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Abstract: Eocene volcanic rocks of north Anarak area are as scattered as masses. These rocks 
cross the Anarak schists and Ashin-Zavar ophiolites but had not metamorphosed them. Their 
outcrops follow the direction of within the area faults. Mineralogicaly, these rocks are limited 
in composition from Andesi-Basalt and Andesite to Dacite. These rocks have phenocrysts of 
amphibole and plagioclase in microcrystalline and microlitic matrix. The andesitic and 
andesibasaltic rocks in the study area have a lot of enclaves that contain many amphiboles.  
Type of the amphiboles is Magnesiohastingsite. Similarity of composition of amphiboles and 
biotites in the volcanic rocks and their enclaves indicate that these volcanic rocks and their 
enclaves are possibly cogenesis. There are three types of feldspar in these rocks that are 
andesine-oligoclase, alkali feldspar and bytownite. Bytownite is found only in certain 
enclaves. Geothermometry studies on phenocrysts of plagioclase and amphibole, that are in 
equilibrium, indicate that crystallization temperature of these phenocrysts is 835°c to 925°c.  
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L-G��0�� $9�5 �3+-G���2 �0 � �-�#��C1 �� �3��.
"��46�S��J9 L�� ��3 45�& �0 /  ��"%3 �5��J= C#�*� B6�

�� L-JC� �">��� (�� 6�S��J9 �5	 �	 �>�0 /  ��3 �5��J=
 �>�0 � /�#�	 ��5� +�	 
��� ��3�H -5IH& �	 /  ��"%3 /5-�] 

�� ?��F�	 ��E3�H�-5IH& ��E� �"5�-E�-� �E]	 �� ��C5 


�� ��U5	 /�#�	�	 .���� RE3 K� /"�� �5	 L-EG��0 �-EP� �E3
� ��	� �"� �� R3(���12 ��3������ 
�5� �-�.

��3�H -5IH& BL-� /"��R�%J �	� $E�-"�0 @E� �1 �E0 .
�	 �>�0 �� �)9 �H -5IH& O- �5	 L-EG��0 �-�EF �E3 �	� E�.

R�%EJ  ��E3�H -5IH& �-P� �-�E1 �	 ��� $E�-"�0 �E�A B�	�
$%EE� .$%EE5� -�9 ��EE,  ��EE3�,��� �� �H -EE5IH& ��EE3

)Arcmagmas (R�%EEEJ  6�EEE� /EEE0 �EEE�	� ]bz[.�-EEEP�
 �-�F /0 �-0�� ��,  ��3�,��� �� �	� R�%J  ��3�H -5IH&

$EE�	 p2B�-EE�02 +��EEC1 4EE)JF ��EE�� p2 /EE  	�EE` –�EE��P 
)_���!�# � _���#�� ($�G#2 R"%�� ��–o3�  	� $�1�-2 

���3� .$E0�] ��E�� aE5 �� B/U�" ��BB�	�E02 ��E,��� aE5 
% ��1 �	� R�%J  ��3�H -5IH& �� � B/0��E� ��E,��� /0 $G

�� �-JG"� a�> �5	�� ����]bz[.

∗ Petrological elementary tools for Mathematica 

3���	�M �	
"� N �� ������ ����O���� ��O� %��O� 
'���  
(�� $�E& 	� �-JG1 /JF�� �� ���9�-& $9�0 �0 �����12 ��3

 /"�	�� �� �� /JF�� a5 B�	����0 a5�K �5 �/0���� }*� 
JF�� �4-�9 �-EJG1 �E0 /E  [,: �� ��5� $%E5�  $E��� ��E3

 �� �l�� �1�-J0 -��-JG1 �5	�� ���C1 �-A�� /0 �U�5	 �� B�
$%5� -�9 (�� ��3 �����12 Z�� �	 ��3 �U�E���� ���� 

$�	 
�� 
���"�	 �	�0 /  �U�E� �E�� ���� L�E �	 ��E3�	K9	
 
��0 ���l1 ��1-�S��  $�	 
�� ���� .L� �	 �!5 ��E3�	K9	

<��P ��"G%BL� �	K9	PET ]bsBbb[$�	.
�045�& �3	-� (��B�">��� $%5� -�9 T�� +-G���2 ��3
�%J R�	� �E�	� �	�E= +��C1 �� �H -5IH& �)?!E�bx(	�E5� B

/EE-, �%EEJ  +-EEG���2 ��EE3�	� R�EE��F �EE=�9 
�EE� p�EEl"	 4
/E	� ��3��� �	�	� � 
�-0 �"�#-��" 	 �H -E5IH& �E0 ���E: �	

 �"%3 �-> ���U� � $%5K,3�B��,3 /0 �?�#� �	�E0 ���2�E0 
�5	������ 
�E� 
���"E�	 T�� �E5	 �	 [,: �� (�� ?�!�1 
$�	 .

