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Abstract: Arousan -e- Kaboudan area, located about 115 km northeast of Nain (south of 
Choupanan), is part of Central Iran (Yazad block). The Eocene volcanic rocks of the area are 
composed of lavas and pyroclastic rocks. The lavas can be divided into acidic (rhyodacite) 
and relatively basic-basic (trachyandesite, mugearite and hawaiite) rocks. The textures of 
these rocks are trachytic, hyaloporphyritic and poikilitic. Plagioclase (albite to andesine), 
alkali feldspars (sanidine-Or: 65-86%), clinopyroxene (diopside to augite), mica (biotite to 
phlogopite), amphibole (magnesian hastingsitic hornblende to magnesian hastingsite) 
and chlorite (brunsvigite) from thaerochs were analyzed by electron microprobe. 
Geochemical evidence and mineralogical characteristics indicate that the acidic rocks are 
calc-alkaline and basic rocks have shoshonitic nature. The tectonic environment, in which 
these rocks were formed, is probably a volcanic arc related to subduction (in the continental 
margin of central Iranian micro – continental). 
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Fe2+ ;/: %}{/: � � � � � � ~}:/� ~%}/�
Mn ��{/� �%�/� ��;/� ��~/� ��%/� ��~/� ��;/� ��{/� ��}/� �%/�
Mg %;;/� &&{/� }%~/& �&;/� ~~/& }~&/& �:}/; :�&/; �{:/% �~{/%
Ca � � ��|/� � ��{/� ��%/� �:�/� �::/� � �
Na �%}/� ��|/� :�~/� :%|/� :{{/� :{/� :�~/� �~|/� :;;/� :&{/�
K :|:/� :{%/� {|%/: ��/� {~&/: ��{/� {�;/: ��&/� �;:/� �|%/�

Mg# &;/� &~/� |:/� }%/� |%/� |�/� |;/� |;/� ;~/� ;~/�
ASI :��/: :�}/: ��:/: �~/: �~%/: ��{/: �~{/: �:%/: :{/: :|%/:

&�.2?�0	?2�	J j�� E?� 
�!�E��I��'+ �!'� ?3)
!+�1�, �� Q��
EFe3+ �Fe2+��!c( k��  
 �]�&[3�
 ��� ����0�
.(
L76	 ���>� %�:%� ��:%� :�:%�

SiO2 |&&/�~ |:{/�; &%;/�~
TiO2 �:~/� �};/� �;/�
Al2O3 ;%:/:| |}{/:} ~;&/:|
Cr2O3 �&}/� ��&/� �:&/�
FeO {}~/�| %:;/�{ �:�/�{
MnO %:/� �{;/� %:�/�
MgO {&�/:� %�{/:% �|�/:%
CaO �;~/� �:|/� �
Na2O �::/� � �
K2O ::;/� :}�/� �;}/�
Total |;/|} {%/|~ |�/|}
Mg# &;/� &;/� &;/�

Si }~:/; ~&:/; ~|/;
Ti ��%/� �:�/� ��|/�

Aliv �%{/� %;{/� %�/�
Alvi &&;/� �&:/� &/�
Cr ��|/� ��&/� ���/�

Fe2+ ��:/; %;~/; �:%/;
Mn �;~/� �;;/� �;}/�
Mg :&:/& %&:/& �;;/&
Ca �:%/� ��&/� �
Na ��;/� � �
K �%:/� �&|/� �:~/�
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8�_�	 ��	���@ A�B �� La2�7� ����)�����
 <!� =�>�(#

��?��S
!�B ��I =�f $�+zq��2
 or�zq�!( � �2�>� ��I
 �?��S
!�B �oo��2
 po�oo3�
 ��� CD
� �D!�.
?L67� $

