54
0.88
341.81
23.21
30.92
2.19
6.23
0.73
0.23
0.42
0.05
0.3
0.05
0.17
0.02
0.24
0.04
2.59
0.9
0.32
31.04
29.55
3.38

G7
69.32
0.4
15.63
2.34
0.04
1.26
291
4.98
2
0.15
0.5
24.75
2.22
3.52
34.33
20.34
6.28
12.99
1.95
46.27
20.66
57.97
777.05
6.24
126.59
12.63
0.86
2.14
597.4
32.99
56.41
5.76
20.96
3.23
1.03
2.1
0.3
1.43
0.25
0.66
0.09
0.65
0.08
3.47
0.82
0.28
17.07
9.66
2.89

G22
77.79
0.09
12.55
0.34
0
0.12
0.31
3.5
4.57
0.02
0.57
2.78
2.9
5.29
6.16
2.48
0.55
0.59
1.63
2.93
18.11
157.33
43.62
78.73
98.73
10.6
3.92
1.23
187.45
39.27
93.34
11.52
41.38
10.96
0.37
11.3
2.16
14.39
2.87
8.43
1.24
8.52
113
4.21
1.32
0.62
10.91
26.58
3.44

G42
79.16
0.04
11.86
0.36
0
0.04
0.3
3.3
4.77
0.02
0.45
1.79
3.23
3.9
3.34
1.04
0.15
0.52
0.46
2.08
16.24
211.4
14.36
70.66
81.2
6.01
3.15
2.33
80.94
23.53
415
6.21
24.67
7.12
0.21
7.92
1.65
11.57
2.51
7.4
1.13
7.92
1.07
4.01
1.49
0.88
9.98
21.16
2.07

G68
68.68
0.36
16.09
2.36
0.04
1.32
2.87
5.01
2.56
0.16
0.59
27.49
2.55
3.88
33.69
21.8
6.26
13.54
2.06
40.9
21.09
70.28
779.43
5.96
136.71
13.48
0.85
2.05
732.63
27.72
47.61
5.03
18.56
2.84
1.01
1.88
0.25
1.33
0.23
0.6
0.09
0.66
0.09
4.12
0.88
0.35
19.21
10.19
2.55

G59
60.07
0.82
17.47
451
0.06
2.57
3.3
4.54
4.55
0.4
0.79
48.69
2.54
6.42
78.03
11.42
13.46
14.21
8.87
77.59
25.55
141.14
703.65
13.82
223.24
34.59
1.48
7.04
1634.6
49.31
93.1
10.3
38.29
6.1
1.96
4.09
0.58
2.98
0.55
1.61
0.21
1.58
0.21
6.17
2.44
0.65
26.72
16.75
5.8

G20
52
1.26
18.29
7.15
0.1
3.99
6.96
4.82
1.94
0.79
1.56
12.7
1.97
12.2
174
40
20.6
24.8
31.3
96
27.1
41.7
1615
18.6
437
275
1.6
0.84
1245
1445
217
21.6
68.5
9.07
2.53
5.94
0.78
3.63
0.66
1.72
0.26
1.52
0.26
8.7
0.9
0.17
10.4
15.55
2.01

G40
77.4
0.04
12.32
0.71
0.01
0.08
0.39
3.49
4.63
<0.01
0.74
4.9
3.98
6.2
5
<10
0.4
0.9
11
3
20.2
256
19
63.1
58
9.7
11.8
3.56
69
22.7
49.3
751
26.8
7.64
0.1
8.51
1.68
11.45
244
7.29
1.18
7.53
112
2.6
1.9
1.03
15.7
23.3
2.36

G55
77.34
0.07
12.94
0.33
<0.01
0.18
0.38
497
3.29
0.01
0.59
1.3
34
4.3
6
<10
0.2
11
3.1
4
17.2
76.5
387
61.8
93
11
4.5
0.089
395
32.8
69
8.8
315
7.55
0.36
7.8
1.46
9.54
2.08
6.47
1.03
6.57
1.03
3.8
14
0.31
5.7
20.3
4.06

