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 B<�2. A ( 5����� I��������*"�<�� ��	J���>J* xpl)( B ( ��K�( ���,"�L�( 5��� M��-� N��� I� 	( ��� �� �� 
��	J���>J*

;��� ��( xpl) (C ( 	J���>J* ����(��,O BH�0 5����xpl) (D ( 5����,��� I��������* ���,"�<����� �"��*��� �� )(xpl  E ( 5���

 5���P������! " � �"��*����� 
��� Q� BH�0 I������*"����))(xpl F (� ����E"� ����� �� �"��*��� ��)(xpl G( ��"�

� ����(��,O�� �� �"��*���  ��,�! " ������ 5� �� �5���� �����R 
���  5�,�S	BH�0 ;�� )(xpl H  ( ����,((;�� 5�NP��� )(xpl    

K( <� I*( ���� B �(�)5���P������! ()(xpl  
  

"�� T1 . (	�� �� ����,( +"�*"�<�� ��NK! U���� 5,)�V� �( Q!( ��#= D��( �� ( 

Olivine 1R  2R 1C 2C 

SiO2 38.43 38.71 37.51 37.21 

TiO2 0.01 0.01 0.01 0.01 

Al2O3 0 0.51 0.44 0.22 

FeO 26.53 26.53 27.1 27.43 

MnO 0.63 0.64 0.64 0.64 
MgO 32.33 31.88 32.65 32.19 

CaO 0.2 0.32 0.31 0.29 

K2O 0.08 0.08 0.08 0.07 

Total 98.21 98.68 98.74 98.06 

Si 1.053 1.053 1.053 1.053 

Fe+2 0.607 0.607 0.607 0.607 
Mn 0.015 0.015 0.015 0.015 

Mg 1.319 1.319 1.319 1.319 

Ca 0.006 0.006 0.006 0.006 

Tot.cat. 3 3 3 3 

%Te 0.75 0.75 0.75 0.75 

%Fo 67.76 67.76 67.76 67.76 

%Fa 31.19 31.19 31.19 31.1 
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"�� T2.   5,(	�� �� � �"��*����� +"�*"�<�� ��NK! U����)�V� �( Q!( 1� D��( �� (  

Cpx 1R 2R 3R 1C 2C 3C   4M 

SiO2 52.1 50.46 50.14 50.76 50.91 50.11 50.04 
TiO2 1.04 0.92 1.98 0.6 0.57 1.89 1.19 

Al2O3 3.07 4.2 4.37 4.36 3.31 4.6 4.54 
Cr2O3 0.07 0.14 0.08 0.04 0.06 0.08 0.04 

FeO 8.21 9.26 8.5 9.42 8.83 7.23 8.56 
MnO 0.26 0.34 0.33 0.37 0.5 0.39 0.28 
MgO 14.13 14.11 14.94 14.54 15.51 14.99 14.28 

CaO 20.87 20.06 19.41 19.68 19.9 20.11 20.67 
Na2O 0 0 0 0.08 0 0 0 
Total 99.75 99.49 99.75 99.77 99.59 99.3 99.6 

Si 1.946 1.89 1.869 1.892 1.894 1.868 1.868 
Ti 0.029 0.026 0.056 0.017 0.016 0.053 0.033 
Al 0.135 0.185 0.192 0.191 0.145 0.202 0.2 
Cr 0.002 0.004 0.002 0.001 0.002 0.002 0.001 

Fe+2 0.345 0.312 0.309 0.303 0.294 0.272 0.271 
Mn 0.008 0.011 0.01 0.012 0.016 0.012 0.009 
Mg 0.787 0.788 0.83 0.808 0.86 0.833 0.795 

Ca 0.835 0.805 0.775 0.786 0.793 0.803 0.827 
Na 0 0 0 0.005 0 0 0 

Total 4 4 4 4 4 4 4 
Mg/(Mg+Fe+2) 0.695 0.716 0.729 0.727 0.745 0.754 0.746 

Fe+2/(Fetot) 1.345 1.076 1.165 1.033 1.069 1.209 1.015 

Al/(Al+Fe+3+Cr) 2.777 1.108 1.274 1.046 1.135 1.284 1.014 
Tri. plots        

%En         0.4 0.414 0.434 0.426 0.442 0.436 0.42 
%Fs           0.175 0.164 0.161 0.16 0.151 0.143 0.143 

%Wo          0.425 0.423 0.405 0.414 0.407 0.421 0.437 
Mole fractions        

XSi  (T) 0.973 0.945 0.935 0.946 0.947 0.934 0.934 

XAl  (T)AlIV 0.027 0.055 0.065 0.054 0.053 0.066 0.066 
XAl  (M1)AlVI 0.082 0.076 0.061 0.083 0.039 0.07 0.068 

XFe+3  (M1) 0.089 0.022 0.044 0.01 0.019 0.047 0.004 

XFe+2  (M1) 0.295 0.258 0.248 0.245 0.242 0.225 0.227 
XMg  (M1) 0.673 0.65 0.668 0.654 0.708 0.687 0.667 

