
����� ���	 
����
� �
������ ����� ����19����� � 38   ��!
� � "���# �1404   

 

 

  

�
� &�'�� �����- ��)�- ��*� ���� +��' �� ��
��' ,��- �� �	'�*�� ��.�	 
����/ 0�����  
 

��1
 ���
  
  

���� ���	 
���
������ ����
�� ����������� �����
� �����
� ����
�� �����  
  

* m.modjarrad@urmia.ac.ir  :0�3!
 �4�!��	   

 
  

:5����� 31/4/1403           :7��8#23/7/1403                                                                                             :�;�<
 =�	 �)��>#  

�4�?@  

 ��  �! .#�� ��� $%�&' ����
� (��) 
� �
����� #�*��+� �, -.'�� /��,�	 /�
 �, 
�0��
 ��� 
� ����
�% �&�� ��
�, ��1*�2�! /�

3���'�� �!
��, �&�� �, ���0�� �, ���� ���	 ��� 3���' ��4
 �� 5����6� 7�89� � ���!��, �
����� �:2�� /��,�	 .���, ;���' 5
� /�

 ��
��, � ���% <�=
 �:2�� 
� ��� ���0
���� >�+����0*� /�!�9�� �.�� 3?	 ���0�� 
� ��

 �$��@ ��
� #�*��+� 7�$)� ���� ���&!, 
��

 ���%��A��� �B�.�=�@ ��?%��������% 3��� �@ ��;� /�!��+ � ���, ��,�	 ���.

�! �' ��,�	 C�
 �� D*�E ���� ���	 .#�� �0+�� �$
��,� 

�
�%!�� ���' /��, .���,F�� 
� �G�=0� � ���+ �9 
� $�
 #�'��@ � #�?�% �#�
�0�' �#�'��, /����:� ������� ���� �!� H��0
 .�
�

�2:
 ��$I'�� ���
 /��0���	
�� C�
 �� B�.�=�@ �/��?���� ���,�	 ��� 
� �?%��������% D�%�' �!�-%��A��� ��0�'���% ��0�'
�
@ ���

� ���' �
�% 
� ����,�	 ���' ��� 3���'  �1� �?%��������% � B�.�=�@ ��+ �� ����&�� D�%�' .#�� ���, �0���	��+ #�'��, � �0��&��

�� ���G /��)/��
�
��+��+ -�4� >� 
��.' /��� .#�� ��� �,���
� �*�, �*�� /�&	�� 
� (@/�L�?%� B��� ��M,
��+ ���N&! .���,

 �!��,�	 ��� 
� B�.�=�@800  �'1000 �0
�� �)
� ���9 
��+ 
� ���	5  �'8  �?%��������% /��, 
��.' /��� � 
�,���%1150  �)
�

�0
�� .#�� ��� �,���
� ����� 
��+ 
� ���	  
                                                                                               

�A'�:
4�*� 
�� �
����� �B��� ��M, 
��+ �
��, �&�� ���
�
��+��+ #�1G�� ���,�	

1- ���BC)�#  

#�*��+� �� /
��SSS?,�, T�0'�U
 /�!B�&SSS� 
� �L���E (

 >� 
� ������SS�
�
��+��+ -�4�1 �SS��G /��) ��2  ��:�)

 ���
�SS�&SS! �2021X�&� X6�SS�� 
� $�
 /���SS1' � (3 

 ���
��&! � �
�%�SS�) �SS��
��G�2013�0+�� 3��SSS�' ( .�
�

#SS�*��+� ���[
�
��+/��+ 3SS9��� �6 �SS!4   �SS� T�0'�U


�,�� �G
� �� �
�]�, ��SS��!-  �/���) ����SSS��
��1994_ 

 ���
�SS�&! � /�SS&4�2020� (#SS�1G�� 
 ����+��`) /�SS!

a�SS��SSS� ��� 
� �SS�&) �� /��SS10�- ��� �SS� ��SS)��SSS�

 3�SS�) b�	�� �0�*��+�1 (���	 ����
���% ����! ��c
 (

 
� �
����� �#���SS� ��dSS�
���� ������� ��,@��SS� ���
����%

 �%�� (�E � /�] �����
� B�&SSS� 
� ��SSS� �����
� (��)

�SS0+�SS� �$
��, ���
��&! � ��I�) �
�2024( �
��� D�E� 
� .

