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Abstract: Several igneous-evaporitic rocks complexes, belonging to Lower Cambrian, are 
exposed in High Zagros. These rocks exposed parallel to the Zagros main thrust as diapir-
shaped bodies. Basaltic rocks are the most common rocks but microgabbro, microdiorite, 
andesite and trachyte are the rocks of this complex. The studied clinopyroxenes are usually 
fresh mafic mineral in these rocks and display sector zoning features. On the base of 
mineralogy and mineral chemistry, the pyroxenes are in the range of titan-augite to diopside 
composition. The geochemical study of the clinopyroxene as well as the discrimination 
diagrams were used in this study, point to the transitional to alkaline nature of magmatism 
which occurredv in a within continental plate rift environment. 
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{{r/�q��/ssqu/q�r/{�s/�� �r/�q s{�/{{��/{�/uu �/�{ G-3-FMS3-4 
���/�q��/s{��/q�s�/{��/�� q�/�u s�/{{{�/{�/uu sq/�{ G-3-FMS3-5 
�{�/�q�/s{{q/q���/{q�/�� �s/�u s{�/{{s�/uu ��/�{ G-3-FMS3-6 
{su/�{s�/s�{�/u�s�/{s�/�� {s/�u s/{{{q/{s/�{{ ^�/�
 G-3-FMS3-7 
{�u/�qr�/s���/q���/{su/�� u�/�u s�/{{�/uu ��/�{ G-3-FMS3-8 
r�s/{���/s��s/r���/{rr/�� s�/�{ s�s/{{{�/{�r/uu {s/�� G-3-FMS3-9 
s�q/�r�/��s/�� �u�/{s�/�s �r/�r �{�/{�rr/{�{{ s�/�u G-3-FMS3-10 
{�q/{��q/{qs/�� �{u/{{�/�� �s/�{ �q�/{{{�/{��/uu ��/�� G1-FibHM-1 
{��/{{��/�u�/�� �r�/�{�/u�/�� s�u/{{{r/{�/�{{ ��/�� G1-FibHM-2 
{{s/{���/���/�� �qq/{���s/�s ��r/{{{�/{�/�{{ r�/�� G1-FibHM-3 

o(0Y �����

Label Si Ti Al Fe Mn Mg Ca Na Sum 

1-4Cpx1-1 qr�/� {sq/{ �u�/{ ��q/{ {{�/{ rr�/{ qq�/{ {s�/{ {s�/�
1-4Cpx1-2 q��/� {��/{ �{�/{ ��r/{ {{�/{ rr�/{ qrr/{ {ss/{ {s�/�
1-4Cpx1-3 q�q/� {��/{ {��r ��s/{ {{�/{ r�/{ qrq/{ {s�/{ {��/�
1-4Cpx1-4 r��/� {r/� s�q/{ q��/{ {{s/{ �qu/{ qqq/{ {su/{ {�/�
1-4Cpx1-6 �r�/� �{�/{ ���/{ �ur/{ {{�/{ ���/{ qrs/{ {��/{ {��/�
1-4Cpx2-1 q�s/� {��/{ �u�/{ ���/{ {{�/{ r�/{ qrr/{ {s�/{ {��/�
1-4Cpx2-2 q��/� {�/{ �q/{ �rs/{ {{�/{ r��/{ qru/{ {s�/{ {sq/�
1-4Cpx2-3 qqu/� {�s/{ ���/{ �qs/{ {{�/{ r�/{ qrr/{ {s�/{ {sr/�
1-4Cpx2-4 u{�/� {su/{ ���/{ s{�/{ {{�/{ �uu/{ qqr/{ {s�/{ {��/�
1-6Cpx-1 u{�/� {sq/{ ��q/{ s{�/{ {{r/{ r/{ qq�/{ {�/{ {s/�
1-6Cpx-2 q�/� {��/{ �uu/{ �r�/{ {{�/{ rs�/{ qrs/{ {sq/{ {��/�
1-6Cpx-3 q�s/� {�s/{ �{r/{ ��s/{ {{�/{ r��/{ qru/{ {s�/{ {��/�
1-6Cpx-4 q��/� {�/{ �u�/{ �s/{ {{s/{ r�q/{ qq�/{ {ss/{ {��/�
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B�)8 0�'�" �
�5*�� :�� #" �"�#$ F#" ( �"�#$ ���@)e<(� ( t�R �,5� :�809#*(sqs

