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Abstract: Incheh granitoid intrusive body is located in east of Heris, East-Azarbaidjan. It 

intruded the older rock units including the Sonajil sub-volcanic stock (upper Eocene-lower 

Oligocene) of micro-diorite porphyry composition. The Incheh intrusive ranges in 

composition from diorite through syeno-diorite to quartz-diorite. The major constituent 

minerals include plagioclase, hornblende, and pyroxene accompanied by minor amounts of 

biotite, alkali-feldspars, quartz, olivine, epidote, and tourmaline. These rocks feature 

dominantly porphyritic texture, however, granular, trachytoid, and ophitic textures are also 

sporadically present. The Incheh intrusive has been evolved by the influence of magmatic 

differentiation, fractional crystallization, assimilation, and crustal contamination. Chemical 

analyses show that the rocks of Incheh intrusive are chiefly metaluminous, and belong to 

high-K calc-alkaline to shoshonitic magma series. From the viewpoint of tectonic 

environment, the Incheh body was emplaced in a post-collision volcanic arc and an active 

continental margin setting. 

Keywords: Incheh, Sonajil; Okuzdaghi; Differentiation index; Calc-alkaline series; Post-

collision arcs. 
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 G106 G16 G51 G58 G94 T18 T27 T28 T39 T40B T44  T55 T56B  T8 T85 T87 T97 T111 T114 T119 T120B T122  

SiO2 (%) 57/59  05/60 33/59 02/60 33/57  72/59 09/52 34/51 16/54 27/55 98/53 04/64 71/65 61/59 93/53 16/54 9/53 46/52 74/52 97/49 45/51 69/59  

Al2O3(%) 71/18 71/17 6/18 86/18 45/18 73/18 89/18 95/18 56/17 13/17 18/15 34/18 69/17 02/18 97/17 36/19 06/19 25/18 61/18 53/18 09/19 82/18 

FeO (%) 01/2 22/2 82/1 8/1 93/2 27/2 56/4 8/4 46/3 42/3 67/2 56/1 42/1 43/3 75/3 13/4 4/3 33/4 14/4 32/4 52/4 82/1 

Fe2O3 (%) 1/2 23/2  94/1 96/1 67/2 05/2 17/3 41/3 61/2 96/2 89/1 66/1 53/1 04/3 33/3 05/3 01/3 37/3 9/3 01/3 42/3 29/2 

CaO (%) 81/4 98/4 79/4 22/5 92/5 65/5 54/6 29/6 43/6 46/6 5/8 06/3 26/3 35/5 41/4 77/5 81/4 67/5 44/5 44/6 91/5 4/2 

MgO (%) 33/1 54/1 02/1 28/1 08/2 6/0 49/3 77/3 21/4 78/3 31/2 83/0 75/0 46/1 22/3 66/3 25/3 05/4 81/3 57/3 95/3 29/1 

Na2O (%) 74/4 25/4 81/4 05/5 02/4 5/4 53/3 47/3 81/3 11/4 82/2 09/6 83/5 58/4 95/4 56/3 57/3 12/3 55/3 35/3 92/3 66/4 

K2O (%) 65/2 81/2 75/2 19/2 25/2 56/2 64/2 65/2 41/2 33/2 85/2 82/1 81/1 44/2 03/3 49/2 48/4 74/3 64/3 02/3 84/2 94/5 

TiO2 (%) 51/0 5/0 48/0 5/0 7/0 49/0 82/0 77/0 69/0 65/0 72/0 42/0 43/0 54/0 68/0 75/0 77/0 92/0 87/0 82/0 87/0 58/0 

MnO (%) 07/0 08/0 07/0 07/0 1/0 08/0 17/0 19/0 14/0 15/0 15/0 04/0 04/0 08/0 18/0 18/0 15/0 19/0 24/0 13/0 17/0 13/0 

