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Mg/(Mg+Fe2+)sqq/Zss�/Zss�/Zsq�/Z
Fe3/(Fe3+AlVI) Z/ZZ/ZZ/ZZ/Z

:3�D3 � S�&& r=��;���L ����.�# F�;�J"! �� �(4(	 1�0��5"	 1�01!��2 ��(	 ���)�	 �&�(.� 1�� Wo-En-Fs. �& �]�Z[.�r1�� 
�&�(.�Q_J.���; ��.)A �& �0]�Z[.�	K* +�	K* � B;�	 ×�	 -�%� &� ���; ��#�Y+0�.



�'�.0 ��:% �(#p)	��&� 1����R# -&��& �!�"# ���; � �!�"#�()2 �)/	 [��

B�'�2�( :�+���d! �)I& �I�"* ���^= �(�"	 �21X(dC�R	7 �d0�
��& ���; d0 ��+d��&��LB�� pd� �d2 ��(d	 �d!��2 +d":��  �&�dA 

)X�+4f.(X(C�R	7 ��& ��� �d2 �4(= �2 �0 1+d"2]ff[���d  ��
X(C�R	7 �d	 �&�dA p��); 1�0 +d��� )M,d#qSd�& .(Fd�;�=
X(C�R	7 �d�(.� �� �0 �d��("�:;7 �d!��2 ��(d	 1�d0 +d�&]ff[

)M,#q3(.
1E��FF�6E@ :dd! �)ddI& �ddI�"* ��dd�^= �(dd�"	 �dd2�+���1

L�0�K;(�NK����; ��& �d0 +�+d# �d!��2 �+d��&��LB�� pd� �d2
)X�+4�.(� �� ��5"	 1�0�K;(�NKL F�;�= ���+?	 �� �0��2-

�:��  �&�A ��=�(�7 �= ���(:�2 1+�&)M,#9.(

:3�GS�& (��� �&�(.�'�� � 1+"2X(C�R	7 1�&}  �0]��[3 �(��� �&�(.�'�� � 1+"2 X(C�R	7 1�&} �0]��[M,# M�	 �0��.� [.

B	*!HF�;�= ����.�# X(	�� �1��:D�! ���; �K;(�NKL �(4(	 ��J"!1�0 ��(	 !��2�.
��(.� ���.#T-18 T-18 T-42 T-42 
J"! O(�9/�	��@=�%���9/�	��@=�%���	����	����

M?	B����7&�������?&�������?&�������?&�������?
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TiO2Z/ZZ/ZZ/ZZ�/Z��/Z�/ZZq/Z�\/Z
Al2O3q�/�s��/����/��Z[/��\�/��\/���/[Z\[/��
Cr2O3Z/ZZ/ZZ/ZZ/Z[/Z��/Z[�/Z�s/Z
FeO ���/Z���/Z[s/�[/Z�\/[�s/�[��/ZZ�/�
MnO Z�/ZZ/ZZ[/ZZ/ZZ�/Z��/ZZ/ZZs/Z
MgO Z�/ZZ�/Z��/Z��/Z��/�s\�/��[s/Z[�/�
CaO \�/�[[s/�\�\/�[s\/�[s�/����/�sq�/�q��/��
Na2O�s/��/�\�/�q�/���/Z[\/�sq/�[s/�
K2OZ\/�[\/Z��/Z[�/ZZ�/Z��/Z��/�qq/Z
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Si \�/�q�/�[�[/�\�s/��Z�/��[�/�[q�/�q�[/�
Ti Z/ZZ/ZZ/ZZZZs/ZZ�Z/ZZZ�/ZZZ�/ZZZ\/Z
Al q�/�\q/�\�\/�qqZ/��q�/Zqqs/Zs�q/����/Z
Cr Z/ZZ/ZZ/ZZ/ZZ��/ZZZs/ZZ��/ZZZ\/Z
Fe ZZ�/ZZZ�/ZZ\�/ZZ��/Z�s�/ZZ�s/ZZ�q\/ZZ��/Z
Mn ZZZ[/ZZ/ZZZ�/ZZ/ZZZ[/ZZZq/ZZ/ZZZ�/Z
Mg ZZZs/ZZZs/ZZs�/ZZ��/Z���/���[/ZZ�q\/Z\�s/Z
Ca ss/Z�q�\/s��/Zss�/Z���/Z�s�/Z�Z�/Z�s�/Z
Na �s/Z�q��/�[�/Z���/ZZ�Z/Z��q/Z�q\/Z��q/Z
kZs/ZZ�/ZZ��/ZZ��/ZZZq/ZZZ�/ZZ�\/ZZ�s/Z