KEB�
 ��0^�� �� �
?E�!� �
!�)F�'+?�E( �?��  !
F��	
–�^� A�4\������]�#%.[�I�_
������ ��� 

H� N��� La2�7�H� � �	����,J ��I��I�
�J�OJ �
L04+
� 3�
 k�� L+ $� $��a, ���
 !+ L�K-Ar L+ $��K


 ?!?$–��	��3�
 ��� ��
� 394	]&.[
?H� $�� �I
)*+�I�=�>� �+!U +�B ���  !� �
�
� �0^�� $��+

�	�"!"� L(�>�����	
 �	
.
?$(�>��	�"!"� 8LL+ ����� 
����04��D #F��	
 ?>�!,?$H��I�� A�4\� L67��-

#��� �!� L+ A�4��$?!9��V�$?!9��V3�
 $?!?  .H�-
�I�	����,J ���)*+D!� ��+��	 �0��������I�_
��L,

04�	�L0S!" �
!D $?!?  L��,!V�	
)N1��(.
?�I�_
� $
N���WIJ��I+�
 �2�0�$#���� #Ll_X� N+�D 3��*� �+ �
�

�04I 
!��'�� � H� L��� .H��I���IJ �+��	 ��0���
�
 ?Lc*�� �
�����1�, �K� ��2�� iX�L0S!" �
!D Q�	
 .

�>I�H� $�I�	����,J �+!U )*+ �� �
�
� �!9>I �

O��	 `��, �+ L'4"�S�� =�� �	�D�S $��K
 $� �+ �–2
��$��
 ?!?$�	
 .�I ���,�O��	 �?��� �� �!, !l	  
 �9�N��� 

	
!"���	
!" #3?��?� #3��	�E	�� � 3��04I 3]}[.

�����������A �
	� ���
�����	����,J �_�	 ��!, !l	  
 ����!( 8�� T�>���?��

��f�d�
���)�?��
��3(�P�094	 �+ ?Q� �+?Q)�
!,�
 �	J?#3�J �.��?K
��I � 3�
?3(�	�
� �
!D .3S�+ 
 �� T2�U?$

H��IV �K�� � W?!�S����2��I #�0�V
!, �W�0�'3�
 .
�?�
���3	�� !l	  
 �I�����.X� 8(�>�� �+ ?# X��E,�
�V #

��J�+ � #=�9�,��� �*�� 3�!��S L� �	��?34�I�E,�
�� 
P[�>a� '^���N1��	
 .� 
�"�I��
!, � �	J ?0��.�� �

�J?0�+�!0�34?!��S  
 ��I'��� X��?.X� � $4��!��
��� N���, 	
^!+ �� L� ��+ ��
�� �,��3?��J ��	 =�9��
!>I E

'� �+��$4��!���	�
� ���_ H� �� .,��J�� $��
 #3
0"���	�� �
�( L+ 3����(!S �
 �� ?+ � R� ���� $�)

� ��I�����	�� .	����I��	�s ?�� L!� N�?4�#3!'�?#3
4'����
�� �� � 3��
��04I i��.

>B� 0�6	8� �$����L67� ��� ���� ]~[.
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a2�7�8�>�� �	�� H� �_�	 �	����,J ��I8�
��9� ����!( A!U )�����
 <!� =�>�(�rz

C	*D�� 
��>,���$4��!�IH� ���I�	�����,J�_�	 ��8 
 �����!( 

'� ��	����3�
 $4��! + L� �!��S i��� L+ !0� �?34��I�
N1�� ��I��� �
��	���.'�����$4��! n� �I  
 .X� �? X�� 

�
�
!S �
�( L+!,?	�� $���H��I� �+ �?L�67� Q����_
�	�
� .^!+�!��S  
 ?34�I�
?	�� $�)� L+ �? �J �.��� �Z �? 3

�I (
�
�����
 3S�+ ���	J �� L� �04I =�^�
 ���I �	
�
!S �
�I��Y��'S  
�'D���?� �� �$4��! � ��I��� �I�����)N��� 

%�d2
('� ��f L+ #���'1� ��B� �'D ��Y��'S �	�� �!7D ���?
�I��'+ �����'������� $4��!?
� `�?��	��0_ #34����-


 �!� �(�
 �
�,?�� $?H� �� ���I��OJ ?3�
 ���	 $. �� ��
 
!+ ��� ��1�, �'� N�� ��$4��!�I����
 �S!a� ����� -

�	
 .	
!���I�Z� #34*	�l	��!]|[!�	J L�� L�+ 
�?
!S Q?��
 )�
� �+ $��2�4�
?� 394	 !��I�.

