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EXTENDED ABSTRACT

Introduction

Different types of magmatism are found in large
igneous rock states (Ernst 2014; Jowitt and Ernst,
2013; Hari et al., 2018). In Iran have been reported
many types of granitoid rocks I, S, and A, at different
times and geological settings and recently, there have
been many reports about the presence of A-type
granite in different parts of Iran, which are generally
the result of post-collision extensional activity
(Alirezaei and Hassanzadeh, 2012, Shafaii
Moghadam et al.,, 2015; Azizi et al. 2017,
Honarmand et al., 2017). Recent studies on tertiary
magmatism in Alborz show the effect of the
subduction pattern in the region as continental

magmatism (Valizadeh et al., 2008) -In Zanjan

province, in the western part of the Alborz mountain
range, the Khorasanlu granitoid mass is exposed into
the Eocene rocks. This paper has been attempted to
study the geochemistry of the Khorasanlu granitoid
mass as a part of the Alborz-Azerbaijan Tertiary
magmatism from the viewpoint of genesis and
tectono-magmatic setting.

Materials and methods

For this study, 60 rock samples were collected from
different types of intrusive. After microscopic
studies, 16 samples were chosen and were analyzed
in SGS Lab in Toronto, Canada. Major elements by
the ICP-95A method and trace elements by the IMS-
95A method were analyzed. than in the following,
with IGPET and GCDKIT software were drawn
diagrams and interpreted and analyzed.

Geological of the study area

The studied body is located 75 km south-east of
Zanjan city and north of Abhar and adjacent to the
villages of Gawdara and Alvand. The studied area is
located between the structural zones of the West-
Alborz - Azerbaijan (Nabavi, 1976), Central Iran
(Stocklin, 1997), as the northeast of the study area is
a part of the Soltanieh Mountains. The Paleozoic and
Mesozoic Alborz formations are outcrop there; in
general, almost all parts of the area are covered by
Cenozoic sedimentary units and igneous rocks.

Result and Discussion
Field and petrographic studies of the Khorasanlu

mass, representing a variety of monzonite, quartz
monzonite to granite in these rocks. The dominant
texture of these rocks is granular to porphyry
granular, and is less visible to perthitic, granophyre,
graphic, poikilitic, and sometimes mirmecitic
texture. The dominant volume of rocks is formed by
alkali feldspars, plagioclase and quartz. Also, biotite,
pyroxene, amphibole (green hornblende), and
opaque minerals are visible in rocks. Based on the
results of the geochemical analysis of the studied
samples have, the SiO; 56.04 to 71.2 wt.% contents,
relatively low TiO, contents (0.00 to 0.84 wt.%),
relatively high Al,Os (12.6 to 17.2 wt.%), Low CaO
and MgO content (1.5-23.5 wt.% and 0.1-44.49 wt.%
respectively), high Alkali contents (Na2O 2.9 to 3.7
wt.% and K;O 4.50 to 6.48 wt.%) and Fe,Ostot
contents between 2.81 to 7.37 wt.%.

The studied granitoid rocks in the chondrite-
normalized spider diagram show subparallel, linear
and homogeneous REE profiles with a moderate
positive slope from HREE to LREE, the REE
patterns have a low ratio of LREE/HREE, highly
fractionated LREEs, enrichment of LREE (Ce/Yb)n
=2.29 t0 4.66), and significant negative Eu anomaly.
A high ratio of HREE to LREE is one of the
characteristics in subduction regions rocks. In the
ORG-normalized spider diagram (Pearce et al.,
1984), the studied granites show Ba, Ta and Nb,
negative anomalies while Rb, Th, Ce, and U have
positive anomalies. Which is similar to the pattern of
post-collision granites (Pearce et al., 1984). In the
primitive mantle-normalized trace element diagram,
most samples show the characteristic negative
anomalies in Ba, Nb, Sr, P, and Eu.