P2O5 (%) 24/0 2/0 2/0 21/0 21/0 22/0 28/0 26/0 19/0 2/0 26/0 16/0 17/0 24/0 37/0 29/0 36/0 39/0 38/0 41/0 44/0 25/0 

LOI (%) 02/2 69/1 37/2 83/1 61/2 74/2 41/1 57/2 86/2 22/1 11/8 45/1 93/0 93/1 24/3 72/1 42/2 51/2 97/1 36/5 35/2 55/1 

Total 25/99 79/98 64/98 34/99 9/99 1/100 47/98 43/99 22/99 13/98 92/99 83/99 94/99 97/99 91/99 94/99 89/99 85/99 61/99 77/99 83/99 86/99 
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 G106 G16 G51 G58 G94 T18 T27 T28 T39 T40B T44 T55 T56B T8 T85 T87 T97 T111 T114 T119 T120B T122 

Ba (ppm) 1015 1010 991 960 997 977 946 1060 930 918 640 839 1510 984 1105 1325 945 943 1055 960 1010 1205 

Ce (ppm) 8/42 6/44 5/36 4/40 2/38 1/40 4/46 4/41 6/33 3/37 5/43 8/25 4/26 3/43 5/53 49 6/74 8/64 2/61 3/57 2/63 5/88 

Co (ppm) 12 1/11 8/9 7/9 6/14 9/11 1/22 7/22 8/19 7/21 17 7 2/5 8/12 2/17 19 19 21 6/18 8/22 9/22 5/5 

Cr (ppm) 20 20 10 20 20 10 10 10 150 150 290 10 10 20 10 10 10 20 10 10 10 10 

Cs (ppm) 54/1 83/3 38/6 44/4 48/4 18/5 32/4 56/6 28/3 89/2 13/3 83/4 52/2 77/3 2/50 25/6 22/5 39/3 23/9 22/1 41/2 34/7 

Cu (ppm) 102 69 140 61 44 140 135 133 122 235 46 284 273 138 182 103 41 186 104 94 73 30 

Dy (ppm) 95/1 13/2 87/1 82/1 61/2 23/2 28/3 14/3 57/2 78/2 09/2 1 93/0 18/2 93/2 1/3 82/3 96/3 89/3 24/3 5/3 32/4 

Eu (ppm) 88/0 87/0 81/0 93/0 02/1 91/0 38/1 3/1 96/0 02/1 96/0 6/0 6/0 96/0 38/1 33/1 42/1 48/1 64/1 5/1 54/1 6/1 

Gd (ppm) 8/2 02/3 58/2 81/2 36/3 78/2 39/4 97/3 1/3 21/3 3 49/1 56/1 83/2 09/4 05/4 07/5 47/5 26/5 63/4 8/4 69/5 

Hf (ppm) 6/3 3/4 7/3 5/3 5/3 7/3 9/3 1/3 2/3 3/3 1/3 3 3/3 6/3 8/2 7/3 8/5 3/5 1/5 1/3 7/3 5/7 

Ho (ppm) 38/0 43/0 37/0 36/0 51/0 46/0 67/0 64/0 52/0 56/0 51/0 21/0 19/0 51/0 68/0 71/0 87/0 0/9 87/0 72/0 8/0 99/0 

La (ppm) 1/24 4/25 7/20 4/22 4/20 6/21 9/24 2/22 4/18 8/19 6/24 6/13 14 2/23 6/28 4/25 40 9/32 5/31 9/30 2/33 5/48 

Lu (ppm) 18/0 21/0 15/0 14/0 22/0 19/0 28/0 27/0 22/0 23/0 21/0 08/0 08/0 21/0 26/0 28/0 41/0 36/0 35/0 28/0 31/0 48/0 

Nb (ppm) 7/6 9 4/6 3/6 6/7 8/7 8/7 3/6 9/5 7/6 2/12 4/5 7/5 9/7 6/6 9/8 2/20 8/12 13 4/9 6/10 8/23 

