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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 Khosraqi 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

* Corresponding author: zarei.r@lu.ac.ir
DOI: 10.22055/aag.2024.47431.2464
Received: 2024-09-16

Accepted: 2024-12-12

g8 ISSN: 2717-0764



aVa

Shahid Chamran Adv. Appl. Geol. Spring 2025, Vol. 15(1): 88 - 107

University of Ahvaz

elements and minor and rare elements by XRF and ICP-MS methods, respectively, and sent to the Institute
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.
CorelDRAW and GCDXkit 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; P1 = Plagioclase; afs =
Alkaline feldspar.
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Table 1: Chemical analysis results of the studied samples.

Symbol
Si0,
TiO,

AlLOs
Fe,04
MnO
MgO
CaO
Na,O
K,0
P,0s
LOI
Li
Be
Sc
\%
Cr
Co
Ni
Cu
Zn
Ga
Rb
Sr
Y
Zr
Nb
Sn
Cs
Ba
La
Ce
Pr
Nd
Sm
Eu
Gd
Tb
Dy
Ho
Er
Tm
Yb
Lu
Hf
Ta
Tl
Pb
Th
U

G63
76.32
0.07
13.49
0.48
0
0.06
0.89
4.41
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
222
3.52
3433
20.34
6.28
12.99
1.95
46.27
20.66
57.97
771.05
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
71.79
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
1.13
421
1.32
0.62
10.91
26.58
3.44

G42
79.16
0.04
11.86
0.36
0
0.04
0.3
33
4.77
0.02
0.45
1.79
3.23
39
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
233
80.94
23.53
41.5
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
33
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
l1.61
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
27.5
1.6
0.84
1245
144.5
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
71.4
0.04
12.32
0.71
0.01
0.08
0.39
3.49
4.63
<0.01
0.74
49
3.98
6.2
5
<10
0.4
0.9
1.1
3
20.2
256
19
63.1
58
9.7
11.8
3.56
69
22.7
493
7.51
26.8
7.64
0.1
8.51
1.68
11.45
2.44
7.29
1.18
7.53
1.12
2.6
1.9
1.03
15.7
233
2.36

G55
77.34
0.07
12.94
0.33
<0.01
0.18
0.38
4.97
3.29
0.01
0.59
1.3
34
4.3
6
<10
0.2
1.1
3.1
4
17.2
76.5
387
61.8
93
11
4.5
0.089
395
32.8
69
8.8
31.5
7.55
0.36
7.8
1.46
9.54
2.08
6.47
1.03
6.57
1.03
3.8
1.4
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
32
34
20
5.8
13.2
1.6
46
21.4
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
29.4
10.9
78
249
119
681
15.6
203
33.6
1.7
6.38
1745
374
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
2.1
0.55
30.5
11.1
2.97

G70
67.13
0.36
16.28
2.31
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
437
0.06
1.99
3.48
5.01
3.34
0.38
1.8
31.3
2.9
6.4
69

10.7
11.1

70
243
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
221

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
53
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
447
2.4
2.15
692
48.6
111
14.4
513
8.25
2.52
5.8
0.7
3.72
0.68
1.78
0.26
1.64
0.26
6.1
2.6
0.3
215
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
535
2.71
13.4
97
150
19.5
96.4
39
122
26.6
151
507
15.4
249
30.8

4.19
2050
385
81.6
10.5
383
6.42
1.57
43
0.57
2.87
0.53
1.42
0.21
1.28
0.21

1.7
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
243
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
5.5
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
31.7
10.9

33
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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. 6. Harker diagrams to study the main elements in the studied samples

14



\ o)Lo.i: N0 0)5d AF-¥ )Le)’

a

“n - R . . “.
A8 e Lgdﬁ)ls stl-w O+ ],‘;"'Iorf/:“-:a¢b

b S 5l il LSl adgi o aiwg i odumsylis
o, e olaail S il g8 argy 4 ouds S5 slaleSle
(HFSE) YL g,Jal loe b jole o Sob 45 Col
oiled b las e sl dasin 0 Nb g Ti L
yolie SeSie logai «(bA) JSi .(Pearce, 1982) vl o
Ol ool aS Cenloads ools (lis cuyuuS @ cos S
Slp oless Liise [ Kily a5 aily ez &g,y bediges jloges
g Gl bl adlioe (B8 ek rizren 5 oS
Sassé ol HFSE ols 4 cod LILE ol
SIS slaSins 5 Shoogas el ol a5 il e
robie Jlade frzmen ol (glo)l8 ail> ilg,8 3bl
g el (8w jolie 4 Cand M cod b Sew
adgl J=lye 5o LSle g2y Jodo 4 b g (oboSle Siula
b g Slo Loy 3, YD 5 Y (e 530S jolie S0
Bils S )0 )5 0505 Kk wilgs oo 4S5 w0 L
Ol FoSam yolie & Cond S Sew polie (Sab
Siile s ablie o eud Sas JISITSIS clalaSle suias
4y dsdes JrS el b Bu Jlogil aily e
i (ol wil oo iy LSle yo DSy (Fwi5,S
s S 5e Sl 5l DS b laa axs wilgs e Eu
S oS5 ) Pl piduogd e a4 b g ol
Eu e Jbgl umen il 58 WL oKl
@by LSl jols bl Jlwalds 05k Gralar suimslas
el s s cisuesd sl ofiuls s o uile b
@ S 0dd gy sl jlogad o (Irber,1999) vl
) Sassé @bAgle JS2) ady) aing 5 oy,
e ©)08 5 Vb gy gled b olie) LILE JI55LL obic
O O lae ©,08 L Lole) HFSE 5 Sal 5 5 (o5
6‘0)6 gy ‘).:) 09_-4.:‘50 osls Cns LSl Lg‘wy oKwls
Hooper et al., ) cwl s, LILE ;I 4 5 HFSE ;|