�U����� ���� Z�� �5	 �0 Ba5������ ���� �#��G1 ��  
����  �0 /  45�&o� 	� �5� ��3�� 6�-�����:

edenite  + 4 quartz = tremolite + albite 
edenite + albite = richterite + anorthite 
 �-�EF (�� �� K1�	-  /  $�	 �-0�� �*5	�� /0 +�	 o� 	�

��	�B�-P� (�� �� K1�	-  /  $�	 �*5	�� �� L�� o� 	� �
��	�.

�5�",�� �U�%,3 +-G���2 �U����� ���� ;�H -E5IH& 
�045�& 	�	 Z�� E.�E�-1 
�E� /]by[$E�	 .�U�E���� Z��

 +-G���2–��-1 /  �H -5IH& ]by[�	�E0 B$E�	 
�E� /E.	�	
(�� $E�	 
���"E�	 ?E0�= �5�E,��� ��3 ]bx Bbv[.�EU�5	 ��

 �0 6�G��h� �	 
���"�	 �	K9	 L� PET $�	 
�� L�U	 .���2�E0
 �5	 �0 ��� ������Z�� B�� ��� �� /  �3�D�"%� ��3���E9 

��EE0 f��EEC"�b�EE1 bsT�� �	�EE0 ��EE0 -EEJ�  +-EEG���2 ��EE3;
�� �H -5IH& !�1 $%5� -�9 ?�?=	�F ��0 (�� ��3�zx �1 

�� 	�F�dx �	���"�� /P�� $�	 
�-0)+��Py(.

�-E0 �5�"%5	 (�� ���9 B6�G��h� �5	 �� ���9 �	 �-A��

 /  $�	 ]by[$E�	 
��E  
���"E�	 �2 �	 �-E> 6�G��h� �� .
��-�` /G��h� �E�� �	 
���"E�	 �E0 Z�� �E5	 �	 
���"E�	 �E0 

�5� +-��9$�	 �2 �� /  T�E0	�0 �	���"�E� /EP�� @%EF�0
�0 $�	:
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+-��9 �5	 �� P���9 )��E0-J�  @%EF�0(@5�E� BR�E0 �E0	�0 
ss�zbyy/s+-�-J� �0 +�I-J�  B�Yab  /E  �1�-E� �� K� 

�	 o�0 �H -5IH& $�G#2 �	�)�x/s/E"9�� �EA �� ��E� ���0 
�� �-�.�0 ���9 ��G1�	 �� �E3 @E� �1 /E0 
�E� /G��h� ���� 

�,�)"%E� � B��	� ��"%0 �H -5IH& � +-G���2 $%5� -�9 T��
�� $��0 Q�0 4*0	� �	�52.

%�.P0U�" 4K�#�2 Z�	��&K5�$%5� -�9 G��h� � +-G���2 ��34�0 ��2 ���">�� +-��9 45�& dz���">�� �c�% 	 )���� @%F �0 �3��% 	 .(
 $�H: *0��/-, /0 �- ���� ��3L-G��0�3$�.

/-,��* /-,�v /-,�x /-,�y* /-,ud /-,vv* /-,vs /-,xb /-,xs /-,y� �3��% 	
mYW/WY V�g/i� Xmm/ir Xmm/i� mVr/ir �g�/i� Y�W/ii Wrm/ir irg/ir mmY/i� �SiO 
i�X/� �VW/� �gV/� �Xm/� rmX/� r�g/� �XX/� �rV/� ggg/� �mi/� �TiO 
YXr/�W �gi/�� Xgm/�W VVm/�� g��/�� �rX/�W W�i/�� gg�/�W Y��/�� XW�/�� AldOz