���' #SS��SS
�0�' 
�SS�% 
� ��	�SS
�	 ��SS1,� 
� ����,�SS	 /�SS!

 � �%�� �/�] ���SSS�
���% ��
��) X6��� ��� 
� >�+�SS���0*�

���' ���e �1*�2� .#�� ��SS� ��!�SS�� (��SS� ���+�� /�!

                                                
1 Supra Subduction Zone 
2 Fore-arc 

  #d) 
� � ���SSS�M, 7�SS:'
� ���&! #SS�*��+� �� �
 �SS� f
�

���'��) #SS�� ����% >&% �@ 7�SS��� g�MSS�' ��2008_ 

 ���
�SS�&! � ����2009�SS, ��SS�� ��� 
� .( �SSS�
�, �L��

 �SSS�
�, 
� �SSS?%���� � B�.�=�@ ��c
 ���+�� /�SS!��SS+

 � ���0*) #�� ��SS�
�% 
��SS?, �*�� /�&	�� 3��SS�' -���SS�

 ���
�SS�&!1982_  ���
�SS�&! � /��&4�2018_  � �9�+

 ���
��&!2020 �
� /�!��,�	 /�
 �, �SSSh�9 �1*�2� 
� .(

 
��, 3�SS�) ����
� (��) 
� �
����SS� ��9�
2B�&� � ( (�E

 -,��
 �SSS�
�, �, #SSS�� ��SSS� �1SSS� � ���% $%�&' �����

�
�% D�%�' �1*�2� � ����4SSS; �
�,
� /���) #+��!
 �!

 �:2�� ���SSS?�	 �, ��SSS��� ����
� (��) �0�*��+� �SS�*

 ���
��&! � ��I�) �SS
����SSS�2024_  ���I�a2023_  ��I�

 ���i� �2024�, (  �, 3&0SSS�� 3SSS;�9 H��0
 .��@ #SSS��

�:.6 � g�MSSS�'�
�% /��,���
�0�' �*�&09� -�4� ��! 

�
�% D�%�' �, ���0SS�� �, 3��SS�'�� ��M, 
��+ ��! 
� B�

 /�!��+ �]�, 
��.' 
�SSS�+ � ��� ��&M' $�
 � �*�� /�&	��

3 Abyssal 
4 Sub-/Obduction 

143  



����� ���	 
����
� �
������ ����� ����19����� � 38   ��!
� � "���# �1404   

 

 

j�
 �, �SS��SS�� #�� �%< �, ���* .#SS�� ���, k�0M� /�!

 ��� 3% F�SS� �&�SS��lA �% ���SS� ���&! �, /<�=
 ���'

FSS�SSS� �*�:� 
� m��.G ��9�
 ��� 
� >SS�
�'��� ��
<@ /�SS!

 ���I�) #�� ��SS� �SS�
�, /����2024 �c
 �� ���' ��� .(

���' �, b��G 3,�G ���
�0�' �����SS) � �SSS�
���� /�! 
� �

 ���I�) ���, ��� ����$
 
� ���SS?� � ����SS��a2022 � (

��
 �SSS� ���1' b�SSS�� �, 
� B�.�=�@ 
��, /�
 ���'�$����

 3�SSS�) �:2�� (��) 
� �n��*�� ��% /��,�	3 ���9 (94 

 ����$���) �
�� �� B�� ������2012.(  

  

  
 D?�1 .��
� �)<	F�*� �' �4� ���� ����� G��H�3	 �� &IH�
 
�� � '��?�� �  �� ��  � �' �4� +�I�J' �*K' �?�	��?H 
��4.'�)2018 M

 � '��?�� � ��
'�N2011M  � '��?�� � ��C��2003  � '��?�� � ��O	'� �2009P4���  �� 0��� �� QR� ���
 5�;���' .(- ��� ����� ��  �-���

  .5�' �4� TU)
  

Fig. 1. Simplified geological map of the Neo-Tethyan related blocks (the main tectonic units modified after Van der 