XFe+2  (M2) 0.05 0.055 0.06 0.058 0.052 0.048 0.044 
XMg  (M2) 0.114 0.138 0.162 0.154 0.152 0.147 0.128 
XCa  (M2) 0.835 0.805 0.775 0.786 0.793 0.803 0.827 

Final name: augite  augite augite augite augite augite augite 

  

"�� T3  .  	J���>J* +"�*"�<�� ��NK! U����5,(	�� �� ) �V� �( Q!( 5-� D��( ��.(  

 Plg 1C 2C 3C 4C 1R 2R 3R 4R 1M 2M 3M 

SiO2 54.90 54.43 54.90 54.43 54.58 54.42 55.60 55.28 54.92 54.48 55.24 

TiO2 0.42 0.14 0.22 0.14 0.16 0.18 0.22 0.21 0.12 0.14 0.16 

Al2O3 25.82 26.56 26.92 26.56 26.42 26.62 26.36 25.94 25.38 26.09 25.60 

FeO 1.13 0.53 0.89 0.53 0.81 0.79 0.52 0.68 0.82 0.72 0.61 
MnO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
MgO 0.80 0.00 0.52 0.00 0.62 0.68 0.22 0.51 0.18 0.51 0.24 
CaO 11.09 12.04 11.09 12.04 11.31 11.01 10.52 11.01 10.92 11.02 10.82 

Na2O 4.21 4.43 4.18 4.63 4.42 4.38 4.23 4.20 4.93 4.33 5.08 

K2O 0.86 0.80 0.86 0.80 0.81 0.84 0.82 0.75 0.80 0.78 0.88 

TOTAL 99.23 98.93 99.58 99.13 99.13 98.92 98.49 98.58 98.07 98.07 98.63 

 Oxygens 
   

8 8 8 8 8 8 8 8 8 8 8 

 Si 2.51 2.50 2.50 2.50 2.50 2.50 2.55 2.54 2.54 2.52 2.54 

Al 1.39 1.44 1.45 1.44 1.43 1.44 1.42 1.40 1.39 1.42 1.39 
Ti 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.01 0.01 
Fe 0.04 0.02 0.03 0.02 0.03 0.03 0.02 0.03 0.03 0.03 0.02 

Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Mg 0.06 0.00 0.04 0.00 0.04 0.05 0.02 0.04 0.01 0.04 0.02 

Zn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Ca 0.54 0.59 0.54 0.59 0.56 0.54 0.52 0.54 0.54 0.55 0.53 
Na 0.37 0.40 0.37 0.41 0.39 0.39 0.38 0.37 0.44 0.39 0.45 

K 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.04 0.05 0.05 0.05 
Total 4.99 5.00 4.98 5.01 5.00 5.00 4.95 4.97 5.01 4.99 5.01 

 %Or 5.19 4.53 5.20 4.46 4.76 5.02 5.10 4.58 4.58 4.69 4.97 

%Ab 38.61 38.16 38.44 39.21 39.45 39.76 39.97 38.97 42.90 39.61 43.65 

%An 56.20 57.31 56.36 56.34 55.79 55.23 54.93 56.45 52.52 55.70 51.38 
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"�� T4 .  �� 5���� +"�*"�<�� ��NK! U����� 5,(	�)�� �V� �( Q!( 5-� D��( ������.( 

Cl 1C 2C 3C 4C 5C 1R 2R 3R 4R 5R 

SiO2 36.02 36.54 36.51 34.68 35.29 36.14 35.62 37.26 35.86 35.12 

TiO2 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.10 0.00 

Al2O3 5.03 4.98 4.28 5.96 4.04 5.71 5.34 4.05 4.85 4.88 

Cr2O3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Fe2O3 1.57 2.23 1.74 1.01 0.53 2.47 1.53 3.07 2.03 1.82 

FeO 28.01 26.77 27.96 28.29 29.50 26.00 28.01 25.22 26.19 25.38 
MnO 0.13 0.21 0.20 0.30 0.21 0.12 0.14 0.14 0.24 0.17 
MgO 16.89 16.56 16.62 16.62 17.29 16.16 16.62 15.84 16.48 16.52 
CaO 0.78 0.84 0.96 0.94 0.92 0.77 0.72 0.92 0.82 0.86 

Na2O 0.02 0.02 0.04 0.02 0.02 0.04 0.02 0.04 0.04 0.06 

K2O 0.20 0.17 0.22 0.20 0.22 0.21 0.23 0.25 0.25 0.27 

Total 99.95 99.63 99.80 99.20 99.15 98.85 99.45 97.92 97.98 95.99 

Al total 1.26 1.25 1.07 1.51 1.03 1.44 1.34 1.03 1.23 1.26 

Al 
IV

  0.39 0.30 0.27 0.59 0.41 0.35 0.43 0.06 0.32 0.34 

Al 
VI

 0.87 0.95 0.80 0.92 0.61 1.09 0.91 0.97 0.92 0.93 

Si 7.61 7.70 7.73 7.41 7.59 7.65 7.57 7.94 7.68 7.66 
Fe/Fe+Mg 0.49 0.49 0.50 0.50 0.49 0.49 0.50 0.50 0.49 0.48 