The samples of the study area were plotted in the
alkali-calcic to alkalic fields on the Frost et al. (2001)
diagram and indicate that they have peraluminous
and mainly ferroan nature. Khorasanlu granitoid
samples on discrimination diagrams (Pearce et al.,
1984) and (Whalen et al., 1987) show within plate to
arc setting granitoeids. Based on the separation
diagrams of different types of granites, the studied
samples with a high Ga/Al ratio indicate A-type
nature also all samples show an A-type granitoid
signature.

Ax-type group has many similarities to the elemental
ratios of the average composition of crustal and
island arc basalts. In this group, magma is formed
from continental crusts or subducted crusts that have
been displaced through a cycle of continental-
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continental collisions or island arc magmatism. This
group is found in a wide range of tectonic settings
and includes post-collision granitoids and post-
orogenic granitoids (granitoids that are located at the
end of a long period of heat flow and granitic
magmatism) (Whalen et al., 1987; Eby 1992). Alborz
mountain range in northern Iran is a region with
active deformation, which is located in the
deformation zone due to the collision of two Eurasian

and Arabian plates (Allen et al., 2003; Zanchi et al.
2006). The study area is a part of the Alborz
mountain range and is a part of active continental
margin of neothetyan subduction zone.

And finally, based on all the evidence, it seems that
Khorasanlu granitoid is formed in an extensional
tectonic setting of the post collision in active
continental margin during rising of asthenosphere
and partial melting of lower crustal melts.
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ng_,.;j mu%&yb;&p\gh@\ Qﬂ)ICP'AES} ICP'MS u:j)m}.l.»l.wlf g‘_{.:;}.?}l.: aJ}J &WALT@LQ.‘ Jju\?
u,a:-L.’h)ASI t(Na20+K20)/A|203) (M&T u.a:-l_&)AI L@’)lf O)s u,;.hlf =LOI (C_m‘ a..l_&ui)‘_/,? ppm e ) k.';’)} Loy
(CRET ST LesL) MALI (FeO+0.9Fe;03)/(FeO+0.9Fe203+MgO) =Fe =5 L: Al/(Ca-1.67P+Na+K) 2((’-"“-“}” —
Na,0+K,0 +Ca0)
Table 1. Chemical analyses of the Khorasanlu plutonic by ICP-AES and ICP-MS. Main oxides and trace elements are
given in wt.% and ppm, respectively. LOI= Lost on ignition, Al (Agpatic Index: (Na20+K>0)/Al;03), ASI (Aluminum

Saturation Index)= Al/(Ca-1.67P+Na+K), Fe-Index= (FeO+0.9Fe,03)/(FeO+0.9Fe,0s+MgO), MALI= (Modified alkali
lime index: Na,O+K,0 +Ca0)

Sample No. KA104 KA106 KA110 KA112 KAl114  KAL16 KA117 KA119 KA120
SiO2 62.00 61.20 61.70 62.90 61.90 60.30 56.70 56.40 63.60
TiO2 0.63 0.63 0.70 0.59 0.59 0.84 0.82 0.77 0.71
Al2O3 15.40 14.90 14.90 15.20 14.80 17.20 15.50 16.00 16.60
Fe203 5.06 4.94 5.92 4.31 4.38 7.07 7.37 7.15 5.30
MnO 0.15 0.15 0.14 0.14 0.11 0.10 0.16 0.20 0.11
MgO 1.09 1.03 1.52 0.68 0.78 1.44 2.49 2.77 1.28
CaO 3.12 3.01 3.55 2.38 2.45 4.03 4.58 5.55 3.37
Na2O 3.40 3.20 3.30 3.50 3.40 3.30 2.90 3.10 3.70
K20 6.15 5.90 5.62 6.46 6.34 4.98 4.81 4.58 5.50
P20s 0.23 0.23 0.32 0.19 0.20 0.47 0.41 0.30 0.34
Cr20s <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
LOI 0.66 0.63 0.77 0.73 0.89 0.93 1.10 111 1.10
Total 97.90 95.90 98.50 97.00 95.90 100.70 96.80 97.90 101.60