3KAlSi2O6 + 2Ca0.5AlSi2O6 = 3KAlSi3O8 +
CaAl2SiO6
(K-bearing Cpx + Ca-Eskola Px = K-feldspar + 
Ca-Tschermak Px) 

 #���]{[��!+?��
� L�I����!, ?���1���!+ �� �)��
� �?��

 #L� 3�
 �60a� ���?2� L+ )�
� $��N8��2�� ���B� ���( 

Ca – Eskola	�� ���	
�	�34.��B�, �� ��
 L�?�� $�?��
1�, L� ��
� ��60(
�
 N?'� L	�" $����$4���! 87��
� L�+ ��I

 )�
�?!� L76	 �� !�01,�t� i��� Q?3�
 L0S!.

��0���Y��'S�Q+�?4����=A
t� +'�����$4��!��0��R�
� 

�>I ��!9��	�6( $�)�
� ��
� ������ ��I��U �!���(  
 
'D���?'� ��+ ����	 $4���! �� �� E���+ ��	
�, ����2�^�
 �
�
!�S 

'D ��Y��'S���?1�, L+ !�� �'� N�������
 $4��!��	�� .

 L+ LB�, �+?
!S L1?=�
 �)$��'4�
 (
!S �?��� ��))��
�
 !� L76	 ���01,�Q(H� ���� �� ��I�[��+ ����S ���"!"� 

(UHP) � �!7� #>a, #3�
 ���
!�+ �J R�� 
��" ��I�
�?$
_�	�������67� 8�	������ � #34���?1����, L���� 3����
 L04�N
'�����$4��!�I����
 ����� )�
� L+ �I�U�!��(  
 
'D���?��� ��
� 394	 .

^!+��I��'+  
 �'�����
�
� $4��!��+ L67� ����( �
�04I)N1�%�A.(i�a2�7� ��SEM ��S L�� ��� ��'a� 

!�?34�I�
?	�� $�L67� !+ ��X( �+���
��� �� #N���� �
L67��+��D�	 )Patchily Zonation (	�� ���	 E���I� .


!+���!+ �D��L67� e�+�'�����$4��!  
 �I �? L�	�>	 Q
!��S��?�����
 34� �, 8���6	 #��?!c��( C�(Elemental 

Mapping) �, ��� L)N1�&.(��	���	 L+ LB�, �+�R�� L�� 
��2J !c(��, #R�	�0�� #R �, #$IJ ��
 i
! �? �, �� !���( $��8

L�6	?�	�� L0S!" !l	 �� ��� �� .�!" ��\2 �?�.���!+�
�?$
� ���	 L�6	�� L� �I�����_ L�+ E�!�  
 $IJ �
E�
E�S
 L?)

?�� L� L0S�?L67� ��+���( �
 �� ?	�� $�3��
 .��>I�$
����2J �
E��, � R�	�0�	 R�J ��+ EH�I?L�+ E��!�  
 3�^
�1

��_�
ES
 L?)?3�
 L0S�.

>5� 3d2
(�c,?!BSE���
 3S�+  
 �!��S�� ?34�?4���#�L+ �?��?O��	, H	� ���Y���'S  
 N1��0� �! �?���'D �'1	
 �?���	��#$���� 
��3�0"�����+ .A(�c,?!BSE  
 L67���+� ��'+ �� ���( ?4����.

E��  
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�
����+ #�+
!,#��?�>_
#�,
��� �rx

>5�4�6	8 �, ?!c( C�!��S  
 ?���
 34��?4��� 
�" �� ��B�� �`�J �.�� ?0�L���!0�2
 `�	 
�E�E?� �+�,�3�
 ��� L.��?� L�	�@
������ #���2J �
E��, #R�	�0���_ L+ E�!�  
 $IJ � R�
 LS
E?� )�?�+�.

