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{�/���* ��  #.
�C !@�" $��/��@ �= �%* #4��&H !�"1'�
�*LREE �@ �+�� HREE ��.E� ���C<%�!@ ��.� ��%* .
&H�"1'��*LREE �@ �+�� HREE  �*
"���C<

�C�E"��</K#��
�.3 #2K.� �� �1' 1#��C<�O>d 7 �� *<
�%* ]�c[)I('�C<_ �(]�] �_[.
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1/`�����E' ���5#
�N ���{%�!@ ��C<��4� Y&% <� �#' D*!&#E�'.P:  #E���.3 �C<. . .���

$�%8,�J� 
583 �
�<'#E#P��/d* !d�&0 �E= �#E=  G�#=�S G����.E� �C<	 !A�B #!.
HR-002 HR-005 HR-007 HR-036 HR-040 HR-045 HR-050 HR-053 HR-056 HR-142 

SiO2(%) r_/q� ��/{� ��/{� ��/{{ ��/{� ��/{{ ��/{� ��/{� ��/{� ��/{� 

Al2O3(%) ��/�� ��/�� {�/�� ��/�� ��/�� ��/�� ��/�� ��/�{ ��/�{ ��/�� 

Fe(%) �c/�� ��/�� {�/�� ��/�� {�/�� ��/�� ��/�� {�/� ��/�� ��/�� 

CaO(%) ��/� ��/� ��/� {{/� ��/� ��/� ��/� ��/� {�/� ��/�

MgO(%) ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�

Na2O(%) ��/� ��/� ��/� ��/� ��/� �{/� �{/� {�/� ��/� ��/�

K2O(%) ��/� ��/� ��/� ��/� ��/� ��/{ ��/� ��/� ��/� ��/�

TiO2(%) ��/� ��/� {{/� �{/� ��/� ��/� {�/� ��/� ��/� ��/�

MnO(%) ��/� �{/� ��/. ��/� ��/� ��/� ��/� ��/� �{/� ��/�

P2O5(%) ��/� ��/� ��/� ��/� ��/� �{/� ��/� ��/� ��/� �{/�

Ba(ppm) ���� ���� ��� ���� ���� ��� ��� ��� ��� ��� 

Cd(ppm) q/a {{/� �/� ��/� {/� ��/� ��/� �/� �/� ��/�

Ce(ppm) ��� ��� �/��� �/��� ��� ��� �/��� ��{ ��� �� 

Co(ppm) �/�� �/�� �/�� �/�� �/�{ �/�� �/�� {/{� �/{{ �/{� 

Cr(ppm) �� ��� ��� �� ��� ��� ��� ��� ��� �{� 

Cs(ppm) �/� �/� ��/� {�/� ��/� �/� ��/� �/� ��/� {/�

Dy(ppm) ��/� ��/� ��/� ��/� ��/� {�/� ��/� ��/� ��/� �{/�

Er(ppm) ��/� �/� ��/� ��/� ��/� {/� ��/� ��/� ��/� ��/�

Eu(ppm) {/� ��/� ��/� ��/� ��/� �/� ��/� ��/� ��/� ��/�

Ga(ppm) �/�� �/�� �/�� �/�� �/�� �/�� �/�� {/�� �/�� �/�� 