rrX/r r�W/r rrr.r rW�/r rrr/r rXX/r ri�/r rWi/r r�V/r r�Y/r CrdOz

XYW/�i m�m/�� YX�/�W miV/�i XV�/�i VV�/Y rYi/�r ��X/�� gmm/�W WXm/�r FeO 
�VX/r �Ym/r ��W/r WVW/r �Xm/r ���/r ���/r �i�/r W��/r �rX/r MnO 
i��/�� XYr/�W r�W/�� XYX/�� V�X/�� �ir/�X gWr/�i Wrr/�W rg�/�� VWW/�i MgO 
mYm/�� WrV/�� XrX/�� mrg/�� iXg/�� mYV/�� XVY/�� m��/�� giY/�� gW�/�� CaO 
Xmr/� �iW/� X�i/� �mm/� �XY/� W�i/� YVg/� WYX/� XWg/� X�g/� NadO
YXi/r VV�/r YXi/r YX�/r m�W/� i�W/� ��i/� VYX/r V�Y/r Yg�/r KdO
rrr/r rrr.r rrr.r rrr/r rrr.r rWr/r rW�/r r.rrr r�g/r rWr/r NiO 
Xg�/Yg iW�/Yg iY�/Yg im�/Yg iWV/Yg �gg/Yg i��/Yg gVg/Ym WYm/Yg Y�V/Ym O-,U� 

�3 �-�1� 
VYY/X �WX/m rr�/m �V�/m rmm/m r�W/m XrW/m Yi�/X YYg/X rYm/m Si 
�g�/r �X�/r �iW/r �VW/r �W�/r ���/r �Wg/r �Wi/r W�r/r �WV/r Ti 
iii/� �ri/� WmV/� rVi/� �Wi/� �mV/� YW�/� WY�/� �XV/� �mr/� Al 
rr�/r rr�/r rrr/r rri/r rrr/r rrg/r rrX/r rrW/r rri/r rr�/r Cr 
XVW/r mrr/r XXV/r iXY/r X�V/r mi�/r WVW/r gr�/r X��/r XmX/r Fe+z

�Wr/� YXr/r �mV/� WmW/� �Yr/� XmW/r VWY/r VrX/r �VV/� gr�/r Fe+d

rWg/r r�X/r r�m/r riV/r rWW/r r�X/r r�g/r r�g/r rWY/r r�i/r Mn 
X�V/� Yg�/� mX�/� Xg�/� m�V/� �VV/W �Vr/W Y��/� mgr/� �Wi/W Mg 
VmW/� ggV/� V�X/� VXr/� VW�/� V�m/� gYV/� VWW/� VmV/� VWY/� Ca 
gWV/r g�W/r g�W/r mXX/r mXW/r mXX/r XXY/r mVm/r gW�/r g�X/r Na 
�Vr/r �mX/r �gY/r �Vr/r Wrm/r �mi/r ��X/r �mY/r �XX/r �V�/r K
rrr/r rrr/r rrr/r rrr/r rrr/r rri/r rrW/r rrr/r rr�/r rri/r Ni 
ggX/�X grX/�X giW/�X XmV/� Vr�/�X gmm/�X XY�/�X gri/�X giW/�X gXr/�X O-,U� 



B������- B$��0 ���!3� ��5��	� B�0	�1 ��r

%�.P9U�" 4K�#�2 Z�	��&K5�$%5� -�9 ��36�S��J9��h� �G4�0 ��2 ���">�� +-��9 45�& ����">�� �c�% 	 )���� @%F �0 �3��% 	 .(
 $�H: */-, /0 �-0�� ���� ��3L-G��0�3$�.

/-,Yr* /-,VY* /-,�u /-,VW* /-,V�* /-,gY /-,gX /-,gi /-,gW /-,vu* /-,m /-,mW /-,XV /-,XX /-,Xi /-,xz /-,X� �3��% 	

gm/mr mr/XY �V/mX Ym/ig Yi/mW rY/XY iV/m� rr/m� YY/Xg r�/mW iY/mr mW/mV mr/m� �Y/mg iV/m� mV/mi iY/mg �SiO

rr/r rr/r r�/r rW/r rr/r r�/r r�/r r�/r rr/r r�/r rr/r rr/r rr/r rr/r r�/r r�/r rr/r �TiO

r�/�X �m/�m mi/�� m�/W� �V/�� r�/�X mg/�W Xg/�W VV/�X mX/�� VW/�i m�/�Y gm/�W WW/�r �r/�W Wm/�� WV/�r AldOz

rr/r rr/r rr/r rr/r rW/r rr/r rr/r ri/r rr/r r�/r rr/r r�/r rr/r rr/r rr/r rr/r rX/r CrdOz