Si 7.61 7.70 7.73 7.41 7.59 7.65 7.57 7.94 7.68 7.66 
Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 
Al 1.25 1.24 1.07 1.50 1.02 1.42 1.34 1.02 1.22 1.26 

Fe
+3

 0.25 0.35 0.28 0.16 0.09 0.39 0.24 0.49 0.33 0.30 

Fe
+2

 4.95 4.72 4.95 5.06 5.30 4.60 4.98 4.50 4.69 4.63 

Mn 0.02 0.04 0.04 0.05 0.04 0.02 0.03 0.03 0.04 0.03 
Mg 5.32 5.20 5.24 5.29 5.54 5.10 5.26 5.03 5.26 5.37 
Ca 0.18 0.19 0.22 0.22 0.21 0.17 0.16 0.21 0.19 0.20 
Na 0.02 0.02 0.03 0.02 0.02 0.03 0.02 0.03 0.03 0.05 
K 0.11 0.09 0.12 0.11 0.12 0.11 0.12 0.14 0.14 0.15 

name diabantite diabantite diabantite diabantite diabantite diabantite diabantite diabantite diabantite diabantite 

  
���"�	 %&��'
 �(�
 -�@  6"(�	����	@ Z�� ��

 ��2�� .

�� 1)3-A (#��, %2 %,�= �2 %. )1 (��)
(SiO2  �> �@
 �	221/37  �=43/38  (��)
 � ���2FeO i(�j %2  �� �@>

 �� 
�	F�c43/26   �=1/27 6�� �	u�
 . (��)
MgO  �	2
88/31  �=65/32 

 ��)
 � ���2 (Al2O3  �j(� N!Q �2
��� �� 
12/0  �=51/0 6�� �	u�
 .��)
 (Mg# �> �@ %2

(�g � m���
 ( ���Q51 %6�� . � �@> (��)
 �		u= ���
 N	.�= (� P"I	�
���"�	  %	��Q (� � ��"� P@ %2 6U!� �@

�"�	�� 1	��= �	Q m	M
 #��&= ������ %�!@ �6�� �@.  
E�!.��	 2 �@ � R������� �@ -%w�(�  ��� #��, (� )2 ( �

fUg  (���3��3�
����.I" -Wo –En- Fs �3@ (� 

 6"D�� ����M
%�F��(��5 ���  1��)3- B.(  

 (���3� (�)�� 13 - C ( ���"�,M1  �M2  ���
 ����� �2
M F�&

 ��	=�. ���&= � ��� -�@Ca �Mg �Fe  ���
 (�
M )A"��� �2 Q ( (��)
 �2 %!"�)
 (�Na ���"�, �"� (� ) �2

 A"���J (�(�2
 ���. �  A"��� (��)
Q %U��M
 �� -

-Q=(Ca +Mg + ��)
 �(J  %U��M
 ��-J=2Na  

6�� %2 

�"> . N	.�=%��3� �@�!.��	E��	�. - -�@
����M
 (� (���3� �"� (� %&��'
 �(�
 -A  %2 |�2�


 ��3�5E�!.��	  -�@Fe  �Mg  �Ca 

 (��5 (����	�.  

�!.��	E N	.�= (� �@;�� �@'�
 - �� %)En40  �=En44. 

  �=  ��I	
 �  �=  �	u�

6�� (�g %2 � ��� 
�. ���Q (� P"I	�
 5/69  �=4/75 

6�� �j(� %.  ��3. P"I	�
 ���75% %��3� ������ �@

��. �"� f"�?=6�� %	��� -�3��
 �� �@ ]20[ . %2 %,�= �2

 (���3�SiO2  12�)
 (�Al2O3 �!.��	E -�� %2 �@
�(�� f�&= �����> +�� �= �����> 
"�3��
 )�� 13-D ( �2 �

 ���"�, %2 %,�=(� 
��	=�. #�
�F (�w���=Ca2(Al, Ti, Fe, 

Mg)(Si, Al)2O6�  4"��= (���3� fUgAl 12�)
 (� Si 
)�� 13 - E ( ���2 �����> -�3��
��=1	  ���@� �	"G=



���� .�= �2%��3� ���2 P��� %2 %, �!.��	E��	�. -�@
+�X��� ���  ���� ���2 ~�M�
 �	h �Ti  6	&5�
 (�

�!.��	E��	�. -(�w��.� �@]31[ ���3� �� (Ti  %2 6U!� 

 )�� 13 - F( 6�� ��� ���?��� . (�.�
 (���3� fUg
 (��!.��	E��	�. (��)
 �2 (��U= 
g i(��Q <"�IF� �2 �@
Al

   �=�> 
g %. 6�� ��� ���IF� -(�@�� � �Al
   6	&5�


 %���. -(�w��.�6�� ���  
�h � -��� (��U= ������ %.
��)
 �2 ���	= (� %	��� -�3��
 ���2(T 3Al IV=   %�!@ (�



 
��. 
���Q (� 6U!� �"� (��F <@�. �2 %. ���2
6	����	
 � 
��.2 �@ %5T  AlIV = 

��(.  