Gd(ppm) {/�� �/�� ��/� ��/�� ��/� ��/� ��/� ��/� ��/� ��/�

Ge(ppm) �q/� ��/� �/� ��/� �{/� ��/� ��/� �{/� ��/� ��/�

Hf(ppm) ��/� ��/� {/� �/� �/� ��/� �/� �{/� �/� ��/�

Ho(ppm) �{/� �{/� ��/� {�/� ��/� ��/� ��/� ��/� ��/� �{/�

La(ppm) �/�� �/�� �/�� �/�� �/�� {/�{ �/�� {/{� �/�� �/�� 

Lu(ppm) {�/� {�/� ��/� {�/� ��/� ��/� �{/� ��/� ��/� ��/�

Nb(ppm) �{� ��� �/�� �/��� {/�� �/�� �/�{ �/�� �/��� �/�� 

Nd(ppm) �/�� �/�� �/�� �/�� �/{� �/�� �/�� �/{� �/�� �/{� 

Ni(ppm) {� �� ��� �� ��� �{ ��� �� �� ��� 

Pb(ppm) �/� {/� � � � �/� � �/� � �/{

Pr(ppm) ��/�� ��/�� ��/�{ ��/�� ��/�� {�/�� ��/�{ ��/�� ��/�� ��/�� 

Rb(ppm) �/�� �/�� �/{{ �/�� �/{� �/{� �/{� �/{� �/�� �/{� 

Sc(ppm) r �� �� �� �{ �� �� �� �� �� 

Sm(ppm) ��/�� ��/�� ��/� ��/�� {{/� ��/� ��/� ��/� ��/�� ��/�

Sr(ppm) ���� ��� ��� ��� ��� ��� ��� ��� ��{ ��� 

Ta(ppm) ��/� ��/� �/� �/� �/� ��/� �/� ��/� �/� ��/�

Tb(ppm) �/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�

Th(ppm) ��/�� ��/�� ��/� {�/�� {�/� {�/� ��/� {/� ��/�� ��/�

Tm(ppm) {�/� �/� ��/� {�/� ��/� �{/� ��/� ��/� ��/� �/�

U(ppm) �/� ��/� {�/� ��/� ��/� ��/� ��/� �/� ��/� ��/�

V(ppm) ��� ��� {�� ��� ��� ��� ��{ ��� ��� ��� 

Y(ppm) �/�� �/�� �/�� �/�� �/�{ {/�� �/�� �/�� �/�� �/�{ 

Yb(ppm) �{/� ��/� ��/� ��/� ��/� ��/� ��/� {�/� �{/� ��/�

Zn(ppm) �/�� �/�� ��� �{� ��� �/�� �{� �/�� ��{ �/{� 

Zr(ppm) ��� ��� ��� ��� ��� �{� ��� ��� ��� ��� 
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7* �;� ��*.S
�f �1#$���*����*� t#u0 $�f I��0 ���*� 7*!
* �%�&' ���=  �%�&'�./@ �/8� ���

 $�%86�J�
583 �
' �#E#P��/d* !d�&0 �E= �#E=  G�#=�S G����.E� �C<�*#.
 !@�" $.
HR-136 HR-137 HR-138 HR-139 HR-140 HR-143 HR-146 HR-147 

SiO2(%) 6�/q6 ��/{� ��/{� ��/{� ��/{� ��/{� ��/{� ��/{� 
Al2O3(%) ��/� ��/� ��/� ��/� �{/� ��/� ��/� ��/�

Fe(%) {/�� ��/�� ��/�� ��/�� ��/�� ��/�� �/�� ��/�� 
CaO(%) {�/� �{/� ��/� ��/� ��/� {{/� ��/� ��/�
MgO(%) ��/�� {�/�� ��/�� ��/�� �/�� ��/�� ��/�� ��/�� 
Na2O(%) ��/� ��/� ��/� ��/� ��/� {�/� ��/� ��/�
K2O(%) �{/� ��/� ��/� ��/� ��/� �{/� ��/� ��/�
TiO2(%) ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
MnO(%) ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
P2O5(%) �{/� ��/� ��/� �{/� ��/� ��/� ��/� ��/�
Ba(ppm) ��{ �/��� �/��� �/��� �/��� ��{ �/��� ��� 
Cd(ppm) �_/a ��/� ��/� �/� �{/� ��/� ��/� ��/�
Ce(ppm) �� �� �{ �/�� �� �/�� �� �� 
Co(ppm) ��� ��� ��� ��� ��� ��� ��� ��� 
Cr(ppm) �6]a ���� ���� ���{ ���{ ���� ���� ���� 
Cs(ppm) �/� ��/� �/� ��/� �{/� �/� ��/� �/�
Dy(ppm) ��/� �{/� ��/� ��/� ��/� �{/� ��/� ��/�
Er(ppm) �{/� ��/� �{/� ��/� �{/� ��/� ��/� ��/�
Eu(ppm) ��/� �{/� ��/� ��/� ��/� ��/� ��/� ��/�
Ga(ppm) {/� �/�� �{/� �/�� �/�� ��/� �/�� ��/�
Gd(ppm) ��/� ��/� ��/� ��/� �{/� �{/� ��/� ��/�
Ge(ppm) �/� ��/� ��/� � �{/� �/� �/� ��/�
Hf(ppm) ��/� �/� {�/� �/� {/� ��/� �/� {�/�
Ho(ppm) {�/� {�/� {�/� ��/� ��/� {�/� {�/� {�/�
La(ppm) �� �/�� {/�� �/�� �/�� �/�� �/�� �/�� 
Lu(ppm) ��/� ��/� ��/� ��/� ��/� �/� �{/� ��/�
Nb(ppm) �/�� �/�� �/�� �/�� �/�� �/�� �/�� �/�� 
Nd(ppm) {/�� �/�� �/� �/� �/� ��/� �/�� ��/�
Ni(ppm) ��� ��� �{� ��� ��� ��� ��� �{� 
Pb(ppm) �/� � �/� � � �/� � �/�
Pr(ppm) ��/� ��/� �{/� ��/� {{/� �/� ��/� {�/�
Rb(ppm) �/�� �/�� �/�� �/�� �/�{ �/�� �/�� �/�� 
Sc(ppm) �] �� �� �{ �� �� �{ �� 
Sm(ppm) ��/� ��/� ��/� ��/� ��/� ��/� ��/� �{/�
Sr(ppm) ��� ��� ��� ��{ ��� ��� ��� ��� 
Ta(ppm) c/� �/� ��/� �/� �/� ��/� �/� {�/�
Tb(ppm) ��/� {�/� �{/� ��/� ��/� �{/� �{/� �{/�
Th(ppm) {�/� ��/� ��/� ��/� {�/� ��/� ��/� ��/�
Tm(ppm) ��/� ��/� ��/� ��/� ��/� ��/� �{/� ��/�
U(ppm) ��/� �{/� ��/� {�/� {�/� �{/� ��/� ��/�
V(ppm) ��� ��� ��� ��� ��� ��� ��� ��� 
Y(ppm) �/�� �/�� {/�� �/� �/� �/�� {/� �/�� 

Yb(ppm) ��/� ��/� �{/� ��/� ��/� ��/� ��/� ��/�
Zn(ppm) ��� ��� ��� ��� ��� ��� ��� ��� 
Zr(ppm) �� �� �� �� {� �� �� �� 
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1/`�����E' ���5#
�N ���{%�!@ ��C<��4� Y&% <� �#' D*!&#E�'.P:  #E���.3 �C<. . .���

;<�D�`  �% �*�.E��K2O, MgO, Al2O32K.�  �#���.E� �-
�C<%�!@ ��.� ��7g �� ]�6.[

;<�E��`  �% �*�.E� �Al2O3-MgO-CaO2K.�  �#���.E� �-
�C<	 !A�B #!<�7g �� ]�9.[

;<�F�*�.E�K2O+Na2O�@ �+�� SiO22K.�  #��.E� ���C<
��.�%�!@�7g �� �]�q[)B	 !A�#*� ��E� �@ !
�*  �!#.
��@  !@��" $

�.� ��E�<(.

;<�G3.+(&0 �*�.E� ��@ �1' ��8&�@ REE Chondrite�]�][.