Boon et al., 2018 and references therein; Adamia et al., 2011; ¸Sengör et al., 2003; Zanchetta et al., 2009). Discussed 
ophiolite location in the north of Sanandaj-Sirjan zone is marked with a yellow star. 
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Fig. 2. a, b) Field photos and hand specimen of the Silvana gabbro. Grid references are plotted on the photos. Also, the 
contact between serpentinite unit with the gabbros is observed. 
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Fig. 3. a) The Silvana ophiolite subzones and main thrust faults after Arabshahi and Sabzeie (2013). The black rectangle 

illustrated in Fig. b and the lithologic units are indicated. b) The simplified geological map of the Silvana area (modified 
after Hajmolla Ali and Shahrabi, 2006). The analyzed samples locations are marked. 
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Table 1. Representative mineral chemistry and formula unit for analyzed clinopyroxene crystals in the Silvana gabbros. 

Major oxides in wt.% and cations in atom per formula unit. bdl: below detection limit. 

 GSN -01  GSN-07 

SiO2 52.32 51.38 54.01 53.93 49.24 52.59  51.99 52.3 54.24 53.75 53.65 51.99 

TiO2 0.51 0.84 0.10 0.14 1.83 0.32  0.23 0.29 0.03 0.16 0.09 0.23 

Al2O3 2.08 2.75 0.67 0.78 5.10 1.89  1.96 1.70 0.50 1.25 0.22 1.96 

FeO 6.46 7.66 5.85 5.83 6.77 5.92  7.93 7.55 6.18 6.90 7.93 7.55 

MgO 15.06 14.06 15.02 15.14 13.20 14.66  13.91 14.07 14.39 14.39 13.91 14.07 

MnO 0.14 0.22 0.25 0.19 0.20 0.12  0.34 0.32 0.25 0.27 0.34 0.32 

CaO 23.29 22.10 24.12 24.44 22.74 24.18  23.17 23.26 24.76 24.02 23.17 23.26 

Na2O 0.31 0.45 0.15 0.13 0.60 0.31  0.32 0.32 0.21 0.27 0.32 0.32 

Total 100.34 99.52 100.23 100.67 99.78 100.12  99.91 100.03 100.90 101.19 99.91 100.03 

              

Si 1.925 1.914 1.991 1.979 1.829 1.938  1.932 1.945 1.994 1.97 2.005 1.951 

Al 0.09 0.121 0.029 0.034 0.223 0.082  0.086 0.075 0.022 0.054 0.01 0.067 

Fe 2+ 0.199 0.239 0.18 0.179 0.21 0.182  0.246 0.234 0.19 0.212 0.196 0.229 

Mg 0.826 0.781 0.825 0.828 0.731 0.805  0.771 0.778 0.789 0.786 0.763 0.779 

Ca 0.918 0.882 0.953 0.961 0.905 0.955  0.923 0.925 0.975 0.943 1 0.936 

Na 0.022 0.033 0.011 0.01 0.043 0.023  0.246 0.234 0.19 0.212 0.196 0.229 

Al (IV) 0.075 0.086 0.009 0.021 0.171 0.062  0.068 0.055 0.006 0.03 0 0.049 

Al (VI) 0.015 0.035 0.02 0.012 0.052 0.02  0.018 0.019 0.016 0.024 0.01 0.018 

Mg # 0.806 0.766 0.821 0.822 0.776 0.815  75.8 76.9 80.6 78.8 79.5 77.3 
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Table 2. Representative mineral chemistry and formula unit for analyzed amphibole crystals in the Silvana gabbro. 
Major oxides in wt.% and cations in atom per formula unit. 