G56
68.17
0.33
15.98
2.15
0.03
1.2
2.97
5.17
2.1
0.13
1.37
22.7
2.06
3.2
34
20
5.8
13.2
1.6
46
214
49.9
877
5.8
142
11.6
0.6
1.02
767
27.5
46.3
5.01
16.6
2.47
0.76
1.6
0.22
1.09
0.19
0.56
0.08
0.51
0.08
3.4
0.6
0.21
15.5
8.64
2.3

G57
59.41
0.8
16.78
4.19
0.08
3
3.94
4.45
4.15
0.36
1.41
26.5
2.84
10.6
93
60
14.6
294
10.9
78
24.9
119
681
15.6
203
33.6
17
6.38
1745
37.4
82
10.3
36.8
5.98
1.65
4.15
0.56
2.81
0.53
1.39
0.21
1.26
0.21
53
21
0.55
30.5
111
2.97

G70
67.13
0.36
16.28
231
0.04
1.25
2.92
5.19
2.38
0.13
0.9
25.6
2.02
3.7
37
20
6.06
14.4
0.9
50
21.7
62.8
875
5.9
141
12.4
0.6
2.1
825
31.7
53
5.86
18.4
2.73
0.82
1.77
0.24
1.21
0.21
0.55
0.08
0.52
0.09
3.7
0.7
0.3
17.8
9.3
1.6

G71
61.42
0.54
17.01
4.37
0.06
1.99
3.48
5.01
3.34
0.38
1.8
313
2.9
6.4
69
10
10.7
11.1

70
24.3
92.4
773
12.2
230
27.4

1.2
3.78

1110

51

89
9.73
31.2
4.6

1.2
3.12
0.39
2.21

0.4
1.14
0.17
1.06
0.17

5.6

1.7
0.38
24.1
12.1
3.23

G72
57.33
0.9
16.57
5.77
0.13
3.98
5.7
5.3
1.64
0.44
2.02
30.6
3.83
13.7
106
130
16.7
44
6.7
112
26
69.9
895
20.2
242
44.7
2.4
2.15
692
48.6
111
14.4
51.3
8.25
2.52
5.28
0.7
3.72
0.68
1.78
0.26
1.64
0.26
6.1
2.6
0.3
21.5
13.2
3.8

G73
57.39
0.82
15.82
6.58
0.12
4.36
4.21
3.57
5.1
0.46
1.02
53.5
271
13.4
97
150
19.5
96.4
3.9
122
26.6
151
507
15.4
249
30.8

4.19
2050
38.5
81.6
10.5
38.3
6.42
1.57
4.3
0.57
2.87
0.53
1.42
0.21
1.28
0.21

17
0.67
28.9
10.3
2.79

G77
58.79
0.81
16.53
4.94
0.08
3.07
4.09
4.45
3.96
0.35
2.43
24.7
3.07
11.8
95
60
14.5
28.9
12.2
80
23.6
110
667
15.4
196
33.7
1.7
55
1720
43
88.6
10.8
37.9
6.08
1.73
4.09
0.57
2.83
0.52
1.42
0.21
1.28
0.2

2.1
0.51
317
10.9

3.3
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Fig. 5. (a) Middlemost (1985) diagram to distinguish the igneous rocks of the area; based on this diagram, the samples
are placed in the range of granite, granodiorite, monzonite, and quartz monzonite. b) AFM diagram to distinguish calc-
alkaline igneous rocks from tholeiite which the samples of the Bagh Paein area are in the calc-alkaline range (Irvine and
Bargar 1971). c¢) Diagram (Miyashiro, 1974) to separate tholeiitic and calc-alkaline series, based on this diagram, the
samples are in the calc-alkaline range. d) Determining the position of the samples on the aluminum enrichment chart
(Shand, 1943), where samples are placed as Meta-aluminus and per-aluminus.
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Fig. 10. (a) K20 vs. Na20 plot (Chappell and White 2001) to distinguish type | from type S(b) granites. P205 versus
Si02 diagram for the differentiation of S and I granites (Chappell and White, 1992, 1999).
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Fig. 11. Y-Zr diagram to determine trends related to the partial melting (PM), fractional crystallization (FC), digestion
and fractional crystallization (AFC) based on secondary elements (Abdallah et.al., 1977).
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