 +�.�. 4��F:
1-6Cpx-5 q��/� {��/{ ��s/{ �r�/{ {{�/{ r�u/{ q�/{ {s�/{ {sq/�
1-6Cpx-6 q�u/� {�r/{ ���/{ �r�/{ {{�/{ r��/{ q�u/{ {s�/{ {s�/�
1-6Cpx-8 q��/� {��/{ ��u/{ ��s/{ {{�/{ r��/{ q��/{ {ss/{ {ss/�
1-6Cpx-9 q��/� {�/{ �uu/{ �s�/{ {{�/{ rq�/{ qr�/{ {ss/{ {s�/�

1-6Cpx-10 q��/� {��/{ �{�/{ ��s/{ {{�/{ r�r/{ q�u/{ {s�/{ {�s/�
G-2FMS2-5 u��/� {�/{ �s�/{ ���/{ {{�/{ u��/{ rrr/{ {��/{ {��/�
G-2FMS2-6 qr�/� {s�/{ �r�/{ ��u/{ {{�/{ qqr/{ {rq/{ {��/{ {��/�
G-2FMS2-7 qq�/� {�u/{ ��s/{ �s�/{ {{�/{ quq/{ q{�/{ {��/{ {�r/�
G-3-FMS3-1 q��/� {s�/ �q/{ ��q/{ {{�/{ qrs/{ rq�/{ {��/{ {��/�
G-3-FMS3-2 qru/� {�u/{ ���/{ ���/{ {{�/{ qrq/{ rur/{ {��/{ {�s/�
G-3-FMS3-3 u{�/� {��/{ ��s/{ �r�/{ {{�/{ qq/{ r��/{ {�q/{ {�q/�
G-3-FMS3-4 u�r/� {�r/{ ��r/{ ��q/{ {{�/{ urs/{ rsq/{ {��/{ {�u/�
G-3-FMS3-5 qu�/� {��/{ �r�/{ ���/{ {{�/{ u��/{ �q�/{ {�r/{ {�s/�
G-3-FMS3-6 u��/� {��/{ ��r/{ ��/{ {{�/{ ur/{ rs�/{ {�q/{ {�/�
G-3-FMS3-7 u{r/� {�r/{ ��u/{ �sq/{ {{�/{ u��/{ r�u/{ {��/{ {��/�
G-3-FMS3-8 u��/� {��/{ ���/{ ��r/{ {{�/{ u�r/{ r�u/{ {s�/{ {�s/�
G-3-FMS3-9 u{q/� {��/{ {�s/{ �s�/{ {{�/{ u{�/{ ru�/{ {�s/{ {�q/�

G-3-FMS3-10 qrr/� {�s/{ �r�/{ ��/{ {{�/{ qr�/{ ru�/{ {��/{ {��/�
G1-FibHM-1 {{q/� {�r/{ {s/{ �{u/{ {�s/{ �qs/{ q��/{ {��/{ uu�/s
G1-FibHM-2 urq/� {��/{ {�r/{ �q/{ {sq/{ ��u/{ u��/{ {��/{ {�/�
G1-FibHM-3 u��/� {�q/{ {��/{ s�s/{ {��/{ ��s/{ u�r/{ {s�/{ {�/�

�&1&"()	 �&A�+��� �&�4+"|( Label 

��q/�s ���/�{ ���/s� G-1FMS1 

q��/�� ���/�{ q��/�� 1-4Cpx1-1 

#���KQ�)+�* �
�&5&$ w&@)A ��#�@()&-4#&1@ L�4�� ��
�� %
�;< :�� #" %
� :�5*�� �� +"�D �$)" ) ��&2 0��4A

��&��R0#$�2 .1@&-4#&%�@()�)+�(��� 
��@ %��� #" %
� ��
��")*� )2�)2��"� ��� �R :�4k �22:��+��'�2 '� :��&�

��'�48 %�@()&-4#&1@ :�8�412 0�� �0��� �4H� �*�'�48 '� �@
#&�' ��K��")*��+	)* ��)J �0$ 0�� .:�8B&���<)- B
��$'�� '� 

���� :�
��2 %
� %&&bA �� �< �,&��#
�4NM O&P� ( �5*�� L4� �:�
��0#@ .� ��
��45� �4HD %�8�b��G� ��4� :�8���45� :
��A&0#2 7:)2 ��+��'�2 K
�-A 0��� &A �2 F#" ��+&��@ ��+�
1@&-4#&%�@()]
�[��:)GJ Q)+�* )MORB (�+	)* ��)J -
�0�)E,$�.(���45� '�SiO2 / Al2O3]
�[:�)2 L4� %&&bA 

�"� �0$ ����+"� 7�&A�5*��)E,$�=c��.(��%
� ���45� 

��#Z�� ��d+�� �,�	��)+!&2 ��#�@()&-4#&1@ �
�&5&$ w&@)A 
7�&A�5*���
�&1J �5&� O&P� �2 `
�)* �2 �
�&1J�� ��!� �� -

0#8� .:�8 B&���< '� �G�� 0#Z O"4+� w&@)A�$'��)- B
� 
O&P� �+? )- �&1J�"� ���� ��!� �� .:�8 ���'�2�
�&1J �(�� 

�P�� :���� :�Na2O, (TiO2( |�2 SiO2%&N�- �"� ]
�[.
��45� 08�4$ %
� �2 �Y4A �2 ���45� �� %�@()&-4#&1@ :�8F1-

F2 ]
j[��Q)+�* WPA, VAB�� ��)J)&*�)2 ��4* �@ 0
�2 �
�5*�� �4Y(�
�&1J �)A �$)")�
�&1J =����+�� (:�)2

 ��G#� %
� :�� #"�"�)E,$�=e.(
E&����45� %+	)* ��)J Q)+�* �� �"�)2 ��4� :�8
MORB �@ �"� %
����J �(�� :��+�
� 0&�4A ( �	)!&- �2 :�

 �� �"4��&J� K+"4- �4 2<�
��� �2 MORB �� E
09A0�4$.
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��A�2�)A ���&N �)�� ��1&1D ��4- ����' �,��e.�A��4- sq�

ABا 

ب

9�GGG�H���4���5� TiO2�+��'����2 F#���" �� �9���������2 TiO2

( �< :��#���@()&-4#&1@�
�0��Y c��1+�� �,&�4��+,A4NM :����G&P� 
]
�[.

9��IJ<. ���45�SiO2/Al2O3]
�[�Y (
- ��  #��@()&��:0�'��" 
(� B�)8:��< ���45� F1-F2bJ4� (&1@ �&-4# #��@()&��:�
��5*�� 

(� B�)8 0�'�":�<]
j[.

DBK�(L� �	���
 �
%�"28 
)2)+!&2 �"�)2 :����< '� &� E@ F#" B&����+"� B$0)o(0Y 
�.(��45� ���45� :(� �b��G� ��4� :�8TAS )+!&2 :|�2 �� 

')�:�8 :)" 7&��A ��
�&1J �5&�( �
�&1J T�4A B&� �!�2 (
���
�&1J �5&� Q)+�*�� ��)J )&*�0)E,$�.(��45��8:��4� 

(� �b��G�:���45� Th/Nb �2 �9�� La/Nb ]�
���(�_[�
�&�� B����+�� Q)+�*�+	)* ��)J 0��)E,$�.(/)&-]�a[�2