 GSN-01  GSN-02 

SiO2 39.34 39.80 41.49 39.80 39.75 43.71  39.49 39.86 43.93 44.49 39.95 40.48 

TiO2 6.05 5.32 3.47 6.09 4.87 1.48  5.62 5.34 1.25 1.13 6.14 5.65 

Al2O3 13.08 13.42 12.39 13.17 13.15 11.93  12.75 13.33 12.76 12.48 12.95 12.47 

FeO 11.01 10.67 11.58 10.88 11.41 10.97  10.96 11.31 10.49 10.37 10.63 10.90 

MgO 12.51 12.80 13.18 11.97 12.38 13.51  12.27 12.26 14.13 14.42 12.27 12.41 

MnO 0.10 0.06 0.13 0.14 0.17 0.16  0.09 0.09 0.10 0.12 0.13 0.16 

CaO 11.97 12.17 11.84 12.13 11.93 12.77  11.91 11.91 12.10 12.27 11.89 12.01 

Na2O 2.27 2.38 2.22 2.11 2.05 2.08  2.09 2.27 2.11 2.21 2.26 2.19 

K2O 1.34 1.39 1.25 1.39 1.41 0.58  1.31 1.34 0.62 0.56 1.36 1.36 

P2O5 0.00 0.03 0.01 0.03 0.02 0.01  0.02 bdl 0.02 0.02 0.02 bdl 

Cl 0.02 0.01 0.01 0.01 bdl bdl  0.01 0.0115 bdl bdl 0.02 0.02 

Total 97.73 98.27 97.82 97.97 97.30 97.50  96.85 97.82 97.72 98.44 97.76 97.92 

              

Si 5.85 5.89 6.13 5.92 5.94 6.42  5.94 5.92 6.38 6.42 5.94 6.02 

Ti 0.68 0.59 0.39 0.68 0.55 0.16  0.64 0.6 0.14 0.12 0.69 0.63 

Al 2.29 2.34 2.16 2.31 2.31 2.07  2.26 2.33 2.19 2.12 2.27 2.18 

Fe 2+ 1.42 1.39 1.32 1.53 1.41 1.32  1.45 1.45 1.09 1.09 1.47 1.49 

Mg 2.78 2.82 2.91 2.66 2.76 2.96  2.75 2.71 3.06 3.1 2.72 2.75 

Ca 1.91 1.93 1.88 1.93 1.91 2.01  1.92 1.9 1.88 1.9 1.9 1.91 

Na 0.66 0.68 0.64 0.61 0.6 0.59  0.61 0.65 0.59 0.62 0.65 0.63 

K 0.26 0.26 0.24 0.27 0.27 0.11  0.25 0.26 0.12 0.1 0.26 0.26 

Total 15.8 15.86 15.78 15.76 15.78 15.71  15.76 15.79 15.65 15.67 15.77 15.77 

Al (IV) 2.15 2.11 1.87 2.08 2.06 1.58  2.06 2.08 1.62 1.58 2.06 1.98 

Al (VI) 0.15 0.23 0.29 0.23 0.25 0.49  0.19 0.25 0.57 0.55 0.21 0.2 
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Fig. 4. a, b) Microphotographs of the Silvana gabbro. c-e) BSE images from analysed thin sections by EPMA. 
Abbreviations are after Whitney and Evans (2010). 
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Fig. 5. The pyroxene quadrangle shows a diopside-rich composition for the Silvana gabbro’s clinopyroxens. 
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Table 3. Representative mineral chemistry and formula unit for analyzed plagioclase crystals in the Silvana gabbro. 
Major oxides in wt.% and cations in atom per formula unit. 

 GSN-07 GSN-01 

SiO2 46.70 45.99 46.47 46.13 45.56 45.44 45.05 47.73 

Al2O3 33.48 33.90 33.67 34.12 34.12 33.65 33.74 33.12 

FeO 0.22 0.39 0.16 0.40 0.15 0.35 0.25 0.26 

CaO 17.20 17.20 17.47 17.56 17.67 17.44 17.36 16.51 

Na2O 1.64 1.58 1.50 1.45 1.30 1.55 1.58 2.13 

Total 99.37 99.22 99.34 99.78 98.91 98.59 98.16 100.05 

         