;<�H3.�+(&0 �*�.�E� ���@ �1�' ���8&�@ Primitive Mantle�
]�_.[
������ ���

>�g#D.+ :�J�
���g �#>�g 5#��.E� �� D.+�C<D 1�` �� �!2� 9
�P*�*�1'*1�.�*�.E� [�%*!@Na+K !@*!@ �� Si ]�^[x.�E8�
3�=#7.�C</K#P��>�g #D.+�C<�1�' ��)�� �*1�� �* ��W&� 
*!@<=��!� #@ �#7g  ��.@ !J) �!J�" �� *� �C<��"��N 
�*!K �
��1C�)I('�.(ها با در نظر گـرفتن نمـودار تركيب آمفيبول

Siدر مقابــل Mg/(Mg+Fe2+)،براســاس ميــزان كــه Ti 
(Ti<0.5 , Ti>=0.5) و بـا در نظـر به دو فيلـد تقـسيم شـده

هاي لامپروفيري كه ميزان گرفتن نتايج آناليز ميكروپروب نمونه 
Ti از اغلب نمونه باشـد، لـذا تركيـب آمفيبـولمي/.5ها بيشتر

ــه ــر نمون ــا اكث ــورد بررســي كرســوتيت ت ــري م ــاي لامپروفي ه
و تعداد كمي  ها نيز تركيب فروپارگـازيتي از نمونه فروكرسوتيت

��>�g t#D.�+ ��C<#@� 3!%.)10شكل(دهند نشان مي  �.�`.� 
	 !A�B# � �C!<�*�.E� ]�r[�� �1C�)�� ���E"�� ��= �.�'<

��.E� 1�.��C<%�!@ ��.� ��@!%</K#��
�J�@*  1��*)I(�'
�� .(/=#N.&#$�= ! :�J�
583 �* Id�f �
* �
��= $�D 1` �� 
{)��1' ��*� 7�1�* .�.u&� �@ 7�!= *1`K�#TN !�3#$��= !-

���C<��%�!@ ��.��� ��*�.��E� �* ����/�� �Mg-Na-(Fe+2+Mn) 
]��[1��' ���>J��%* )I(��'��(* !��@ ���=��
=!3 [���%* $��# Z
'#E#P��/=#N.&#$�= ! � x.� �* �C
�N.#��* 1
@�����.�' .��

����/�� �*�.���E��Ti-Na-Al(IV) ]��[�1���&C� 7�)���� ����= <
/=#.&N#$��������= !��������C<NAT=NaTi0.5R0.5

2+Si2O6�
NATA=NaTiSiAlO6�TAL=CaTiAl2O6�
CATS=CaAlAlSiO6�AC=NaFeSi2O6�

JD=NaAlSi2O6 UR=NaCrSi2O6=!3 �������%* �����# Z
/=#N.&#$���= !���C<�*��#.
�!J���" �� �M����= ���C !@�" $<Ca 

U��!�(CATS)� �*!K �"#1�!)I(�'��.(�*�.�E� [��%*!@
���1&@<+�g#�3�.�g �#=!3 ��M=.�3�*  ��#:MN Z
�� ��C�M=.

	 !A�B#�!J�" �� �C!<=!3 #�+��@#+�g $�#�1��g ��3 �
��  $
�*#.
�C !@�" $@#�1�g $
$)'�f ��#�(@ ��3 #�.J �# �)5�=!� �� (

� �*!K�"#�!.=!3 �# Z�#��C�(<�%�!@ ��.�� �	 !A�B �� #��C!
@#3.��#�* ��  ���#.
N."./	 ���C !@�" $��#23 �#��#1��' $���%* �.
�*#.
$�C<�* ��@ �.�@!� �#.
 !@��" $<���W&� <*.�C <*�*� <

=!3#!= Z
� 5#1&J�C �.
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7* �;� ��*.S
�f �1#$���*����*� t#u0 $�f I��0 ���*� 7*!
* �%�&' ���=  �%�&'�./@ �/8� ���

$�%89�J� 
���g �#�W�� 5*<>�g #D.+�C<	 !A�B �� �.`.� #�C!<��W&� .
AMP AMP1 AMP2 AMP3 AMP4 AMP5 AMP6 AMP7 AMP8 AMP9 AMP10 AMP11 AMP12 AMP13 AMP14