Nd (ppm) 1/18 5/18 16 6/17 4/17 2/17 6/21 4/20 6/15 4/17 9/16 5/10 7/10 2/18 3/23 4/22 5/29 7/29 6/28 7/25 27  7/34 

Ni (ppm) 11 7 7 9 9 8 13 12 33 34 79 9 8 11 10 15 13 15 12 11 12 7 

Pb (ppm) 13 21 16 24 12 16 18 10 9 12 12 10 10 17 8 11 11 10 6 17 10 23 

Rb (ppm) 65 4/90 5/86 7/54 5/59 76 9/71 3/59 2/51 57 1/80 40 3/40 6/75 76 6/66 5/159 7/89 5/105 6/64 57 194 

Sm (ppm) 31/3 36/3 89/2 19/3 35/3 22/3 58/4 26/4 16/3 6/3 03/3 8/1 86/1 31/3 51/4 38/4 83/5 88/5 74/5 92/4 24/5 23/6 

Sr (ppm) 1010 931 1030 948 858 919 890 837 644 956 595 993 1030 990 1115 788 788 855 892 992 928 510 

Ta (ppm) 6/0 8/0 5/0 6/0 6/0 6/0 5/0 5/0 5/0 7/0 9/0 4/0 3/0 7/0 5/0 5/0 3/1 8/0 9/0 6/0 7/0 4/1 

Tb (ppm) 38/0 4/0 34/0 38/0 48/0 41/0 62/0 6/0 47/0 5/0 39/0 16/0 15/0 39/0 55/0 56/0 69/0 74/0 75/0 6/0 68/0 83/0 

Th (ppm) 98/4 74/8 34/5 4 38/4 34/6 51/7 61/5 71/4 31/5 78/6 49/2 72/2 36/6 38/5 42/7 85/18 55/11 1/11 38/8 61/9 3/22 

Tm (ppm) 16/0 19/0 16/0 17/0 21/0 19/0 27/0 26/0 22/0 23/0 17/0 05/0 03/0 17/0 24/0 26/0 35/0 33/0 33/0 24/0 28/0 45/0 

U (ppm) 52/1 65/2 64/1 24/1 44/1 1/2 33/2 74/1 49/1 67/1 93/1 89/0 85/0 2/2 75/1 89/1 63/5 55/3 33/3 44/2 94/2 72/6 

V (ppm) 108 116 112 110 177 120 225 235 206 203 140 83 83 145 212 205 201 255 239 241 273 88 

Y (ppm) 5/10 2/12 2/10 8/9 8/13 12 8/16 6/16 9/13 3/14 4/13 1/6 6/5 4/13 2/17 4/17 1/22 2/22 22 4/18 4/19 5/25 

Yb (ppm) 04/1 24/1 98/0 94/0 38/1 26/1 8/1 73/1 48/1 6/1 22/1 48/0 49/0 19/1 61/1 72/1 36/2 19/2 01/2 7/1 8/1 76/2 

Zr (ppm) 109 5/128 5/113 5/113 5/107 5/110 118 6/91 7/90 5/97 123 119 5/128 5/134 107 5/151 249 210 205 126 5/152 320 
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collisional arc) � �$�*�6.$����� 3��
$ "� # /
>�=#�$ �&�� 

D# p� \�B	 ]�$���	 ��.��$3� ).  

  

www.SID.ir



Arc
hi

ve
 o

f S
ID

/.�-�3
1� �0�$% �;�- ���678 4.45+�1� � 204

  

  

  

  

  

  

  

  

  

  

  

  

  
@�@�@�@� P P P P12  ���$� J�� TiO2-Al2O3�Y-Zr�Zr/Al2O3-TiO2/Al2O3  �Ce/P2O5-Zr/TiO2  ]18[ B# �$��..B* � /.� !� "� # �DI�� /.�% �� 

$
�&� )WIP  :B* �.�2!: PI$� �$� AR  :_ * �� �D��$���� ��A!A#(� CAP  :_ *�$ -� 0��* \�B	$� PAP  :_ * �� I�� )E IOP  : _ *

*$.� ��� %�U(
/LOP   :_ * *$.� ��� I�#.��.(  

  

  

  

  

  

  

  

  

  
  

 P@� P@� P@� P@�13  �$� J���� 9D� ��.�JD� 0�
<2� "3��8.b��� �DI�� /.�% g4D�� )A( )Rb/30-Hf-3Ta (� )B) (Rb/10-Hf-3Ta( ]19[.  