Si 2.16 2.134 2.15 2.129 2.12 2.124 2.117 2.192 

Al 1.826 1.855 1.837 1.856 1.872 1.856 1.869 1.793 

Fe 3+ 0.009 0.015 0.007 0.015 0.006 0.014 0.01 0.01 

Ca 0.852 0.855 0.867 0.869 0.881 0.874 0.874 0.813 

Na 0.148 0.142 0.135 0.131 0.117 0.145 0.146 0.191 

Total 4.997 5.003 4.995 5 4.99 5.014 5.017 5 

An%  0.88 0.88 0.88 0.89 0.9 0.88 0.88 0.85 
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Table 4. Representative mineral chemistry and formula unit for analyzed ore minerals in the Silvana gabbro. Major 

oxides in wt.% and cations in atom per formula unit. 
   GSN-01    

TiO2 51.43 53.65 53.32 52.69 52.64 52.81 

FeO 47.77 45.47 46.21 45.52 45.53 44.25 

MgO 1.01 0.65 0.52 0.68 0.75 3.06 

MnO 0.90 0.98 1.01 1.43 1.23 0.53 

Total 101.46 101.13 101.28 100.85 100.72 101.08 

       

Ti 0.956 1.004 0.998 0.991 0.992 0.972 

Fe 3+ 0.087 - 0.004 0.018 0.016 0.056 

Fe 2+ 0.901 0.947 0.959 0.935 0.938 0.849 

Mn 0.01 0.021 0.021 0.031 0.026 0.011 

Mg 0.037 0.024 0.019 0.026 0.028 0.112 
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Table 5. Representative mineral chemistry and formula unit for analyzed biotite crystals in the Silvana gabbro. Major 
oxides in wt.% and cations in atom per formula unit. 

 GSN-01 

SiO2 37.19 36.77 37.12 36.15 

TiO2 4.50 4.41 4.45 4.63 

Al2O3 15.53 15.54 14.36 14.73 

FeO 12.97 13.38 14.64 15.85 

MgO 16.00 15.72 14.73 14.10 

MnO 0.08 0.06 0.05 0.09 

CaO 0.01 0.02 0.06 0.07 

Na2O 0.32 0.32 0.14 0.21 

K2O 9.20 9.18 9.29 8.92 

Cl 0.00 0.04 0.07 0.03 

F 0.27 0.16 0.15 0.16 

Total 96.45 96.33 95.34 95.22 

     

Si 2.74 2.723 2.783 2.731 

Ti 0.249 0.246 0.251 0.263 

Al 1.347 1.356 1.27 1.312 

Fe 2+ 0.798 0.829 0.918 1.0 

Mn 0.005 0.004 0.003 0.006 

Mg 1.753 1.735 1.65 1.587 

Ca 0.002 0.002 0.005 0.006 

Na 0.046 0.047 0.02 0.029 

K 0.863 0.868 0.889 0.86 

Total 7.78 7.811 7.89 7.8 

Mg# 0.69 0.676 0.64 0.61 
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Fig. 6. a) Amphibole classification after Leake et al. (1997). b) The Si vs. CNK (apfu) diagram for discrimination between 
magmatic and metamorphic amphiboles (after Giret et al., 1980), shows the magmatic nature of the studied amphiboles.  
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Fig. 7. The discrimination diagrams are based on the mineral chemistry of the Silvana gabbro amphiboles, a) SiO2 vs. Na2O 

diagram for tectonic-magmatic classification of the studied amphiboles after Coltorti et al. (2007). The studied gabbroic rocks 

amphiboles plotted on the supra subduction zone (SSZ) field. b) SiO2 vs. TiO2 diagram for the studied amphiboles in the 

gabbros after the same reference shows the same setting.  
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Fig. 8. a) TiO2 vs. Alz diagram in which Alz=Al IV*100/2 (after Loucks, 1990) in clinopyroxene show an arc related setting for 
Silvana gabbro. b) Mg# vs. Al2O3 clinopyroxene (Beccaluva et al., 1989) for determination of the pressure of the Silvana mafic 

rocks. The field of high-pressure (8-10 kbar) SSZ-type cumulates is from Elthon et al. (1982), and Bağci et al. (2006). The field 

of low-pressure (2.5-3.5 kbar) SSZ type cumulates is from Parlak et al. (2002), Bağci et al. (2006), and Tanirli & Rizaoglu 