(977

L ponisS pj canlllae 0,50 (sladiges Zr-Si02 jlogai ;o
Slde 5o Gt iz b Rl ks I3
S (glde ;0 55 05 oyl &5 Sl oaianilis pydsS )
> b g wlails sg2g Wloswl 0429 4y o1 5l leeedl 3 0l
S by mdS py cdale ol oag gldl (oS ;5 5l Sl
poe Jake el Jae G L g SRS S 5
ol o Ll 55 g 08 ooy 2015 (B) g
DBl ge (Sagm wile) )l yaie ) glal>dle LB polis
oo o)k (RalS rizmes WAL 3529 Sty O)j90 4
ks U pae p (s Wl oo ke e alEl L
oGSl Jed o s (B a5 el L e
Lo (raens slajlogas jo ol (ol a5 wll baasendl s
2 Eu it Jbgl 0gd 0 0apd 55 adhie slacKiw
Lite Joma )0 9232k ja St (s gl sladiges
by (2509 «shok God (b 5o Sl I Lwald iolax
asle WSl 3 (b o il Y il
.(Rollinson, 1993)
SVt g i Glie onp Sl SeSae slajloges
O eizred 5 adgl GlaleSle 4 Cos Wge slaleSTe
W)10,95 5 sy Cosal Sl lagl (Sy LU Lace
590 GBSt S 0l yolic JeuSie loges (ah JS)
Sun and ) wleas ojdle 5 adgl atisgS a Cans &S dalllas
yolie o Sab € loges pl o .(McDonough 1988
sl (HFSE) ol 4 curs Cs Rb, K sz (LILE)
SlSl & Lo b Sy ol 45 045 o0 00y Py Nb.Ti
sihs e 4wy sy 5 SIS
yole o Sas e opl (Wilson,1989; Winter,2001)
Slgi o HFSE YU flage &y03 b yolic 4y cows LILE
oS shuogd Sl Sl jo sl Gl saaslis
il Vb atgy glaKin b LSl Sogll | g olfauls o
Pl sla Sl jpam @ ol (oo [, NDSTI o (Sai 45
(olbondsss s Shy onl b cad LSl oKl o
oz g (Stern,2004) el SleSle sboles ol
5 0l @il 5 (oosiledl anugy (uilisyd 150 alacSin
S pa> Gizmen lossl S92y 4 lALLGT 055 098
Praic pals sose LYo 5l LSL oKuls o cusl]



a

: P . '
\ol.o..;';s\()o ds\f’f'.e) A8 S lf Lo.w 1 . ‘p
) )9 s P NOS ST Rt P ),.,7;0,,/:’,, Iy
"
?
w | A
] A g J A
g
S A MA
5
A 27
a a4 & A
A s A
e | A - A
- £
AL Y A % Y
g
3 ‘A = AL
A A
A A A
2 T T T T T ° T T T T
50 55 60 65 70 75 80 50 55 &0 65 70 7% 80
SI0, S0,
& 8
a s -
g
g
g4
g | &
g g |
] FY L]
A
g e 8 4
g
Ady LY S -
8 » ) A _AA =
g
N ] s A o
A A
Ah
2 AA A
g T T T &~ T T
50 55 60 65 70 75 80 50 55 60 65 70 75 80
Si0, Si0,

adllas 950 slodiges (258 yolis SlasnST sl Sl b loges -V IS4
Fig. 7. Harker diagrams for the oxides of minor elements of the studied samples.

(a)

Sampie/ N\VORS

Sample'REE chondrte

Sun and ) wloass il @ole adgl aiingS @ Cans a5 Fgyo 3] S S ol jole SeSie jloges (@) -A S
(Boynton1984) g ;0S4 & e REE 55.50e o503 (b) .(McDonough1988

Fig. 8. (a) Spider diagram of rare earth elements of Pulotonic igneous rocks normalized to the primary mantle.
(Sun and McDonough 1988); b) Spider diagram of REEs relative to chondrite (Boynton 1984).
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