:��+9�� '� ����+"�Ti/Y , Nb/Y�P�� �(�� :��+��'�2 �:�
 I&,�A ) 
0,
 '� �� e�4� ( �"4J )
�BY�"� ��)@ .:��+��'�2

�P�� �(�� :���� :�Ti/Y, Nb/Y :)+!&2+�80#.%
�
 |�5+?� ��A(��A�2Q0#8� e�A' I
 �� +"�D�+$4* �0$ �#i :�

�"� .)2K
�- �9�� Nb/Y�� :�8 ���'�2 (�P�� �L�4�� �2 :�
 ( O"�(0? ��+&��4A�
�&1J�� 7&��A 0�4$ .��45� ��4� :�8

 �b��G�����+�� Q)+�* �� :� ��)+�*�� ��)J 0�)&*)E,$j.(
9"�P�K��&b� CIPW�&B'� �R�?1�� �4Y(&9�< �%&��(

��&4
� �� ��(�)	 %
 #" %�"��]��.[
���2 ���Y4A ���2:������ )��*� ���G#� %��
� :�� #��" �� 0
0��$ K

)�2 ��@ �
�8���45� K�
�- �1��� )���#3 ))�&d�Na2O, K2O(
0#+�8 �5� %&�
 �2 �� ��5*�� w�&@)A 0��4A ��!�� 0�8� .'� �y��
���45� ES$
^����+"� $0.���45� �2 �Y4A �2Zr/Y �2 �9�� 

Zr 5� )+!&2��4 ��"�)2 ��4�� :�8 �� Q)+��* �(�� :���+��'�2 
�P���� ��)J :�0�)&*)ES$
^(.

9��M���45�TAS ���45� �&bJ4� (�< :(� ��b��G� ��4�� :��8 
]�^[.
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B�)8 0�'�" �
�5*�� :�� #" �"�#$ F#" ( �"�#$ ���@)e<(� ( t�R �,5� :�809#*(sq�

 

4��F@B&���<XRF�� B�)8 0�'�" %
�;< :�� #" /)*�' 0#12 .
g15 g3g11 g1g12 G6g9Sample No. 

Basalt Basalt Basalt Basalt Basalt Basalt Basalt rock type 

��/u�q/qr �q/��q/u�u/u����/�SiO2

�/�� �/�q �/{s �/{� �/�� �/sq �/�u TiO2

�s/u��/�� ��/u��/u��/r��/s��/�Al2O3

�/�u �/{� �/su �/sq �/�� �/�q �/qu Fe2O3

��/�u/u� u/�� u/�� q/qu q/�q q/s� FeO 

{/�q {/�� {/�{/�� {/s� {/�� {/�q MnO 

q/r� ��/{s �/uq �/u� �/�q r/�� �/u� MgO 

r/�� �{/�� q/�� q/�� q/�u r/�� �/uq CaO 

s/�� {/r� s/sr s/s� s/�r s/r� �/�� Na2O

{/sq �/rq �/�� �/�� �/�q �/rs �/�� K2O

{/sq {/s� {/�r {/�q {/�� {/s{/sq P2O5


/_j {/�� �/�� {/qu {/ru {/�� {/�r LOI 

uu/r� uu/�� uu/�q uu/u� uu/qr uu/u� uu/us total 

��q ��� ��� ��� ��� �r{ ��� Zr 

�s� ur s{� s{� s{s ��{ �q{ Sr 

r��s{�q�r���Rb 

ss��s�sTh 

�s�����Pb 

��� uq ��� ��� ��� ��r s�� Zn 

s� �sr s� s� s� �� �r Cu 

��� ��{ �s �s �� �{q �q Ni 

r� r� �r �r �q �� �� Co 

�u �� �� �� �� �� �r La 

��� ��q �{� �{� �{r u� �� F

�qu ��� ��s ��� ��� ��� ��{ V

s{q ss� �ss �s� �sr ��q u� Cr 

��� �{� �� �� �s �rq �� S

�r ss �� �� �� �� s� Y

�rqrrs�Hf 

�uq s{� ��r ��r �s� s�� ss{ Ba 

�� �s �r r� �� s� �q Ce 

r�0ss��U

�s �� �� �� �� �� �s Nb 

usq r�{ uqr uqr u�� s{�� ��s� Cl 
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��A�2�)A ���&N �)�� ��1&1D ��4- ����' �,��e.�A��4- sq�

T
h/

L
a/

N
b

k

4��F +�.�.@
Sample No. g10 g5 g7 g14 g13 g2 g8 g4 

rock type Andesite Trachky Andesite Trachky Andesite Trachky Andesite Trachky Andesite Trachkyte Trachkyte Trachkyte 
SiO2 ��/� �r/� �{/� ��/� ��/� ��/s� ��/s �s/r
TiO2 �/�s �/�u {/�u {/�r {/�q �/�s �/�� {/r� 

Al2O3 ��/� �s/u �s/qs ��/uq �s/�� �s/�� �s/u{ �q/q{ 

Fe2O3 �/�� s/�� �/rq �/uu �/ur {/�� �/�� �/�q 

FeO r/�� q/�{ �/�s s/rr s/rq �/�u ��/� r/s� 

MnO {/{� {/{u {/{� {/{� {/{� {/{� {/�u {/{s 

MgO �/�� �/�� �/s� {/ur {/qr {/uq q/qu s/s� 

CaO �/q� s/�r q/s{ r/rq r/rq s/�� r/ru q/qr 

Na2O r/�� r/u� r/�u q/{� q/{� �/�q s/�� �/�r 

K2O {/�� {/�� �/q� �/uu �/uq �/�{ {/�� {/�q 

P2O5 {/�q {/�� {/{� {/{� {/{� {/�� {/�� {/�� 

LOI ^/�a {/�u {/�� �/{q {/q� �/�� �/�� {/�
total uu/u� uu/u{ uu/us uu/qu uu/ur uu/ru uu/u� uu/qu 

Zr ��s ��q ��s ��� ��q �r� ��� �{q 

Sr rq ��s �uq �{� �{� �s� �s� u
Rb q q s� s� s� r q s
Th s � s � s q � �
Pb � � s � � � u �
Zn sr q� �{ �q �q �s ��� �s 

Cu � �� �r �� �� �� s� �� 

Ni u �� �� �s �� s�� ��r s� 

Co �q �� �� �s �s �� r� �{r 

La �q ss �� s� �{ �� �u �q 

F ��� �rs u� qq qu �� ��� �� 

V s� ��� �r �r �q sq �u{ �r� 

Cr ��� �s ��{ ��q ��u �q s{q �r 

S �� �ru ur uq uu sq ��q s� 

Y �r �q sq s� s� � �r �
Hf � � �{ �s �� ��u � �u 

Ba �r ��� ��{ ��� �sq r� �uq �{r 

Ce �u �� rs �{ �� �� �u �r 

U � � q q � r � �
Nb �� �� �� �� �s �� �{ �s 

Cl ��qu �u{� �qr� ���r �q�q s�� u�� ��rs 

9��N0�'�" %
�;< :�� #" �&bJ4� ���45� :(� 0#12 /)*�' K�G#� �� B�)8 Th/Nb )2�)2 ��La/Nb]�
���(�_[.
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B�)8 0�'�" �
�5*�� :�� #" �"�#$ F#" ( �"�#$ ���@)e<(� ( t�R �,5� :�809#*(sqr

9��OK
�- )2 ��+��'�2 Q0##@ �0Y ���45�Ti/Y – Nb/Y��45� �&bJ4� (�< :(� 0#12 /)*�' �� B�)8 0�'�" :�8 ]�a[.