8�>I��$4���! ��I��
���>	 �� L�67� Q-J  ]:�[�!�>'D ��
��$4��!�I�$IJ –��E?R�4'� �L0S!" �
!D R��	
)N1��;.(

�!,������ T�>���?'�����$4����!�
����>	 �� ���I Wo-En-Fs 
]:�[3��
 ���� ��
� ���	 .�!, ��T
�?	��� $��I�����
!,�

 �	J?3�IK
��I ��
?3��I �
��*>I 4�6, ��+ �R��+�]:�[��
`!04" �?4����)46, ���R�+�]:::[2�� �3(�2���.��� �� 

�J?3�I�  
 ?4���.�
 �, �?3�
 ����	 �� 3)N��~(.
��!+����
EMgO� �� ��B�� �$4��! �I �
� ���	 L�

�
!,� �	J ?3�J �.�� L+ 394	 �I?3K
��I � �I�
?3 
 �I
MgO!0>� ��	�
���^!+ L����
�,
� �J ��� L+ ����?$!,

1�,��
� 394	 ��	J N.�!,�'� T����$4��!�!, L+ �I�T
��>���?\� ��1�, ]�N� 
�"�I����04+ ��+E���
� L+ �

>I�2� $��
�( L+ N?a� Q�
!+ T��� ���*�, �\� ��]
� �0^�� $�1�, �H� N��!04" �!+��� �I
���
� ]:��,
:;.[��I��� �+ )N1�}–d2
(LV
!+ �a,��!� $��I�

�>"���?�!+ ��V L+ #��� ����� �
�,?L	�>	 T'U
 L� 3S� �� �I
	 `!04"�L>'D���?�	�
� �
!D #^!+ ��L	�>	  
 �I���B�� 

�J �.����?3�!>'D �� �I'D���?L0S!" �
!D �	
]:%[.
a, ��l� L+��\� $�� ]�0^�� $�1�, �
 N?H� $�I

 
 �
��>	 )F2–F1(�� ����0�
]:&[.�� L� L1	�@)N1�
}–A(L	�>	 ��E+ )*+ �� ��
� ���	��	�>� �!>'D �� �I�

�>"���?!0>� )*+ ����	�>� F!0�� �!>'D �� ��>"�� �?�
�
��S�I�D
 d� ���	����� CD
� �	
��!+ L+ LB�, �+ L� ��I�

!\��?� ��[�+ �
E���0� �R#\��D
 d� ]���	��
!+ #�
L	�>	�I�67� La2�7� ���� �	�34.�>I�� $�I
�
��K.�>���?9� N� H� �H� L� 3�
 �J $�I��>"�� �?

�� L67�?�>"�� ��>� Q�?��_ �� L� )	
��!S L+ L04+
� �L
<!� `��D ��!^ �
?E�!� �
!�1�, ���B� L+ #3�
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a2�7�8�>�� �	�� H� �_�	 �	����,J ��I8�
��9� ����!( A!U )�����
 <!� =�>�(�rv

Clinoenstatite Clinoferrosillite
Pigeonite

Augite

Diops ide Hedenbergite

En Fs

Wo

Clinoenstatite Clinoferrosillite
Pigeonite

Augite

Diopside Hedenbergite

En Fs

Wo

 E��

>5� ?�>	?�!, )�� T��I $4��!��
��>	 �� L67� Q-J]:�.[Q = Ca + Mg + Fe2+�J = 2Na.

>5� F�>	?)�!,�� T�>���?'��� ���'�� �
��>	 �� $4��!�Wo-En-Fs ]:�[d2
 (�J �.��?3A(�
!,� �	J ?K
��I � 3�
?3.

>5�Gd2
 (	��  
 ����0�
�'��� ��$4��!�
!+ a, ��!� $��>"�� �?]�o[A(a,��aD�� $�3$��  �0^���>"���?H� ��I�	�����,J �
_�	��!,  
 ����0�
 �+ L�'� T�� ��$4��!]�q[.