An ��/s�q�/���\/�[��/�qq��/�����/�s�ZZ/�s�\/�\
Ab \[/�s[�/�s�q/�q��/�[Z�\/�\q[/��s�/�\�q/��
Or ��/s��/����/�Z��/�q�s/Z�[[/Z��s/�sZ\/�

NiO Z/ZZ/ZZ/ZZ/ZZq/ZZ�/ZZ/ZZ/Z
Ni Z/ZZ/ZZ/ZZ/ZZZ�/ZZZZ�/ZZ/ZZ/Z
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vu/9m mf/{9 vi/{i 8f/9h km/{9 kf/9{ im/{i fm/{8 8h/9h SiO2

mh8/hh8m/hmvv/hh9v/hh8v/h9vm/h8f{/hh{k/hh9m/hTiO2

m8/f9 uf/m{ {u/mh 9{/f8 iu/f{ {u/f8 {m/fi 9{/89{/ff Al2O3

8v/{fk/ii{/i9f/i9{/9u/fh mf/vk/vi8/9Fe2O3

huf/hfh{/h8uu/hfum/hhi{/hfkm/hf9f/hfuf/hhvu/hMnO 
mf/vuf/k9{/u{f/fm vi/if9/kmu/k9m/8f v9/vMgO 
8m/fm k/ff kf/88h/fh i9/f9 89/ii/iif/m{{/fk CaO 
99/fhu/f9m/8uv/hiv/hmu/8u9/mhf/hui/hNa2O

m9/hhk/h{/hmm/hhf/hv8/h8k/hhm/hhm/hK2O

hmm/hhhk/hhmv/hhh{/hhff/hhku/hhmv/hhhm/hhhi/hP2O5

8u/8vv/f{{/98/88f/u{m/f{f/{mu/i9/{LOI 
9i/vv k9/vv 9/vv kf/vv m/vv um/vv 98/vv f/vv 9f/vv Total 
fk/hh9k/hff/hmu/hhff/hmi/hf8/hmhm9/hK2O/Na2O

{k 8kkfmff8h{98kf8Ba 
8{{ 8fi {uk vku mvmv mm{ m8h 9f{k{ Sr 
mh8 iiihmmv fkm 98kimhif m{v Ni 
u{h ffuf9v u989mmifk mvk Cr 
v9 9ffuv uv9im{i fuu khivV

{m m8ik{mm{fhu ifmi{8Ce 
8i mm8mmf{ffmmm{La 
kf {kf{i fm{ 88{ kk98mffuv Zr 
i9f9mffmu{fY

f{ fufif89mhfufhf8Rb 
{8kf8mff9Co 
mu{mffh88mU

mfvufm8f98Th 
fh f9fkfffmf9f9ifhGa 
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��
�1��
�N&�1�&��(��0+Y&� M	�# �; �1��%R%=7 �&� �*(./	 �d�p-
�01�?RI &1� ��0��21|�2 �(5! ���(	(; ����01�	��� p

�	&�:��&��| p�& �1�L �d�=�+���d01�d2 dA��d	 �� ��d!& �+d�
�+��&��210�R	 �:�N <�,���� ����N&� p1dI(= �R��d!& .