(2016). c) An% plagioclase vs. Mg# clinopyroxene (Burns, 1985). d) TiO2–Na2O–SiO2/100 diagram for discriminating 

clinopyroxenes in basalts/gabbros from different oceanic settings (Beccaluva et al., 1989). Abbreviations, E-MORB: enriched 

mid-ocean ridge basalt; N-MORB: normal mid-ocean ridge basalt; WOPB: within oceanic plate basalts; ICB: Iceland basalts; 

and SSZ: supra-subduction zone basalts. All the diagrams show the SSZ setting for the SGO gabbros. 
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Fig. 9. Oxygen fugacity estimation for Silvana gabbro parental magma based on a) clinopyroxene mineral chemistry (after 

Schweitzer et al., 1979). b) Plagioclase anorthite percent vs. Mg# (from Kavassnes et al., 2004). c) Al content in clinopyroxene 
(Helz, 1973), show that the magma had high H2O abundancy (10%) and magma crystallization in low pressure setting (5 kbar). 

d) Plot of XMg vs. log (XF/XCl) for biotite, Contours represent the logarithm of the fluorine-chlorine fugacity ratios (fHF/fHCl) 

for a fluid in equilibrium with biotite at average temperature of 700 ⁰C and 600 ⁰C for biotites after Munoz (1992). 
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Fig. 10. a) Pressure estimation of the Silvana gabbro based on total Al content vs. Fe# in amphiboles (after Schmidt, 
1992) shows a pressure of 5-8 kbar for them. b) PT grid based on amphibole Al2O3 and TiO2 content confirms the above 
pressure and 800-1000 ⁰C temperature (after Ernst and Liu, 1998). c) X PT vs. Y PT designed (by Soesoo, 1997) based on 

clinopyroxene chemistry suggests a pressure of 2-5 kbar in 1150 ⁰C temperature for Silvana gabbro. The factors are 
calculated as below:  

X PT=0.446SiO2+0.187 TiO2-0.404Al2O3+0.346FeO-0.052MnO+0.309MgO+0.431CaO-0.446Na2O 
Y PT=-0.369SiO2+0.535TiO2-0.317Al2O3+0.323FeO+0.235MnO-0.516MgO-0.167CaO-0.153Na2O 
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Abstract 
In this manuscript, we focused on the Silvana ophiolite-related gabbro, south of Urmia. The essential 
aim is studying constituent minerals classification and understanding formation conditions of this rock 
type based on the mineral chemistry. The mentioned gabbro was intruded in the serpentinized ultramafic 
unit in the area and outcropped along the Asbi Bunar fault as colored mélange accompanied by other 
ophiolitic members. Abundant rock types are gabbro and hornblende gabbro with clinopyroxene, 
amphibole, plagioclase, and ore minerals as major minerals. Additionally, some biotite, calcite and 
apatite as minor or accessory phases exist. Clinopyroxenes composition in these rocks is diopsidic, 
amphiboles are parasitic-kaersutite, plagioclases are anorthite-rich, opaque minerals are ilmenite and 
biotites are phlogopitic, based on the EPMA analyses. Mineral chemistry of both amphibole and 
clinopyroxene in the studied gabbro, shows a supra subduction zone/fore-arc setting for them. Also, the 
oxygen/water fugacity of the parent magma was high. The crystallization temperature of 800-1000 ⁰C 
at the 5-8 kbar pressure using amphibole composition and 1150 ⁰C at low pressure by clinopyroxene are 
evaluated. 
 

Keywords: gabbro, supra subduction zone setting, crystal chemistry, fluid fugacity, Silvana 

 

Introduction 
Most of the Neo-Tethyan ophiolites especially 
in NW Iran formed in a supra subduction zone 
(SSZ)/fore-arc setting and some others in an 
abyssal oceanic situations. These ophiolites 
were outcropped at the several geographic 
positions including Sanandaj-Sirjan zone or 
Zagros ophiolitic belt such as Kermanshah, 
Kamyaran, Marivan, Piranshahr, Sardasht, 
Silvana, Serow, Khoy and Maku, during sub-
/obduction of the Neo-Tethyan or Arabia-
Eurasian plate’s collision. In most cases some 
massive gabbroic intrusions accompanied with 
the ultramafic suites and studying such 
intrusive evaluate our understanding of the 
ophiolites. The mineral chemistry 
investigations on the mafic phases particularly 
amphibole and clinopyroxene is useful to 
interpretation on the magma formation 
conditions. 