F1 = - (0.012 * SiO2) – (0.0807 * TiO2) + (0.0026 * Al2O3) – (0.0012 * FeOt) – (0.0026 * MnO) + (0.0087 * MgO) – 
(0.0128 * CaO) – (0.0419 * Na2O) 
F2 = - (0.0469 * SiO2) – (0.0818 * TiO2) + (0.0212 * Al2O3) – (0.0041 * FeOt) – (0.1435 * MnO) + (0.0029 * MgO) – 
(0.0085 * CaO) – (0.016 * Na2O) 
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� W�?!S $IJ �
E���$4���!  
 �a+��, ��I ���"�S�4��
 L0��Z
\��1�, ]�N`�I�3���	J]:}.[L+ LB�, �+)N��|�d�2
 (

L	�>	 L+ M�+!� ��I �J �.�� ?3�IK
��I ��3?
 ]^ �[�+ �� �I
Fe3+ = 0 ��_ LV ��
� �
!D ����+ [�+  
 ��"�S�4�
 L0��� �Z

\��1�, ]�
 N?H�� $3���I#,���� �� �L�	�>	 L�� ��I�
�
!, L+ M�+!�� �	J ?3�� �� �I�?$
?$���� CD
� ]^ ��	
 L�� 

+�!�	����?��"�S ���+ $�4�
 L0�\� �� �Z�]���+3�
.
�� )N��|–A('��� ��$4��!�I��I�_
� �� �� �

�
��>	 �� L67� d'0*� Ti T4_ !+ Al��� L4?�6��	
 .
�� ��I��� L�	�@3? �	J �V
!, ����6� �� �I?�+ L4 �.�� 

�J?3�I�K
��I�3?

�
� �I�!0>� ?� $��
ETi �+ L� �04I 
��>�� 36+�7� N� H� �+�,  �+ � ���'D  
 3�
 ���?

+ ��� !,[��J �.��?3�I�K
��I�3?
�I.

(�H�.:I 
�
�
!S �
�( L+ ��Y��'S!,?	�� $�H� �� �I�L+ L67� 

� ��>�����'D ��Y��'S N��� ����?�.X� ?3�
  X�� .

E�� (9JC1@J� 

?	�� $��� 3S�? E�	 L��  �� #34?!V�S �
�	
 !+ ��X( -

�	�� .34?!V�S�I�.X� ? X��'U
 �
�
� TL67��+��

�
�
� �I�"L67��+��04I ������ .��	J  
 ��a+ ��
�� LV 3�
 �"���^ �
�
� ��'+ ��
�_ i
!���, L+ 
� �J �
�,

�
� 394	 � 
�" b�!^ ���I �?��>�� =��a, ��( � ���S.
�!,�.X� T?H�  X���I�	����,J �_�	 �La2�7� ���� 8

��!04" P�094	 `!04" ��
�92J  
 � �	J �, 3?3�
 ����	 �� $.
�!,�T� �� ��B�� ��Y��'S?��
��3�I`!04" �� ���>( 

2
�^!+ �� �  X���� �	J �, ��
�� ?$(An:18-29) 3�
 
)N1�{.(( ���
 =�_ $?	�� $��
!, �� � �	J ?3��_ �� �I�8

�!, �+ ��'+�TAn~29� �*�� �L+ ��'+ E�!� �� � ���
An~32�����.

 (:/ (�H�.:I	��1
'D ��Y��'S���?��'1� !+ ��X(�!��S ?� � 34?�I��'+ E�

� �L#L+i���=�^�
	�E���� '�����$4��!�I���0^�� �+ 
���
�)� L+?�J �.�� �� �Z?3�I(� ��I������� .8>I ��


?�!, ��
�� $�92J  
 #�J T�[�+ ��'^ �+ 3)An:1-3% ( �?�
	����?$)Or:65-86% (1�,�N���3�
 .

>5�Kd2
 (�I $4��!�� ��'� N�1�, ]�\� �� �Z�4�
 L0���"�S $��a,]�v.[]^ �[�+ ��I L	�>	Fe3+ = 0)3�?
 �K
��I � �I 3?�J �.��
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