!��2��01�(	(; �()C= +������ �0 J"d! ��d$�1J"d! �d01
-7 �2 �:�2&� 	 -�%� �0�U��R= �; +0��0��	�& -����(���d01

,%=��4 �� �+# M���$�01S):�	 d	���:D�d!���&� �(d4� .
&�� �� x��01#(VN �.����FC! L�&+�b�d0�&�(.� 1�d.:	 �B

�+"";1	���:D�!�d� �� �; �+# J"d! -�&� �C� �d01�d2 

��$:!�D ?	 �2 '()^	�� �_�01	���:D�!����R:d!& ���%	 
	�+�(# ]f9[.

��&� ]�!& �2 �; �=(C,"* 1�0�&�(.� �� 1�0]fk[�C�d� 
�:#(  �21����& ��/"�2 �+# +�&)M,#v(�dI�"* � +d# ��=

HFSE )(Ti,Nb �ddI�"* �& � +dd# �dd"a �(K,Rb) LILE 
�	 �+�� ��"�.0 ��(# �"a �& � +#LILE �	 Md��� �2 +�&(=

 ���A �:!(L �2 �. �	 �$:%a7 � �+������ �?RI ���D� +#�2 1&.
J"! ��"�.0 �d��� 1�I�"* �& � +# �"a ��5"	 1�0 K �

U+��&� ]fu�fi.[��� �2 ]fu�fv[�21��/"0 �R"	Ti-Nb  
�� J"!1�0 ���. �	 ��2�$� M�,%= ��& J"d! �d0 �� _�d?	 



�'�.0 ��:% �(#p)	��&� 1����R# -&��& �!�"# ���; � �!�"#�()2 �)/	 [[�

&����b��!& ���"�.0]mh[�2 ��& �2 �d2 �d; +��� 1��d/"0
 �C�	Rb �K_�?	 �$��%� B�� +":�d0 b�&���� 1�0)M,d#

v(.

��<��!�1�9�S�
�
1�0�&�(.�&+4 �+""; 1��$��4 1�0	���:D�!�]�d!& �2 �; �

� x�� �. �	 ����.�#(VN 1�0 �d	 <�d!�= �d0 (d#�+]mf�mm[
��$��4 ���^= 1&�2	���:D�!���(= �G7 1�0����� ��3(d"4 

-�5)! 6�# �d:��  �&�dA ���R:d!& ��(d	 �&�BCd! ��27&+d� .pd�
�	+�	 �!��2 ��I(�d�	 � �)dI& �dI�"* ��)a �& �= Ti, Nb, 

Rb �Kj�=�. �	 S�W�(= <��:���(= �01pd��(=()L 3(d"4
 -�5)! 6�# J"d! �d2 �2�%d	 &� �&�BCd! ��d27 ](dA 1�d0 1�d0

�%R%=7���2&��:�2&���� �Y b� ��d#1�d!& ���d; ���dA ..�d	&
 <��=�. �	 ����.�#(VN B��.=�:�2&� �2�%R%=7 ](A� �� �D�2

X��	 �K	�d; �%�.0 �!& �,.	 ��(D�2 �& yL <��=�. �	 1�0

 +#�C� �#��]m8[.��&� �& ����dI �d & X�d�	 1&�d2 B���d�7 1�d0
 �)dddI& �dddI�"* K2O-SiO2,FeO/(FeO+MgO)-SiO2

�Al2O3-SiO2�3�d�.; �dI�"*Nb-Y <d�N� ��d�^= 1&�d2 
	���:D�!���(# ���R:!& 1G(dR� 1G(dR� �& ��dQ�7 1�d0 1�d0

&���� �Y b���#1���A 1�d! �& �� �d0 �;���+�7 X�^� 1& 1�d0
,07�r)A����� +# �"a LILE �+":�0 ���%d= Md2�A �d�a