9��:P��45�( /)&- ���45� :(� �b��G� ��4� :�8:�4� _]��[�P�� �(�� :��+��'�2 Q)+�* ���"� �+	)* ��)J :�.
QF

R�.��- 
 #":'�2 :��)� ( ���'�2&()2�*(), (7+"� �t�@ :�8)&-�
�

 �'x@4
Mx- �%�@()&-4#&1@ :��&��@ �3456� '� e< (� ( ��2<
 ( �
4��h %�"� �%
4&�� ��&A�-< �o49&��<�0R :��&��R)�&#51
� (

E&,!A�0$�0�.:��&"�)2��@ �"�#$ ��3�" E@�� �4Y( 
�+D�" ( �#$�� ��G#� :� ��!� ��#�@()&-4#&1@ �� �� �08� .

8�)58 �< )2 �(x3�A4")@ ���(�)	 %�"� ( �&A�-< &A ��&��+
D)2 ��42 ����1@ '� &-4#&��#�@())A&M(� ��+
�(�8���45� (:

$4NM&5&��
L4� 7�&A�5*�� �
�&1J �)A)����+�� (��)2 �:
�� #":�5*�� �
�� B�)8 0�'�" /)*�'0#12 ��!���)@ 

�"� .%
� )2�
�- ��45� :��1�* �2 �42)� �"�)2 ��4� :�8
 :)" '� )+!&2 �R 0#+�8 �"4��&J� :��+	�@ K&$�? E
09A

0#+�8 �1
09A ��* ( �
�&1J ��+�&�4A .

�.�(�0 � �S?*�
�. �2 ������ �� !��� �1&5SA >x&HPA5? w9" %
� '� �
�

�4$ �� :��y "�X" �!8(m- ��@.

TF.�� 
[1] Pligrim, G. E., “The geology of the Persian 
Gulf and the adjoining portion of the Persia and 
Arabia”, G. S. India (1908) 34, 2-177.  
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��A�2�)A ���&N �)�� ��1&1D ��4- ����' �,��e.�A��4- sqq

[2] Blanford, W. T., “Note on the geological 
formations seen along the coasts of Biluchistan 
and Persian Gulf and on same of the Gulf island”,
Rec. G.S.I., Indian (1972) 41-45. 
[3] Kent, P. E., “The salt plugs of the Persian Gulf 
region”, Iran, Leics. Lit. Phil. Soc. (1970) 64, 65-
88.

]a[T �:08�'.�"��G#� �,5� :�809#* �� 
�Y �� 0#12 /)*�'
��)
� �"�#$ �#&Z �4+""�%&�' T413 ���#1H	 )
_�^ (
�

�a =�_.
]�[T �:0��8�'.�"%&���' �!���� �)R)���$ ���"�#$
:��^^^^"�

%&�' ���'�" >���!+�� "�#$�4!R �)
_�
(.
]�[()8:T �.L ����'0#5$48 �.49� �:T �.�"'� :0
0Y 7&8���

&-�
� �1��� ( B�)8 0�'�" �"�#$ �#&Z :�809#* �� 7�
)
��)
� e4#Y �,5�"'4X5" �
� T4
-�&)
7�)
_�j (
=�^.

[7] Stocklin, J., “Lagoonal formation and salt 
domes in East Iran” Bulletin of the Iranian 
Petroleum Institute” (1972) 3, 29-46. 
[8] Harrison, J. V., Obrein, C.,A., “The geology of 
some salt plugs in Laristan, South Persia”, Geo. 
Soc. London, J. Quart (1971) 86, 463-522. 

]j[T ��N �B9".�"F#" ( �+D�#$ %&�' :�8 �"�)2 n��B*
 ��G#� �� �4* �4@ �)�5@ ���@�@ �,5� :�809#* �+D�#$

t4"�
"��05?�)
42 ( �
41& �@ ��+"� >�B1	 ( ���b� E@ ����� 
�1D�� n��B*)
_�� (�^.