\ 68.00 57.00 97.00 40.00 43.00 134.00 158.00 178.00 92.00
Co 8.70 9.10 10.90 5.20 5.30 11.90 16.30 18.40 8.30
Ni 6.00 <5 13.00 7.00 5.00 9.00 10.00 19.00 5.00
Cu 46.00 74.00 81.00 37.00 51.00 15.00 29.00 60.00 26.00
Zn 98.00 82.00 96.00 120.00 57.00 69.00 58.00 139.00 101.00
Ga 18.00 18.00 19.00 19.00 19.00 18.00 18.00 18.00 16.00
Rb 263.00  270.00 265.00 292.00 293.00 161.00 175.00 165.00 179.00
Sr 370.00  330.00 380.00 280.00 290.00 500.00 520.00 570.00 420.00
Y 30.40 31.10 39.10 33.70 34.90 26.30 28.70 25.80 28.20
Zr 311.00  298.00 215.00 355.00 378.00 202.00 196.00 166.00 210.00
Nb 25.00 27.00 27.00 29.00 29.00 16.00 16.00 13.00 17.00
Mo 9.00 8.00 8.00 8.00 7.00 <2 <2 <2 2.00
Sn 4.00 3.00 4.00 4.00 4.00 2.00 2.00 2.00 3.00
Cs 7.00 8.40 11.50 7.10 8.50 2.30 3.00 2.20 4.70
Ba 580.00  490.00 490.00 490.00 490.00 750.00 810.00 790.00 870.00
La 39.20 44.20 56.80 43.70 44.50 28.70 30.40 29.50 34.20
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Table 1 (Continued). Chemical analyses of the Khorasanlu plutonic by ICP-AES and ICP-MS. Main oxides and trace
elements are given in wt.% and ppm, respectively. LOI= Lost on ignition, Al (Agpatic Index: (Na20+K;0)/Al;O3), ASI
(Aluminum Saturation Index)= Al/(Ca-1.67P+Na+K), Fe-Index= (FeO+0.9Fe;03)/(FeO+0.9Fe,03+Mg0O), MALI=
(Modified alkali lime index: Na,O+K>0 +Ca0)