�(2 +"0&(D]mf .[ <�N� �� ��& p�,R= 1&�2 &}�	���:D�!��&
�&�(.� &+4 �%�Ti �2 �C�� V]�q[)M,#fhS�&(��&�(d.�
&+4�%�MnO-TiO2-P2O5&�2 1�d0 J"! 1�d	 �d�p]m9[

d	 �+0�%d	 � �+# ���R:!&��d�(.� �d; �(d# �� �d0 ��:�d 1
��&��2�01��%R%=7 ](A ��d:��  �&�dA +d�&)M,d#fh3(��d	& 

�	 ���:�& &� �2 ���(D�2 �2 -�	B.0 <��=�. �	 p� ��� �d"	 �& 1&
F�;�=�01-($27�:!(L +#�2 �&�.0 1&.

:3�T�=(C,"* �&�(.���/"�2J"! 1&�2 �+# ��5"	 1�01��(	 !��2��:#(  �2 �C�� 1��& ��]fk[�

:3�;US�&r�&�(.� Ti �2 �C�� V]m{ [&�21�%= ��4 ��,%= ��$�J"! M�d01��	 d�3 � �d�5"	 pr�(d.� �&&+d4��MnO-TiO2-P2O5

�0 J"!1��	 �p]m9[.



+)4 ������.# ��-�:�2�=�[�[ ���; �.�#� �0 J"!��(= �!�"#�*(./	 ����2�  1�0. . .[[[

�1�9���V��
%�)� �
%��S�
 B�����$��@���9/�	��
��7#�� ��%�� 
%���

�(:dd!|���ddd =�:�dd�&��ddd dd!����)���dd! (�dd* �Ldd����
);�L("���;���0+":�0)X�+4f.(

�&+�	 Fe3+L �����;�� $:�2 �0�	 �d2 d��d;& -&B��� -x
?	�,%= _�-7 M0� ��&� ��� �&1H= �&�(d.� d�� U&�Na+AlIV 

�2 �C�� AlVl+2Ti+Cr)M,#ffS�&(��& Md2�A d��d2��d!& 
]�s���[.H= �&�(dddd.� �� dddd��U&� Na+AlIV �dddd2 �C�dddd� 

AlVl+2Ti+Cr dd5D��& �dd; �dd��&(	 t�dd��1Na+AlIV�dd2 
AlVl+2Ti+Cr	���}  ��^	 �0=Fe3+�(2 +0&(D .�&�dA &}�-

 ��1��(.� |�2 �01_D�+# ��.�%� ��1-�(d2 |�2 � � +d�B�
�;&��&�A � -x ��1-7� �� �0 d� ���%d� _dD �1�dL ��-�(d2 �
� � +�B��d;& �d?	 �� -x�,%d= _�-7 M�d!�0 ]mu.[�d�;&

��(.� �� �0��:� 1���_D0=Fe3+�d:��  �&�dA&+d��&�d2 �1
^=���! �1�. �	 ���d0 �&�(d.� �& 1]mi���[�+d# ���R:d!& 

L �!&���;���01��5"	 2���:�  �� �:%1)A �# ������p
��(.�1,07 �r)Ad����)�� �d2 d� ��d!� � M�(d	 �&�dA� �+d�� 

)M,#��� �3 .(
2�(�B�'�
:	 ��(	 ���-&B� � +�B��;& �,%= -�	� �� -x�M
R	7�X(ddC �dd0]8h [ M,dd#ff)U((	dd�+|�dd2 -�(dd2 C�dd��
� � +�B��;&�-x��-�	� �()C= R	7�X(C �!&.

�1�9��
����$��@���9/�	� 
&�21/"!�	� �); pd= z�� �& �L("�� ��d;���+d" )d!�]8f[

+# ���R:!& .& �2�/"!�	� �]�!& ��J"! �01��(d	 d!��2�
	 -�%���	� �; +0�1� �� �()C= O��# ��2 ��+Y �� �0�ZZZ 

�=�[\Z�4�� 1:��!��!& �&� )M,#fmS�&.(

�1�9��
%�)��$��@���9/�	� 
�(=�	(�7 @�"�^A(	 �� <���01);�L("���;���01�4���o ��

�4� �%0��^	�C!�"	 ���&�2 1	 ���7�2 ��d2 <;�dY ��%� -&B
?	�,%= _�J"! M�01�G7 �L ����;���&��+][�.[

�&�(dd.�M,dd# )��3(-�%dd� dd	�+dd0� �dd; ���+dd?	 ��
);�L("���;���01�2�L ��%���	 �&�A �� �+��); ��%� �& �d:.
�Z;���2() (]88�8{[.