84  



��������	 ���� 
�� ��� �
������ �����17 )��� ��! " ��#� 1394(    

 

   

1	��= m	M
 �		&= (� �!.��	E��	�. �� �@(���3� ��
�(�E 
   �  ) 1��3-G( (���3� � Al2O3  12�)
 (�SiO2 

)�� 13-H( %. �� ���?���%��3� �@ (� %&��'
 �(�
 -
����M
 -WPA 

 (��56����2 m	M
 %. ���	� -�@

%M?j ��(� �����>

 ���� �( -��@� .%,�= �2  m	M
 %2
���= �(�5 ��	
 
�	�f�&= � �����> 
"�3��
 -�� %2� 

6����2 �"�	�� � ���2 6����2 �"�	�� 
����> %&��'
 �(�
 -�@
 ��	
 m	M
 (��(�5 � 
"�3��
 R�5 6�E �" -������S"  ���

�!.��	E��	�. (��8�� 
F�g �� -�(�� -�@AlVI  ���3@ %2
�E m	M
 (� 1	��= K�2 ���	=9 �( R�5 6M
913� �= 



�.� ]35[.  

<	2 %)'�
 -�@�C.�"DCE N	.�= � ���2 
�"(����2K �=
"��)
 �CaO  �	2 �>5/10  �=04/12  (��)
 �Na2O  �	2

3/4  �=8/5  I	� �> ��	�	
��> (��)
 �6/25  �=94/26 ) �2

��� �j(� N!Q ( (�%��3� �@ � 6!"�.��F W��X
 -

 ���2 �	u�
 %	��Q �= %�!@ � 6	����	
 ��	���	
 �"��)
 

 %31/57  - 38/51An = 

 ��2 �) 1��3 - K �  #��,
3 .( (�DCE"�@�C.� 2	< �="�  (� 6	=(��> �j(�%�!@  -

 �@�C.�"DCEAn 57  �= �j(�P. �="�  
���Q (� (��)

(��)
 %2 
��.  An54��j(  �	u�


 ���2  (� %.


	����	6 �@  �=51 % <@�. P@

 "�2� .��1)3 -L (
����� %3@ (� 6	=(��> (��)
 <@�. �%��3� �@  N	� �2

�)="��U  
��. %	��Q %2 %�!@ �� ��!3@

 ���2.  
  

  

<�B3 .A ( �(��.� ?!Q�  
���,(���� ���.�� X���! X 0 �� ���]9[ B ( X���!��� �"��*���  5�!�� �( [�\�\� �(��.� 
"� �� 
��(En) �

 5�����]"(Wo) ����"�� "5(Fs) 5�( ����) �(�E 5�>"( ;�"�3� ��]10 [C ((��.� ���]26[ ! B� X������ �"��*��� � �� �� ���O ;�"�3

 �Q�N��� ��Q� 5�( ����) �(�E �(�. D ( �(��.� SiO2 B��?� ��Al2O3 �  ��_�@! 
(�� BAl   _ �"��*����� ��_S(��! D`� ���]20[ E(  �(��_.�

 52 �Si  ��Al � �"��*����� ��S(��! �� a������,O ���-��� �(N�� �� B��  ��-� (� Q� ��� 
�K��� ���]35[ F (���-��� �(N�� �(��.� 

Ti  "AlIV   
�K�Si � ��S(��! ���� �"��*��� �� ]35[  

85  



��������	 ���� 
�� ��� �
������ �����17 )��� ��! " ��#� 1394(    

 

   

  ��(�( <� B3 .G (�(��.�F1   B��?� ��F2  	(]28[ �� ��b�� N��.! c�3�
�� �<����<!  5,(	�� VAB)5,(	�� 
�_�  ��_.�  ���_-L-!O( 

WPA )5,(	��
�� �3LH ���� �,�<,O
( ( WPT)5,(	��
�� ���d,�! ���� H_�3L
(( OFB )5,(	��
��  ��_ �  �_�����E( ( _�(_ ;��L�

�� B�<-! c�3� �� ������.� �� 
��� �"��*���   �,�<,O 
�� ��5,(	�� �� �"�� 
�3LH ( 
����)�(�E ��( H (�(��.� Al2O3  B��?� ��

SiO2  �"��*����� �.�� e2f ���.)�� ����<! c�3� I�<L! 
(�� �� ����.� �� ;�"�3� �� (� �,�<,O +�� 
–     ��_�� " ���_��E �_.��

;��E ( ��-� 
�� �� �]20[ K( ?!Q�  
���>J*����.�� X���! D��( �� ��	J���]10[ L (B<�   ��_ � 	( 5�!���O �(�?� 1��� �P��-�

 ���� ����0 ���� ����.  
  