SampleNo. KA104 KA106 KA110 KA112 KA114 KA116 KA117 KA119 KA120

Ce 76.10 85.20 105.00 85.50 86.30 64.70 65.60 58.20 66.70
Pr 8.95 9.76 12.30 9.88 10.10 8.13 8.17 7.24 8.09
Nd 31.30 33.20 42.50 34.20 35.00 29.90 30.10 25.90 28.90
Sm 6.20 6.50 8.40 6.80 6.90 6.00 6.20 5.50 6.30
Eu 1.06 1.03 1.06 0.97 1.00 1.29 1.41 1.24 1.25
Gd 5.56 5.59 7.09 5.73 6.01 5.37 5.43 4.89 5.29
Th 0.89 0.91 1.15 0.95 0.92 0.82 0.84 0.79 0.83
Dy 5.19 5.22 6.85 5.59 5.82 454 4.96 4.60 4.93
Ho 1.03 1.04 1.33 1.16 1.15 0.91 0.98 0.91 0.95
Er 3.30 3.32 4.19 3.52 3.74 2.77 3.03 2.73 2.87
Tm 0.53 0.52 0.64 0.58 0.60 0.40 0.44 0.39 0.42
Yb 3.60 3.50 4.50 4.00 4.00 2.70 2.90 2.70 2.90
Lu 0.58 0.60 0.72 0.64 0.63 0.44 0.49 0.43 0.48
Hf 8.00 8.00 6.00 10.00 10.00 6.00 5.00 5.00 6.00
Ta 1.60 1.80 2.00 2.00 1.80 1.10 1.00 0.90 1.10
W 3.00 3.00 4.00 4.00 5.00 1.00 2.00 2.00 2.00
Th 39.00 23.60 26.00 21.00 29.50 13.70 13.20 10.80 13.70
U 15.70 6.97 8.92 7.28 12.70 3.91 4.41 3.05 3.32
Al 0.62 0.61 0.60 0.66 0.66 0.48 0.50 0.48 0.55
Y 7.07 7.23 9.09 7.84 8.12 6.12 6.67 6.00 6.56
Ybn 8.18 7.95 10.23 9.09 9.09 6.14 6.59 6.14 6.59
Sry 18.59 16.58 19.10 14.07 14.57 25.13 26.13 28.64 21.11
Nbn 37.88 40.91 40.91 43.94 43.94 24.24 24.24 19.70 25.76
Rbn 43833  450.00  441.67  486.67  488.33 26833 29167 27500  298.33
Tan 40.00 45.00 50.00 50.00 45.00 27.50 25.00 22.50 27.50
Thn 48750  295.00  325.00 26250 368.75  171.25  165.00  135.00  171.25
ASI 0.84 0.85 0.85 0.82 0.81 1.05 0.97 0.95 0.94
MALI 6.43 6.09 5.37 7.58 7.29 4.25 3.13 2.13 5.83
Fe index 0.81 0.81 0.78 0.85 0.84 0.82 0.73 0.70 0.79
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Table 1 (Continued). Chemical analyses of the Khorasanlu plutonic by ICP-AES and ICP-MS. Main oxides and trace
elements are given in wt.% and ppm, respectively. LOI= Lost on ignition, Al (Agpatic Index: (Na20+K;0)/Al;03), ASI
(Aluminum Saturation Index)= Al/(Ca-1.67P+Na+K), Fe-Index=(FeO+0.9Fe,;03)/(FeO+0.9Fe,03+Mg0), MALI=
(Modified alkali lime index: Na,O+K0 +Ca0)

Sample No.

KA124 KA126 KA128 KA122 KAl127 KA118 KA1l15

SiO2
TiO2
Al;O3
Fe20s3
MnO
MgO
CaO
Na20
K20
P20s
Cr20s
LOI
Total
\
Co
Ni
Cu
Zn
Ga
Rb
Sr
Y
Zr
Nb
Mo
Sn
Cs
Ba
La
Ce

71.20
0.36
13.00
2.81
0.08
0.44
1.33
3.10
5.69
0.07
<0.01
0.82
98.90
24.00
3.30
9.00
25.00
65.00
16.00
320.00
120.00
38.00
341.00
37.00
2.00
4.00
10.20
330.00
49.80
94.20

68.50
0.37
12.60
2.90
0.05
0.43
1.19
3.10
5.70
0.08
<0.01
0.74
95.70
25.00
4.40
9.00
21.00
30.00
16.00
320.00
120.00
36.90
376.00
36.00
2.00
5.00
7.30
290.00
43.60
86.70

70.80
0.38
13.10
3.02
0.05
0.44
1.23
3.10
5.86
0.06
<0.01
0.77
98.80
28.00
4.10
8.00
11.00
34.00
17.00
339.00
120.00
38.10
397.00
38.00
2.00
6.00
7.80
300.00
45.90
90.20

70.70
0.37
13.00
3.01
0.05
0.43
1.22
3.10
5.85
0.06
0.10
1.12
99.01
27.00
4.10
9.00
20.00
33.00
17.00
330.00
120.00
37.10
394.00
37.00
2.00
5.00
7.60
300.00
43.70
86.60

69.10
0.36
12.50
2.88
0.04
0.44
1.20
3.20
5.60
0.07
0.10
0.79
96.28
24.00
4.30
5.00
22.00
31.00
16.00
321.00
120.00
36.90
375.00
36.00
2.00
3.00
7.20
291.00
43.50
86.60

62.10
0.36
15.40
4.34
0.17
2.48
4.57
2.90
4.80
0.43
0.10
1.40
99.05
157.00
16.20
10.00
30.00
59.00
18.00
176.00
520.00
28.60
195.00
16.00
2.00
4.00
3.10
815.00
30.30
65.70