:3�CC^= S�& ���! �1�. �	 ���&�(.� �& ���R:!& �2 Al2O3�2 �C�� SiO2.]��[3 �r^A(	 �L ����;���01J"! �� �(4(	 �d01�d�5"	 1
!��2 ��(	��� �2 1H= �&�(.� ��U&�AlIV+Na �2 �C��] AlVI+2Ti+Cr �s���[��r�&�(.� Ti-Ca+Na.]��[Ur^= �&�(.� �d� �� � +d�B�

�;&��L �2 -x��1;�= �R	7 F�X(C �0][Z[M,# M�	 �0��.� �[.



�'�.0 ��:% �(#p)	��&� 1����R# -&��& �!�"# ���; � �!�"#�()2 �)/	 [[q

 

:3�CAS�&r�	� 1,%= �L M���;�� �& ���R:!& �2 �0~"!�	�L���;��][�[3���:� 1&�2 ��%� 1);�L("���;���01��5"	 ][[[M�	 �0��.� 
M,#[.

=����� 
��(= �01G(R� 1��(	 d!��2�A�d# 3(d"4 �� ��-�5)d! ��d27

 &� �&�BC! �& � �+# @A��� ��= �<+"21	���:D�d!�%d�2��&
��5"	1�&��(�:��&�BC! �d!& J"d! �& �d; ��d01�(=()L d�p

�	 S):�	 � +"� �d  � ��2���2��(d�,%d= ��& �d!& �+d# Md��
J"dd!dd#(VN �dd�� �& �dd0�.��dd! 1W�(dd= �:��	(�7�dd:	���dd= 
	(�7�L��+�& .& &}����(= ��01�G7 ����� ��	� ��� �& ��:D�!�

��&��2 �2�01��%R%=7 ](A ����5"	1��(D�2 )(CAB Md2�A 
��	��!& �� .&�J"! ��2 �d0 d� �(d)C= MdI�Y +(dY pd� ����

%%;���.; �%L �+"#�2 ](��d�A& Sd; z�:�  �2 �/"	 �;
 j -7 -+# �:�2 yQ! � �A���+d#�2 b�&���d� .�d0�&�(.�1

&+4�+"";1?	�_	���:D�!��.���?	 �$��d5��d2 �:�d2&� 
#�Y �� � b�&��������dA X�^� �&1�d!& .J"d! �d01�G7 d��

�������(	 !��2��I�"* �& HFSE �= ��dI�"* �C�� � ��(2 
Nb/Y -7 �� �L �0���!& �.);�L("���;�� �d01�&�d�;& �d�5"	 

����:�  �C#)A��������(.� p)A����)�d2 ��d!� � �d)*�(
	 �&�A� �+�� .�	�1� �� �()C= O��# ��2 ��+Y �� �0�ZZZ �d= 
�[\Z�4�� 1�!:���!& �&�  .

����%*X 
���.d# �2 �%0�xL ��j MI�Y �e�Y ����	fvfvk/83(�d	 

fm/u/f8vh �	 �.Y �& �)�!("�+2 �; +#�2��%0�xL ����^	 �
�	 ��&��+A +�%	 �!���� ��$%�&����  ."�.0 �� �d!& '�|

 p.; �& �= '�d/�& X(dj �� �.:d!� �dC:/	 ]+"�	 1�A7 1�0
���  �,%= U����?= ��&.