        

        

        

        

        

        

        

 P@� P@� P@� P@�14   �$� J� A/CNK-A/NK]20[ �J# �$��
< 0� #��� �3.K D.�$�6 � �(�E.� �(�D� %$ _ �._ �.  

www.SID.ir



Arc
hi

ve
 o

f S
ID

�������� ������ � ����� �&�
$ �� !� "� # �
$%)�*�� +�,
����( �)
�� '��( 205

        

        

        

        

        

        

        
        

  

 P@� P@� P@� P@�15  �$� J� )A ( Nb - Y� )B (Rb - (Y + Nb) ]16[ $�� �8� 0��3��� ��3.K D.�$�6 � ��8 ���3��� .�� J� Za5$ ]��  �$� LJ� �� ��B  ��

)E "�D�6�� I��� E.����A� E. _�]17[ �D	�6 �$�*3�$.  

        

  

  

  

  

  

  

  

  

  
  

 P@� P@� P@� P@�16  )A( �$� J�(Na2O + K2O - CaO) - SiO2 ]21[  ��;B#..K�J6�� ���� /�  �)B(  �$� J�(FeOt/FeOt + MgO) - SiO2  

]21[ B# ��;..# /.�$�6 ~.K D.��3� $ ��f��
�&�.  

  

        

        

        

        

        

        

        

        

        

        

        

        
        

 P@� P@� P@� P@�17 # =@�5 �$� J�� $�� 03� Z��� J8 �:��5.� !� 0� # m�� $
S7E �� �=�� �8 �&�
�$�6 .���� *$ +�.� r�@�. L� ��� (ORG)   ��L,���

03���� � 3�$
0�$� �� ���( e���� � �� x ���.4� )���3.K D.�$�6 ��A!A#( _ *� (]16[.  

www.SID.ir



Arc
hi

ve
 o

f S
ID

/.�-�3
1� �0�$% �;�- ���678 4.45+�1� � 206

  

�$��3* � �@A#�$��3* � �@A#�$��3* � �@A#�$��3* � �@A#����  

$ +�63���C�
3� %$ ����� /
�
 � �$ � F�	�AD8$ � �$ ?�D2� �

�2#.4� �8�� �B� # � X� ��:
$ )� M
 ?�D2� ����B� �+$�

h2#.J@# F7.4� �=# 0�CA�$�
�&J� � <.�2# <8�� /. F��

�E ? 45
�=# �
�J- �>�I �� <
��� �� $ %$
 � �@A# 0S��E /

�$��3*� ���J�
3� .!�1� ���,�.� %$ /.�2# �p
�
 +$��$� � �

����� 4� �4,� ?�D2�� � ��8������ $
� +$�.�$<C��T� <� 

�J�
3� .  