Wi/r im/r �r/r �Y/r Wg/r ��/r ��/r ��/r �V/r Wm/r �X/r rr/r �m/r r�/r XX/r �Y/r rV/r FeO

rr/r rW/r r�/r rr/r rr/r rr/r rr/r r�/r rr/r r�/r r�/r rr/r rr/r rr/r r�/r rr/r r�/r MnO

r�/r ��/r rX/r r�/r Wi/r rr/r rr/r r�/r r�/r �V/r rr/r rr/r rr/r rr/r XX/r zb/s �X/r MgO

gm/m rV/� g�/� Xr/�X Vr/r WX/m rX/X mX/i X/g gg/r �X/m ��/r �g/X gg/r mV/� Y�/� mY/r CaO

V�/g ii/g ��/�r �m/� rX/Y Wr/g �W/V W�/V gW/m m�/Y V�/g Vi/�� r�/V �i/�� i�/V ri/�r Yr/�r NadO

Xr/r mg/W Ym/r �W/r Yi/� mX/r gX/r V�/r XY/r X�/� rW/r ri/r gi/r ��/r rr/� V�/r WY/r KdO

rr/r rr/r rr/r rr/r r�/r rr/r rr/r rr/r rr/r r�/r rr/r rr/r rr/r rr/r r�/r rr/r r�r/r NiO

��/�r� mm/YV Yg/YY gY/YV gm/YV Xi/YV �r/YY XX/YY VV/YV �V/Yg Vi/YY �i/�rr XX/YY gm/YY V�/YV W�/YY bx/bss O-,U�

mV�/� mYW/� VgY/� ��r/� VXm/� mgW/� gX�/� gmi/� m�W/� Vm�/� mYm/� YY�/� giY/� YXr/� Vrr/� VgW/� YX�/� Si 

rrr/r rr/r rrr/r rr�/r rrr/r rr�/r rrr/r rr�/r rrr/r rr�/r rrr/r rrr/r rrr/r rrr/r rrr/r rr/r rrr/r Ti 

Wr�/� WYW/� ��X/� ggY/� �gW/� WWW/� �iY/� �WV/� WgY/� �XY/� Wri/� rrg/� �Xr/� rX�/� dds/b ��V/� rXr/� Al 

rrr/r rrr/r rrr/r rrr/r rr�/r rrr/r rrr/r rr�/r rrr/r rr�/r rrr/r rrr/r rrr/r rrr/r rrr/r rrr/r rr�/r Cr 

r��/r r�m/r rrg/r r�r/r r��/r rri/r rri/r rri/r rrm/r r��/r rrX/r rrr/r rrX/r rrr/r r�Y/r rrm/r rrW/r Fe+W

rrr/r rrr/r rrr/r rrr/r rrr/r rrr/r rrr/r rrr/r rrr/r rrr/r rrr/r rrr/r rrr/r rrr/r rrr/r rrr/r rrr/r Fe+�

rrr/r rr�/r rrr/r rrr/r rrr/r rrr/r rrr/r rr�/r rrr/r rr�/r rrr/r rrr/r rrr/r rrr/r rr�/r rrr/r rrr/r Mn 

rr�/r r�X/r rrW/r rr�/r r�W/r rrr/r rrr/r rr�/r rr�/r r��/r rrr/r rrr/r rrr/r rrr/r rWg/r sdb/s r�r/r Mg 