Y!��� 
]f[	�;& �'.��,�* 1O.�"�%�� d	� 1��d!�"#�fhhhhh/f

-�5)! �&�BC! ��27"& �	� -�	��! U&��%:���!�"#��%:;& �U�d�
�+^	��(%; )f8uv.(

[2] Takin M., "Iranian geology and continental 
drift in the Middle Eeast, London, nature", No.239 
(1972) PP.147-150. 
[3] Stokline J., “Possible ancient continental 
margins in Iran. In: Burke, C.A., Drake, 
C.L.(Eds.), The Geologe of continental margins, 
Springer”, New York (1974) PP.873-887 . 

]{[��27��d�1'.�"N(d���:L1dd�&� ��:L ���(dd � � �d*(./	 �
-�5)!��27"�L �!�"#��; �	�� -��2�= ��$%d�&� �+#�& d�<d)^	 �

)f8im.(
]9[.0�& ��.�"#(VN�.�����N(���:L1�&��(���d01�d�5"	 

�/a�2 )�&�BC!("��L�!�"#��; �	�� -���+#�& :^"dI ��$%d�&� �
���0�#)f8uk.(

[6] Gahzi A. M., Latour T., Hassanipak A A., 
Wallace  K.,"Geochemistry, petrology and geology 
of sabzevar ophiolite, northeastern 
Iran:implication on Tethyan tectonics", Abstracts 
with programs-Geological Society of America 29 
(1997) A-229. 



+)4 ������.# ��-�:�2�=�[�[ ���; �.�#� �0 J"!��(= �!�"#�*(./	 ����2�  1�0. . .[[\

[7] Condie K. C., "Plate tectonics and crustal 
evolution", Butterworth-heinemann Ltd, Oxford 
(1997). 
[8] Koepke j., Berndt j., Feig S. T., Holtz F., "The 

formation of SiO2-rich melts Within the deep 
Oceanic crust by hydrous partial melting of 
gabbros", Contrib.Mineral Petrol 153 (2007):67-
84, DOI. 
[9] Coleman R., G.Peterman Z. E., "Oceanic 
plagiogranite", Journal of Geophisical Research 80 
(1975) 1099 -1108p. 
[10] Moromito N., Fabrices J., Ferguson A. K., 
Ginzburg I. V., Ross M., Seifer F. A., Zussman J., 
Akoi K and Gottardi G., "Nomenclature of 
pyroxenes. M ineralogical Magzine", No.52 (1988) 
pp.535-550. 
[11] Leak B. E., Woolley A. R., Birch W. C., 
Gilbert M. C., Grice J. D., Hawthone F. C., Kato 
A., Kisch H. J., Krivovicher V. G., Linthout K., 
Laird J and Mandarino J., "Nomenclature of 
amphiboles: Report of the subcommittee on 
amphiboles of the International Mineralogical 
Association Commission on new mineral and 
mineral names. Mineralogical Magazine",No.61 
(1997), PP.295-321. 
 [12] Middlemost E.A.K., "Magma and magmatic 
rocks , an introduction to igneous petrology"
Longman London (1985).p 266 
[13] Irvin, T. N., Bargar,W.R.A.," A guide to 
chemical classification of comnonvolcanic rocks"
Canadian Journal of earth sciences (1971) 523-547 
p.
[14] Harker., A " The natural history of igeneous 
rock Methuen,London" (1909). 

]f9[+!&1F5A ��271'.�"N(d���:L1d#(VN ��.���d��:L�M
�+^	��&��(���01�d�5"	 �(d; ��d!)�.d#�;("��Ld�-��d	�� 

!�"#��;��+#�& ��$%�&� !�����+�%	)f8vh(.
[16] Sun s. s., McDonough W.f.," chemical and 
isotopic systematic of oceanic basalts:implications 
for processes.In:Magmatism in the ocean 
basins",Geol.soc.London specpulb 42 
(1989).pp.313-345. 
[17] Wilson M., "Igneous petrogenesis: a global 
tectonic approach". Unwin Hyman, London, 
(1989). 466P. 

fir�7�����.�(CI �1�.	 ���d^�' (d4.0�Qd! ��O.�"J"d!-
d!�"#��d#(VN�.��&�  �V(: d�+�d01��(d= U&�;(d�(�(0 �d01

�&� �V(:�+1+�(�& )-&+.0"(�()2 �)/	 �!�"#���;d��d!�"#�
&��-&�)f8vh(� �f8{rf8f.