� �"��*����� �K����-���  

��	�. (��U= f3� �		&= -��2   (���93� �� �9!.��	EAlVI  (�
992�)
 1AlIV  699�� ��99� ���?�99�� . (� ��99	�	
��> 499"��=
&5�
6	 6�@ � 
r,�(�rY -�@ 
r,��. �9!.��	E��	   �9@

   (�9�F ��I9	
 � �3��
 +> (��)
 �(�>�2 -��2 
U���
 (�	&

 1	��= m	M
 �2 P.�Q;�� �@�� �"(�> -6 ]8[ .  �9"� �2

 #�
�.�!.��	E��	  (��F  (� �@5 �	. �63!5 � (�2  (��92> 

  (��9995 (���9993�999

 999��	�� )�999� 14-A .( 6999	&5�

�.�!.��	E��	  (� �@�(��.�Na +   (�B��?�Cr + 2Ti 

+    ��]24[ �99!.��	E��	�. 1	�99�= ����99�� (� �99@
%�	����F 6��Q - �	"�9E     m98 �9"� (� �s	9!.�= 0  

%��3�  -��2

 �@���2 )�� 14-B.(  

  
 B<�4.  A (g�	�! a������,O 
��S(��! " 
��S���( �� ��� �"��*��� X���! �� �� ��-� " �(�?� +O  �.)��]8[ B (  �(��_.�h@!  i(�_�+ 

Na+ AlIV �� 52 � AlVI + 2Ti + Cr ]24[  ���2! c�3� �� �V� �( �����)�� �) ��������  ���� ����.  

86  



��������	 ���� 
�� ��� �
������ �����17 )��� ��! " ��#� 1394(    

 

   

 c��! 
������!��� �"��*��� ��  

�!.��	E��	�. -��
�
�= (� #�
�F �� �@%w�(�  ��9�  m9��= 
]28[  %U99��M
 �99"� i(�99j %992 %99. 699�� ��99� ���?�99��


 ���:  

T( )=

 

= (1 – Ca – Na – K )[1 –   (Al + Cr + Na + k )] 

 i�U��M
 %2 %,�= �2  193� %92     -�9
� #�9
�F f9Ug ��9
> 
��= 1	�.�!.��	E��	 ��Q �@ �1000  %,(� ���9�
   ���9�
6��.  
 (��@(���3��2 -��
�
�= -  ���93� R���( ]22[  ) �9� 15 
A-( -�
� Z���  �9!.��	E %��3� (��U=  ;�9� -�9@  (� �9@

 ���Q950  �=1000  %,(�

  f�'
 
S���
� �2 %. ���2
�(�� 
��@�3@ .�!.��	E    %9. �9��� �9
�, #CM�� G
�3� �@

 (� ��	
 �"�D��6" <	2 �
�, #CM�� �@  %9[���Y ��(�� -�=
�F ����M
 �		&=� 6"D�� �= 6"D���"I	�
 � 6"D��= ��9�	(�� 

1��
 (���3� -�( (�

 �=����.  �	@ 
3	��= #�
 fUg
%')��!.��	E��	�. �� -�  �� �=K�92 -�
� (� �@1000   (��95

3����� �2 %. ���	�
��@�3@ f�'
 
S���
� -�@  ����


@��.     (� 
3	9��= (���93� -�9'8 %. 6�� �.� %2 ��K

 6"�r�50± 

 %,(����2.  
�!.��	E��	�. � �@�C.�"DCE      
9j�8 f93� � �9
� %92 �9@

  � ���99!	� |�992�
99

   995�� ��
�99
�= �99����=9���99� 4 .
699!"�.��F  (�99�U= -�99
� %99&��'
 �(�99
 �C.�99"DCE -�99@

=9��9	939Q 
 999 ���950  9=9 �1000 ,(� 999 9� �( %9 ���


�@�� )�� 15 A-(.   ���� %92 %9,�= �2  #��9, -�9@ )3 (

      ���99Q %9��3� (� �	=�9
(�� ��99=(�� ��9,� �92 
9�U
5 % (�
%��3� -�
� �  �@  69�� %92   
3	9��= ��( �� ��9
> ]32[ 

�!.��	E��	�. �2 
��@�3@ (� �@�C.�"DCE (��U= Z���  �9@


����2 .12�5 �.�     �9��
� 
3	9��= (���93� %9. 6�� 
S

 -�'850±  �(�� %,(� .  

  
 B<�5 :(A !���@ 
��� B�<-! � �"��*�� �� ;��L��( 	( ������! � �"��*]22[ (B �(��.� ��  	( ����j���� 
������!]32[  �_��.�  �_�

 a�!"N�( k�Al ��� ��950  �!1000 ����)�(�E ��(. 
  