M;$��M;$��M;$��M;$��        

]1[  +$�C���8)�3���.���A� /( �"K��� o�$<6�  F�	�AD8$

�.� KS D.J.K�� ;�� � ��f�� ��.P 5000/1�" )1385.(  

]2[  +$�C���8)�3���.���A� /( �"����6� ��$��� o�$<6� -

��� ;�� � ��f��.P"� )1385.(  

]3[ �% ? 45 �B� #./ �"	 KS F�B��f�.<
@�  o���

�7E
�$<.K���$ + � >��9� �.;�� � ��f�� �� ).P"� )1382.(  

]4[ m�9��J� F�	�AD8$ �D	� �"�%./�����  )� �����8

;�� �.P" ��3��� � F�	�AD8$ � �$�  �B� #)1381 .(  

]5[ 4�.��J� �.�- 3./ �"	 KS F�B��f�.<
@� �� ���  �����8

;�� � )�.�� P
)" F�	�AD8$ � �$ �)1381.(  

]6[ �8
J� �- ���� 0�*./� ���5� 45�� C���;.�� 3J-$� 

�678� 45� �9:$ �"S ���DE �B��f�� � KS �.J� ��C��� 

��(
�� '�� /
$ �� ))� <�S �� x�=#�"�  ? 45 03@A�$�

=>.B� �=# 0�CA�$�
������8 ����� �<�  3��$)1383  .(  

]7[  =��  �/�- 3J2�"�
�H�=$� �% ��.���� /� $
+$�"� 

�% +��%�� F$��AD�$.���� /�  � A8)1355.(  

[8] Stoklin J., "Structural correlation of the Alpine 

ranges between Iran and central Asia: Memoir 

Hors serie de la Societe Geologique de France", 

No. 8, (1977) P.333-335. 

]9[ 1�
 �/�2� 3"�������� S ���DE
@� � # 4E ��@�� �$ �. V

��#.��U %�=�$ �� – ����(
��C� �� +�,� �
 ��f�� �� 0l

,A�./" ��E
�D8� 0��� ������� �%./����� $�6
S ���DE ]� �

��� 0�CA�$.DA�� 3� �)1380( �328 �2!: .  

[10] Sekine T., Katsra T., Aramaki S., "Water-

saturated phase with aplacation to the   estimation 

of the initial temperature and water pressure at the 

time of eruption", Geochim. Cosmochim. Acta., 

43, (1979) 1367-76. 

[11] Cox K. G., Bell J. D., Pakhurst R. J., "The 

interpretation of igneous rocks", London, Allen 

and Unvin, (1979), 450p.  

[12] Winchester J. A., Floyd P. A., "Geochemical 

discrimination of different magma series and their 

differentiation products using immobile elements", 

Chemical Geology, 16, (1977). 325-343. 

[13] Harker A., "The natural history of igneous 

rocks", Macmillan, New York, (1909) 384pp. 

[14] Thornton C. P., Tuttle O. F., "Chemistry of 

igneous rocks, 1. Differentiation index", Am. Jour. 

Sa. 258 (1960), 665-684. 

[15] Rogers N. W., James D., Kelley S. P., Mulder 

M., "The generation of potassic lavas from the 

eastern Virunga province, Rwanda", J. Petrol, V. 

39 (1998), pp. 1223-1247. 

[16] Pearce J. A., Harris N. B. W., Tindle A. G., 

"Trace element discrimination diagrams for the 

tectonic interpretation of granitic rocks", J. Petrol, 

V. 25 (1984), 956-983. 

[17] Pearce J. A., "Source and setting of granitic 

rocks", Episode, V. 19, (1996), 120-125. 

[18] Muller D., Groves D. I., "Potassic igneous 

rocks and associated gold-copper mineralization", 

Sec. Updated. Springer-Verlag, (1997), 242pp. 

[19] Harris N. B. W., Pearce J. A., Tindle A. G., 

"Cheochemical characteristics of collision – zone 

magmatism", In: Coward, M. P., and Reis, A. C., 

(ed), Collision tectonics. Spec. Publ. Geol. Soc., 19 

(1986), 67-81. 

[20] Maniar P. O., Piccoli P. M., "Tectonic 

discrimination of granitoids", Geol. Soc. Ame. 

Bull. 11, (1989), 635-643.  

[21] Frost B. R., Barnes C. G., Collins W. J., 

Arculus R. J., Ellis D. J., Frost C. D., "A 

geochemical classification for granitic rocks", 

Journal of petrology, 42 (2001), 2033-2048.   
[22] Harris C., "The petrology of lavas and 

associated plutonic inclusions of Ascension 

Island", J. Petrol. 24, (1983), 424-470. 

www.SID.ir