[19] Chappell B.W., White A.J.R., "I- and S-type 
granites in the Lachlan Fold Belt", Transactions of 
the Royal Society Edinburgh Earth Sciences. 
83(1992a) 1–26. 
[20] Bowden R. A., Bathlor B.W., Chappell,Dier, 
& j., lameyre.,"petrological,geochemical and 
source criteria for the classification of granitic 
rocks:and iscussion,", physics of the earth 
planetary (1984) Interiors,35,1-11 
[21] Pearce j.A., Harris B. W. H., Tindie A. G.,
"Trace element discrimination diagrams for the 
tectonic interpretation of granitic rocks",
J.petrology, vol.25, (1984) pp.956-983. 
 [22] Pearce J., "Sources and settingof granitic 
rocks", Episodes, 19 (4) (1996) 120-125. 
 [23] Harris N.B.W., Inger R, XU., "Cretaceous 
plutonism in central Tibet:an example of post 
collision magmatism?"
j.volcanol.Geotherm.res.,vol44 (1990),pp. 21-32. 
[24] Shervais J. W., Ti-V plots and the 
petrogenesis of modern and opiolitic lavas”, Earth 
and planetary science Letter 59 (1982) 101-118. 
[25] Mullen E. D., "MnO/TiO2/P2O5: a minor 
element discriminant for basaltic rocks of 
oceanicenvironments and its implications for 
petrogenesis". Earth and Planetary Science Letters 
62, (1983) 53–62. 
[26] Bennce A E., Papike J.J., Ayuso., "Petrology of 
Atlantic island arcs. Bull. Volcanol". No.32, R.A 
(1975) PP.189-206. 
[27] Schweitzer E. L., papike J. J., bence., "statical 
analysis of clinopyroxenes from deep-sea basalts",
American Mineralogist. NO.64 (1979) PP.501-513. 
[28] LeBas N. J., "the role of aluminous in igneous 
clinopyroxenes with relation to their parentage"
Am.J.Sci. No.260 (1962) PP.267-288. 
[29] Leterrier J., Maury  R. c., Thonon P.,Girard 
D., Marchal M., "Clinopyroxene composition as a 
method of identification of the magmatic affinities 
of Paleo- volcanic series. "Earth Planet". Sci. Lett. 
No.59, (1982) PP.154-139. 



�'�.0 ��:% �(#p)	��&� 1����R# -&��& �!�"# ���; � �!�"#�()2 �)/	 [[s

 [30] Anderson J., L and Smite D R.,”The effect of 
temperature and fO2 on the Al-in-hornblande 
barometer. American Mineralogist”.No.80 
(1995),pp.549-559. 
[31] Lindsley D. H., "Pyroxene thermometry".
American Mineralogist, 68 (1983) 477-493. 
[32] Helz R. T., "Phase reaction of basalts in their 
melting range at P H2O=5Kb.Part II. M 
eltcomposition.J.Petro", No.17 (1973) PP. 139-
193.

[33] Faruk., Aydini., orhan., karsli, M. Burhan 
Sadiklar., "Compositional Variations, Zoning 
Types and Petrogenetic Implications of Low-
pressure Clinopyroxenes in the Neogene Alkaline 
Volcanic Rocks of Northeastern Turkey, Turkish 
Journal of Earth Sciences (Turkish J. Earth Sci.)", 
Vol. 18,( 2009), pp. 163–186.  
[34] Kretz  R.," Symbols for rock forming mineral",
American Mineralogist (1983) 68 277-279. 

 