W�/r rX�/r rV�/r gmY/r rWV/r WrV/r �i�/r ���/r WmW/r rWg/r �YV/r rrX/r �X�/r rWm/r rV�/r rY�/r rW�/r Ca 

mmV/r m�X/r VmX/r �rW/r gVi/r mir/r grm/r g�V/r XYr/r Vig/r mgX/r rrr/� mYi/r YXg/r gW�/r �vx/s Y�i/r Na 

r�V/r ���/r rXi/r rrW/r ���/r rWV/r riW/r rig/r rWi/r rVV/r r�g/r rr�/r ri�/r r��/r ��i/r syv/s r��/r K

rrr/r rrr/r rrr/r rrr/r rrr/r rrr/r rrr/r rrr/r rrr/r rrr/r rrr/r rrr/r rrr/r rrr/r rrr/r rrr/r rrr/r Ni 

r�/X rWi/X r�i/X YY�/i YYV/i YYg/i YYm/i YYg/i YYm/i r�Y/X YYX/i rrX/X YY�/i rrg/X rrW/X sd/x YYi/i O-,U�
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%�.PDU�" 4K�#�2 Z�	��&K5� $�1-�0 �� �-P-� ��3(�� �����12 ��3)��� ���� @%F �0 �3��% 	(G��h� �4�E0 �E�2 ���">�� +-��9 
45�& dd���">�� �c�% 	 )$�H: */-, /0 �-0��� ��3 ���L-G��0�3$�.(

/-,�b* /-,�s* /-,u� /-,uu /-,uv /-,x� ��% 	�3
X�X/Wm ��m/Wm ir�/Wm iig/Wg XXr/Wg gWV/Wm �SiO 
�Ym/� Yi�/� �W�/W mm�/� ���/W �r�/W �TiO 
Ygm/�X XX�/�X Wg�/�X iWX/�X YVm/�i gWV/�X AldOz

rrm/r r�W/r rrr/r rir/r rgi/r rXV/r CrdOz

rW�/�V mWV/�V mg�/�V gig/�g mgr/�g �Wi/�i FeO 
W�g/r W��/r W�V/r WXW/r i�m/r �Vi/r MnO 
�W�/�� VYV/�� VWX/�� i�r/�� ��r/�� Yrm/�i MgO 
rii/r rr�/r r�g/r rrm/r r��/r rrr/r CaO 
�mX/r WrX/r W�i/r �gg/r ��W/r WXi/r NadO
�m�/Y �Yg/Y WmV/Y WXW/Y �Xg/Y iWV/Y KdO
rWg/r rri/r rrr/r r�W/r r�X/r rW�/r NiO 
gYr/Yi �gV/YX iiY/YX gXW/YX XXi/YX gVi/Yi O-,U�

�3 �-�1� 
gVW/� gmW/� ggr/� V�Y/� VW�/� gXi/� Si 
�W�/r �mY/r �gY/r �X�/r �gg/r �Vr/r Ti 
iWX/� WYV/� WgY/� Wgr/� WW�/� WYr/� Al 
rr�/r rr�/r rrr/r rr�/r rri/*r rri/r Cr 
rrr/r rrr/r rrr/r rrr/r rrr/r rrr/r Fe+z

�iY/� �VY/� �VV/� ��g/� ��i/� VVm/r Fe+d

r��/r r�r/r r��/r r��/r r�g/r r��/r Mn 
WgV/� WXW/� WiW/� WYi/� Wgi/� mmm/� Mg 
rrW/r rrr/r rr�/r rr�/r rr�/r rrr/r Ca 
rir/r rim/r rig/r ri�/r rW�/r rX�/r Na 
VYr/r YrX/r Y�r/r VYV/r VY�/r YrW/r K
rr�/r rrr/r rrr/r rr�/r rr�/r rr�/r Ni 
VWi/g Vii/g VWY/g V�m/g gVi/g Vig/g O-,U�

B6�09+-G���2 ���0 R�%)1 �	�-, �3]bd[/-, $�	 �l�� ?!� �� B�2 ��-� ��3 �� K�#ol0�� �	�= a�%J  ����)�&-1 �5	�� /0 �-0�� 
/-,(�� ���� ��3/-, /0 �-0�� �#�>-1 �5	�� � �����12 ��3 ���� ��3L-G�0�3$�.(
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B6�0E6�S��J9 -� ��3(�� �� �-P �����12 ��3)�&-1 �5	�� (�L-G�03��2 ��)��#�>-1 �5	�.(

B6�0F$%5� -�9 �	 ��5-�1 +-G���2 � �H -5IH& +��C1 �� ��3)�-PPL.( 
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 %�.PE�����3 ��3���9 �� 
�� /G��h� b�1bs� �0�l"	 �H -5IH& � +-G���2 ��3 T�� �	�0 ��0-J�  ��E)� �� �E�2 ����E�� �5 (�E� ��E3
�����127��	 +�,� .
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