62.00
0.61
14.70
7.35
0.12
0.77
244
3.30
6.32
0.25
0.10
0.95
98.91
42.00
5.20
5.00
50.00
56.00
19.00
294.00
290.00
34.90
378.00
29.00
2.00
5.00
8.60
495.00
44.30
86.20
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Table 1 (Continued). Chemical analyses of the Khorasanlu plutonic by ICP-AES and ICP-MS. Main oxides and trace
elements are given in wt.% and ppm, respectively. LOI= Lost on ignition, Al (Agpatic Index: (Na20+K;0)/Al;03), ASI
(Aluminum Saturation Index)= Al/(Ca-1.67P+Na+K), Fe-Index= (FeO+0.9Fe;03)/(FeO+0.9Fe,03+Mg0), MALI=
(Modified alkali lime index: Na,O+K>0 +Ca0)

Sample No. KA124 KA126 KA128 KA122 KA127 KA118 KA115

Pr 10.30 9.84 10.40 10.30 9.88 8.19 10.20
Nd 34.60 33.00 34.70 34.10 33.00 30.20 35.00
Sm 6.40 6.40 6.70 6.50 6.30 6.20 6.80
Eu 0.60 0.61 0.56 0.60 0.63 1.20 1.10
Gd 5.46 5.52 5.68 5.52 5.55 5.44 6.02
Tb 0.94 0.92 1.01 1.01 0.93 0.85 0.92
Dy 6.07 5.87 6.01 6.00 5.88 4.95 5.81
Ho 1.21 1.23 1.28 1.23 1.22 0.99 1.20
Er 4.14 4.09 413 4.10 4.07 3.01 3.72
Tm 0.72 0.67 0.71 0.70 0.66 0.43 0.67
Yb 4.90 4.70 5.00 4.90 4.60 2.90 4.10
Lu 0.82 0.81 0.82 0.81 0.82 0.51 0.64
Hf 11.00  11.00 12.00 11.00 11.00 5.00 10.00
Ta 3.20 3.10 3.20 3.10 3.20 1.10 1.90
w 2.00 2.00 2.00 2.00 2.00 2.00 2.00
Th 4650  48.20 46.50 46.40 48.10 13.10 29.40
U 1260  15.30 14.70 14.60 15.40 4.42 12.60
Al 0.68 0.70 0.68 0.69 0.70 0.50 0.65
YN 8.84 8.58 8.86 8.63 8.58 6.65 8.12
Ybn 1114  10.68 11.36 11.14 10.45 6.59 9.32
Sry 6.03 6.03 6.03 6.03 6.03 26.13 14.57
Nbn 56.06  54.55 57.58 56.06 54.55 24.24 43.94
Rbn 533.33 533.33  565.00 550.00  535.00  293.33  490.00
Tan 80.00  77.50 80.00 77.50 80.00 27.50 4750
Thn 581.25 60250  581.25  580.00 60125  163.75  367.50
ASI 0.81 0.79 0.80 0.80 0.78 0.97 0.82
MALI 7.46 7.61 7.73 7.73 7.60 3.13 7.18
Fe index 0.85 0.86 0.86 0.86 0.86 0.61 0.90
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Fig. 4. Plotting of samples from Khorasanlu granitoid from Zanjan on diagrams of A: Middlemost (1985) diagram, B:
Cox et al. (1979), and C: De La Roche et al. (1980)
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Normalized to Ocean ridge granite (Sun and McDonough, 1989)
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Fig. 9. A, B, C, D: The situation of the Khorasanlu granitoid samples on discrimination A-type granitoids diagrams; E, F
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normalized to Silicate Earth (McDonough and Sun, 1995)
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Petrogenesis of A-Type Khorasanlu Granitoid, Southeast of Zanjan: evidence for Eocene Extensional ...
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