5���� �.��  

��, (� 6"��. 
"�	3	� N	.�=# )4 ( R��� �228 
	!.�6�� ��� %U��M
 #�
�F (� �s .��.6"  -�@
�(�2
 2 %)'�
 ��� ���( R��� ]14[ � � 6	���2�"� Z��

��6 )��16 .(Mg# ��.6"  -�@�(�2
  ���51 % �=53 %

 �Fe# �> �@46 % �=49 %6�� .6"��. �"� 
������ �� �@
 #�
�=�(�	@��.
  %	��� �"(�> -�@�6�� ��� ��S" . Z��

��.6"  �� 1j�Q -�@ 
�������.�!.��	E��	  �� �JG�
 �@
 N	.�=�.�!.��	E��	  � ����. ������ #�	� 6	@�
 � �@

6�� ����. ������ (��F � -�
� .  

  
 <� B6.   �(��.� ?!Q� 5���� 
�����-  X���!���5�  
�������  ���������� ;���� ��� �]14[.  

87  



��������	 ���� 
�� ��� �
������ �����17 )��� ��! " ��#� 1394(    

 

   

 �����)� 
��� ���@!n�� ��	( ;��L��( �� �?A�� 
 

5����  

6"��.
"�� 
j�8 6��Q �� �j(� �	��= �2 
������ 
"K�2 
6"��. 

 ���2. 
������ �"� %2  19	��   ��9r� �9��-   ��9"

H+ (� ���!� O	�	�E��E (��5  

 ��	� .   
"�93��
 #�	9�
�h 
Mg� Fe � Al  N���
 -�
� (� (� ;�� �@-  �9"(�> 

N,�
 1	��= 6"��. 

  
�s"� �"� �� ����

 ���=  -��2
�		&= -�
� 1	��= ��.6"  -�9
� %U��M
 %S	�� (� � �@ 


������ ���?��� ;�� ��.. (� ��.6" � �@6U! AlVI %2 

AlIV  <"�IF� �2 �  �	u&= �
� <@�.

 �.� ]15[ .�2 %,�= 

%2 |�U=(� 2\�5AlIV  �  1	��= -�
���.6"  �9@  9

  ���9= 


S���
� �( �2 �E%" �(�?�AlIV  N9	.�= (� ��,�
  69"��. 

��S�� ��� .  
S�9��
� -��92  %9�Q�
  1	�9�= ��. 69"  �9@  ��

 t���
�%w�(�  ��� �� ]7[%���&
 �2 � 
'8 "� ��� ���?��� �
6��  

T °C = -61.9229 + 321.9772(ALIV)+ 25 

#�
 �"� �2 �
S���
� -�
� 1	��= 6"��. (� %��3� �@ -
O	����� %)'�
  ���Q (�40  �=95  %,(�����
  ����

6��.  
%�j�F�2   
��9. ��Cpx       ��9� (��9)
 �92 
��9���� #�9Q (�

�
   ��9� (��9)
 �� � ���IF� 1	��= #�Q (� 6"��. (� P"I	
 %���. �> �@>

 ��� )�� 17 A- .(P@ �	9�Y    %9Y �9@

%�j�F  
��.�� %	��Q ��cpx   � �9�3. 1	��= -�
� ���3.
P@ -�
�<	2 
��!2-�=    
9
 ��9"� |�9)� �"� (� ��9�  �

���Q (� 
������ -�
�°C40 �=°C 51  ���� �(

  �9@� .
<	2 �2 �
�  ��9���� %	9��Q �� %�j�F ��� �=  
��9.cpx  �

2�
�� 
�������
� � ���2 %	��� 
°C 60  �=°C 95  ���� �(


 @�� )�� 17 B-( .  

  
<� B7.  (A   �(��.� ?!Q� �"	  ��O " Q�N��� �(�?� �b� 	( k�?� ����.�� X���! 
���5���� 
��  ��B ( �(��.�

 ?!Q� �"	 �!�(�0 k�?� 
���5���� 
�� ��  

���K� 
��)  

 fUg�(�2
   92 ���9E���	
 � #���
 -�@ �   
��9. %9� -�(
 Pr
;�� �@ - �@(�9��
     1
�9� %9&��'
 �(�9
 
�����92 -

)"�	���� !.��	E�� �@�C.�"DCE (

  %9. 6F�� %S	�� ���=
4"�� �"�	��
��. ��"� �� �=    ��9� (��9)
 � ��9� (��U�
 �@

�"�	�� P"I	�
<	2 
3. �@�= ��j��X
    -I9.�
 <9X2 (�
�"�99	��
99
 �99@�99��2 . �99@�C.�"DCE99!�.P	 (��  (� � ���992
����M
6�� ��"��� 45�� 6"(����2K - .  O9" �@�C.�"DCE

  ��99�� ;99�	��� � %�99��� (�99�U= � f99"�?= �� -��99� �99��(
993�
  (�99�U= � �99�@�P99@ ��99
�   �992 
��99!�" -�99@�
� (�

E�!.��	  �@%���� ��� .E�!.��	  ��M� �� �@��.
   � 
9����
���	= 6"D��  Z�� �� � ���2 ��!�" 
�	��D (��

   %9. ����2


5�2 -�3��
 -�
� ��F( K�2 (��U= %,(� <"�IF� �2  �( ��9��

 ��"�3�

     m	9M
 (� (�9�F ��9� %�����2 ������ � �����

)
��. (

���2 .���	=     �(�9
 -�93��
 ���92 (��92> � (��
 �	"�E �s	!.� %�	����F � %&��'
�
�s"     P9. �I9X
 -�9@

 ���� �( f3�

 �@� %.  (���(�F �@��	
 -  <	92 �(�5  �9=
 ��"�

 ���� .  (�9�U= 
�� 6�� �����> Z�� �� ���
 -�3��


 1�� ��8=  ��&9j � 
"�3��
 
�
��= �	� (� 6	���
����	
 6F�2 �2 O"�	F(�E��
��� (� W5�= ������ <9X2  �9@  P9. -



 f3�     
9
 (�9�U= -��92 %9�Q�
 �� -�9"�� � ���2  �9��2
���	= � �����> ���8 �2 
"�3��
 N	.�= �	�Y(�� ��9Q � -

 �"�	��

     fg�9�
 (� 69	����� 1�	L9�� +�� ��� �2 ����=
�F %2 %�!2�� ���2 mU=�
 <��(�. 1�� �   �92 �93��
 �"� -�	

       ���99Q -�9
� (� �9!.��	E��	�. 
��9. 
3	9� %92 %9,�=
1000 ��F � ( ���Q5 �	. ��2 ()    ��9,� �� 
9��� (�9�F P.

	!
 �
�U5 (6�� ���2 .�!.��	E��	�.   9&��'
 �(�9
 -�9@ %
     
"�93��
 R�95 69�E (� ��(�9F 
�	����= m	M
 ������



 ���2 .6"��. 
�(�2   �� 
��9���� ��	9�����> ������ �@
%�Q�
 � �� ��3. -�
� �2 ���2� -100   -�9
� AL� � %,(�
 ���Q50  
��� 6	�( %�Q�
 -�"�� %. %,(�

 ���2.  

88  



��������	 ���� 
�� ��� �
������ �����17 )��� ��! " ��#� 1394(    

 

   

g���� 

]1[ ���"���  Z)1376 ( %5(� �(�I�
�	� ���� 
1:100000 
�� ��
��� �


�	� ���� ����"� 
��&
 i�F���.� � 


 ���r=  
]2[ (�X�F� ���s�  p)1359 (O	�?= <X2 -�@ W��X
 ���"� �� 

�:� 4H� 
��3�8�� (� |�U=(� �2  %H�Q �@-  �
2��(
�3S�� %"���  �(�3� �6?�82�  �19- 23  

]3[ P	Q(����. �2�2 �
��8.>� .( )1366 ( %�)� �(�I����(�rY 
1:250000 1	2�(�. ��
��� �
�	� �������r= ����"� 
  

]4[ 

����U
 �� )1390 (�2( �-D�����E �
F������E 
�
6����2 I�D���E �
3	��wD 

�� �����r� +��, -�@ 

)1	2�(� �����( .��"�E %
��
����(�.��(��  �������I"�U= �
48-92 �.  

[5] Berberian, M (1983) Generalized tectonic map 

of Iran. In: Berberian, M., (Ed.), Continental 
Deformation in the Iranian Plateau, Geological 
Survey of Iran, Report No. 52. 

[6] Best, M. G (2003) Igneous and metamorphic 

petrology. Blackwell Publishing, Oxford. 
Bozorgnia, F (1966) Qom Formation 
stratigraphy of the central basin of Iran and its 
intercontinental position. Bulletin of Iran 

Petroleum Institute 24: 69-75.    
[7] Cathlineau M (1988) Cation site occupancy in 

chlorite and illite as a function of temperature, 
Clay mineral, 23:471 – 485pp. 

[8] Coltorti, M., Bonadiman, C., Faccini, B., 
Gregoire, M. O., Reilly, S. Y., and Powell, W 
(2007) Amphiboles from suprasubduction and 
intraplate lithospheric mantle., Lithos 99: 68-84 

[9] Cornelis, K., and Cornelius, S. H (1985) Manual 
of mineralogy, John Wiley and Sons, 681 p. 

[10] Deer W.A., Howie R.A., Zussman J (1992) 
An Introduction to the rock-forming minerals, 

Longman, .528.  
[11] Gill, R (2010) Igneous rocks and processes: 

Basalts and related rocks .In: Eruptive 
processes and volcanic forms.  (Ed. Gill, R.) 
40-86pp. Wiley and Blackwell, London 

[12] Golonka, J (2002) Plate tectonic evolution of 
the southern margin of Eurasia in the 
Mesozoic and Cenozoic,Institute of 

Geological Sciences, Jagiellonian, 17: 30-63 
Cracow, Poland. 

[13] Grange, M., Scharer, U., Cornen, G. and 
Girardeau, J (2008) First alkaline magmatism 

during Iberia Newfoundland rifting. Journal of 
Asian Earth Sciences. 20: 494-503. 