]
^[� ��+6?.�":�809#* �5&$4NM ( :M4�()+- �"�)2
:��&+�2 ( o�P����Z ��+"� �S5� )( \+$� ���6#* �t�R

:'��("�0$�� �"�#$��@ ���� ��
�- ������� �� !��� )
_��(
�^�.

[11] Momenzadeh, M., Heidary, A., “The origin of 
Hormoz salt formation”, Symposium on diapirism 
with special reference to Iran (1990) 1, 109-140. 

]
�[L ����' `
(��.�":�8 \5� �"�#$ %&�' �*m
(
/��	 �&1D %
)9��R�)�#
�"�T4
'4X5" >|��� �3456� 

7�
)&-�
�)
_�j (
��
=
^�.
]
_[� ��4- ��A.T ��1&1D �.T ���&N �)�� �.L ��4- ��A (.�
"*()+- >�b��G� %
�;< :�8 F#" :(� )2 �
�&5&$4NM ( �	�)

B�)8 0�'�""��"�#$ %&�' %56�� >|��� �0&SZ )
_�� (
a��.

[14] Morimoto, N., “Nomenclature of pyroxenes”, 
Can., Mineral, (1989) 27, 143-156. 

[15] Deer, W., A., Zussman, J., “An introduction 
to the rock forming minerals”, Longman Group, 
seventeen impression (1991) 528.  
[16] Beccaluva, L., Macciotta, G., Piccardo, G. B. 
and Zeda, O., "Clinopyroxene composition of 
ophilitic basalts as petrogenetic indicator", Chem. 
Geol., (1989), 77, 165-182.  
[17] Le Bas, M. J., “The role of aluminum in 
igneous clinopyroxene with relation to their 
parentage”, Am. J. Sci. (1962) 260, 267-288. 
[18] Catakli, E., “Assemblage ophiolitiqe et roches 
associees de la partie occidentale du massif de 
Pozanti-Karsanti”, P.H.D. thesis, Universite de 
Nancy (1983) 1. 760. 
[19] Pearce, j. A., Nisbet, E. G., “Clinopyroxene 
composition in mafic lavas from different tectonic 
settings” Contrib. Mineral. Petrol. (1977) 63, 149-
160.
[20] Irvine, T. N., Baragar, W. K. A., 1971, A 
guide to the chemical classification of the common 
volcanic rocks, Can. J. Earth Sci., 8, 523-548. 
[21] Le Roex A. P., Bell D. R., Davis P., 
“Petrogenesis of group I kimberlites from 
Kimberly, South Africa, evidence from bulk-rock 
geochemistry”, J. Petrol. ( 2003) 44, 2201-2286.  
[22] Coe, N., “Petrogenesis of the Swartuggens 
and star group II kimberlite dykes, swarms, South 
Africa”, Ms. C. Thesis University of Cape Town 
(2004) 146.  
[23] Becker, M., Le Roex, A., “Geochemistry of 
South African on and off craton, group I and group 
II kimberlites: petrogenesis and source region 
evolution”, J. Petrol. (2006) 4, 63-703. 
[24] Pearce, J. A., 1982, Trace element 
characteristic of lava from destructive plate 
boundaries, In: Thrope, R. S. (ed), Andesites, 
Wiley Chichester, 525-548.

]��[�A�� ��4- .�"�� �,
M4�()+- ( �"�#$ ���@ >�b��G�
�3456�%
�;< :�8 =0#12 /)*�' �,5� :�809#* :)&�9A"�

�-
"�#$��@ ���� �����0!� )!+#� ������� �� !��� �0$�� 
)
_�� (
��.

[26] Pearce, A. J and Norry, M. J., 1979, 
Petrogenetic implications of Ti, Zr, Y, Nb 
variations in volcanic rocks, contrib., Mineral. 
Petrol., 69, 33-47. 

 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

05
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            12 / 12

https://ijcm.ir/article-1-621-fa.html
http://www.tcpdf.org