 

Material and Methods  
Some representative mafic thin sections were 
analyzed by EPMA at this stage. Electron 
microprobe analyses were performed at the 
Department of Earth and Environmental 
Sciences in the Ludwig Maximilian University 

of Munich (Germany) using a Cameca SX-100 
system that was equipped with a LaB6 cathode.  
It is a fully automated instrument employing 
five wavelength dispersive spectrometers for 
the detection and nondestructive analysis of 
almost all elements from boron down in the 
periodic table. The analyzed phases including 
clinopyroxene, amphibole, plagioclase, biotite, 
titanite and apatite. 

 

Discussions and Results  
The studied gabbro petrography and mineral 
chemistry studies show the below results:  
clinopyroxene (15-30 modal %; diopside: 77-
83%), amphibole (30-40 modal %; pargasite-
kaersutite in Leake, 1995 classification; Na2O: 
2.2 wt.%; Al (IV): 2 apfu), pure ilmenite (up to 
99%) and plagioclase (10-20 modal %, 
anorthite: 80%) are the main minerals in these 
rocks. There is some biotite (phlogopite: 60-
70%), sericite (muscovite end member: 77%), 
and calcite as alteration products beside some 
apatite (F content: 1.2 wt.%) and titanite as 
accessory phases. The composition of the 
studied gabbro’s pargasitic-tschermakitic 
amphibole is detected magmatic and related to 
an SSZ setting for their formation. Such 
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similarity is established by clinopyroxens 
composition, too. Also, the studied 
clinopyroxenes confirmed an arc-related trend 
based on the clinopyroxenes Al and Ti content. 
The diagrams showing the Al, Na, Ti, Cr, and 
Mg# of clinopyroxene, Fe#, and even anorthite 
percent of the gabbro plagioclases could record 
the fluid fugacity of the magma. Amphibole, 
biotite and pyroxene chemistry is known as a 
useful parameter to evaluate the crystallization 
pressure and temperature. Total Al content 
(apfu) vs. Fe# in amphiboles shows a pressure 
of 5-8 kbar for their crystallization 
accompanied by a temperature of 800-1000 ⁰C.  
Another calibration gives temperatures of 1150 
˚C in pressures of 2 to 5 kbar for the gabbro’s 
clinopyroxene crystallization. The biotite 
crystal composition confirmed a 700 ⁰C 
temperature and high HF fugacity relative to 
HCl in the equilibrated fluid with the crystals.  

 

Conclusions 
This investigation concentrated on the Silvana 
ophiolite-related gabbro, south of Urmia.  
The critical purpose is studying constituent 
minerals classification and understanding 
formation conditions of this rock type based on 
the mineral chemistry.  
The mentioned gabbro was intruded in the 
serpentinized ultramafic unit in the area and 

outcropped along the Asbi Bunar fault as 
colored mélange accompanied by other 
ophiolitic members.  
Mostly the mafic rock types at the region are 
gabbro and hornblende gabbro with 
clinopyroxene, amphibole, plagioclase, and ore 
minerals as major minerals. Some biotite, 
calcite and apatite as minor or accessory phases 
exist.  
EPMA analyses show that the clinopyroxenes 
composition in these rocks is diopsidic, 
amphiboles are parasitic-kaersutite, 
plagioclases are anorthite-rich, opaque 
minerals are ilmenite and biotites are 
phlogopitic. 
Mineral chemistry of both amphibole and 
clinopyroxene in the studied gabbro, shows a 
supra subduction zone/fore-arc setting for 
them.  
The oxygen/water fugacity of the parent 
magma was high. The Ti-rich composition of 
amphiboles, biotites, ilmenites, and titanites in 
the gabbro is evidence for Ti-metasomatism in 
the magma formation.  
The crystallization temperature of 800-1000 ⁰C 
at the 5-8 kbar pressure using amphibole 
composition and 1150 ⁰C at low pressure by 
clinopyroxene are evaluated.  
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