[14] Hey, M. H (1954) A new review of the 
chlorites, Mineralogical magazine 30: 277-

292. 
[15] Jahern J.S., Aaggarad P (1989) Compositional 

variations in digenetic chlorites and illites, and 
relationships with formation-water chemistry, 

Clay Mineral, 24: 157-170. 

[16] Kazmin, V. G. and Tikhonova, N. F (2005) 
Cretaceous-Paleocene Back-arc basin in the 
Iran- Afghanestan-Pamirs Segment of the 
Eurasian active margin. doklady Earth 
Sciences,  422: 1018- 1020 

[17] Khalili, E (1993) Petrology of igneous rocks. 
written document, acrylic Wells, M. K. Wells, 
in January 1891,the thirteenth edition, 

translated by the guidance of Professor 
Khalili, Mashhad University, published in 
Persian date Bahman 1358. 

[18] Kretz, R (1983) Symbols for rocks-forming 

minerals. American Mineralogist, 68: 227-279 

  
[19] Lascarev, v .d (1982) Track tectonics ocean in 

the south Caspian, Earth Sciences Journal, 
12:137-142pp 

[20] Lebass, N. J (1962) The role of aluminous in 
igneous clinopyroxenes & plagioclase with 
relation to their parentage. American Journal 

of earth Science, 260: 267 – 88. 
[21] Leterrier, J., Maury, R. C., Thonon, P., Girard, 

D. and Marchal, M (1982) Clinopyroxene 
composition as a method of identification of 

the magmatic affinities of paleo-volcanic 
series. Earth and Planetary Science. Letters, 
59: 139 – 154. 

[22] Lindsley D.H., Andersen D.J (1983) A two 
pyroxene thermometer. Proceedings of the 
thirteenth Lunar and Planetary Science 
Conference, Part 2, Journal .mini Geophysics. 
Supplement,88: 887-906 

[23] Liu, T. C., Chen, B. R. and Chen, C. H (2000) 
Melting experiment of a Wannienta basalt in 
the Kuanyinshan area, northern Taiwan. 
Journal of Asian Earth Sciences 18: 519-

531pp. 
[24] Marcelot G., Maury R.C., Lefevre C (1983) 

Mineralogy of Erromango lava New Hebrides, 

Evidence of an early stage of fractionation in 
island arc basalts, Lithos 16: 135 – 151pp. 

[25] Middlemost. E (1936) Magmas and magmatic 
rooks an introduction to igneous petrology. 
Ed2 edition, 194-290pp, ISBN 964-03-4033-
2. 

[26] Morinto, I., Acron, A (1988) Clinoperoxen in 
the alkaline basalt, Journal of Petrology, 
12:120 -125.pp. 

[27] Morse, S. A (1976) Alkali feldespars with 
water at 5kba pressure.  Journal of Petrology. 
11:221-223. 

[28] Nisbet E.G., Pearce J.A (1989) Clinopyroxene 
compositions in mafic lavas in different 
tectonic settings, Contrib. Mineral. Petrol, 
63:149- 160. 

[29] Pearce, J. A., Can, A (1984) Titanium 
substitution in biotite & clenoperoxen: an 
empirical model with applications to 
thermometry, O2 and H2O barometries, and 

89  



��������	 ���� 
�� ��� �
������ �����17 )��� ��! " ��#� 1394(    

 

   

consequences form biotite stability. Chemical 
Geology 108:133-162. 

[30] Ramos, V.A., and Kay, S. M (2006) Overview 
of the tectonic evolution of the southern 
Central Andes of Mendoza and Neuquén (35°-
39°S latitude).In: Kay, S.M. and Ramos,V.A. 
(Eds.):Evolution of an Andean margin: a 
tectonic and magmatic view from the Andes to 

the Neuquen basin (35°-39°S Lat).Geological 
Society of America, Special Paper, 85: 1-17. 

[31] Rollinson, H. R (1993) Using Geochemical 
Data: Evaluation, Presentation, and 

Interpretation. John Wiley and Sons, New 
York, 94:134-156 

[32] Seck, H. A (1972) The influence of pressure 
on the alkali feldspar solves from 
peraluminous and persilicic materials, 
Fortschritte der Mineralogy, vol. 49:31-49. 

[33] Taylor, W., Nimis. J (2000) Thermometry 
clenoperoxen in the Hawaii basalt, 

Mineralogy,21: 25-36.p 
[34] Wass, S. Y (1979) Multiple origins of 

clinopyroxenes in alkali basaltic rocks, Lithos, 
12:115-132p. 

[35] Zhu, Y. and Ogasawara, Y (2001) 
Clinopyroxene phenocryst from the 
Kokchetav Shoshoni tic volcanic rocks: 
Implications for the multi-stage magma 
processes. UHPM Workshop 2001 at Waseda 
University, 170-173. 

 

 
 
 
 
 
 
 
 

 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 

 
 
 
 

  

  

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

90  