SiO2 ar/9^ ^^/9_ q^/9^ c9/9^ a_/9r q�/9^ �a/9r a�/9r ^a/9^ q]/9_ r]/9_ a6/9_ ]q/9] ar/9_ 
TiO2 ]r/c a9/] __/9 qa/q _a/9 9c/c c_/c ]q/9 _^/9 ^c/c �^/c a^/] a^/c q6/c
Al2O3 a�/�q 9a/�q r6/�� ac/�9 �6/�6 q^/�q ^6/�9 ac/�6 �a/�6 9c/�9 q]/�6 c_/�9 ^a/�� 96/�6 
FeO r6/�9 9c/�q _^/69 _�/�r 99/66 6^/�q 6c/�6 qa/69 r�/6a 6^/�c qq/�^ 9a/�c q6/�r 6c/�^ 

MnO 69/a 6�/a c9/a 9^/a q^/a 6�/a 6a/a c9/a q9/a 6�/a 96/a 6�/a 9q/a 6r/a
MgO �r/�a _r/r ^9/q ^9/] cq/c r�/r 6_/�� rc/q q]/] 66/r ]]/_ 6�/r �q/_ ^q/_
CaO r^/�� �c/�6 �]/�� c�/�� 9r/�� ar/�6 �9/�6 6^/�� q]/�� �9/�6 _r/�� �6/�6 ]�/�� ]]/�� 

Na2O q6/6 6]/6 c]/6 q6/6 9]/6 66/6 69/6 qq/6 q9/6 66/6 �_/6 �^/6 6^/6 6c/6
K2O 6r/� 6r/� ]r/� ]a/� ]^/� 99/� 6c/� _c/� ]c/� 96/� cc/� 6^/� c6/� qc/�

Cr2O3 a a a a a�/a a a a�/a a a a a a�/a a
Summe ^6/r_ 6]/r^ _6/r^ q9/r^ ]^/r^ 6^/r^ ^6/r_ a]/rr a6/r^ aq/r_ c9/r_ r_/r] ^q/rc c_/r] 

3�=#7.[�%*!@ �C69�=* #�+%�O� 7�
Si _]q/c _69/c a9q/] rqr/c a^q/] _^a/c ^c_/c a^q/] aqr/] ___/c ^rr/c _�a/c ^q�/c ^�^/c
Ti ]q_/a ]^c/a qqc/a c��/a q99/a ]ac/a ]6_/a q6_/a qq9/a ]_^/a ]ac/a _ac/a ]ar/a ]9r/a
Al qrr/6 cq_/6 6a9/6 9_c/6 66c/6 c]^/6 qqa/6 6�c/6 66q/6 q6_/6 6^9/6 q]_/6 6�_/6 6_^/6

Fe3+ a a a a a a a a a a a a a a
Fe2+ _]�/� ^�9/� ��^/9 cqq/6 ra^/6 _r_/� c9q/� ac6/9 _6]/6 r_�/� 9r]/6 r_9/� c^r/6 9rq/6
Mn a6r/a a6_/a a_a/a aca/a a]9/a a6_/a a6c/a a_a/a ac_/a a6_/a aq6/a a6_/a aq]/a a9r/a
Mg 6r^/6 6ac/6 �6r/� c_6/� 6^]/� 669/6 c�]/6 �c�/� ca�/� ��r/6 __q/� ��_/6 ]r_/� ^99/�
Ca rq6/� r]_/� ^_c/� raq/� raa/� rqr/� rq_/� ^^c/� r�q/� aaq/6 r]9/� aa9/6 r^9/� rcr/�
Na _�a/a ]]6/a __^/a _6q/a _�6/a ]q^/a ]q^/a _9^/a _9q/a ]]q/a ]cq/a ]c6/a _ac/a ]^q/a
K 6qr/a 6qr/a 99^/a 9�c/a 99q/a 6cc/a 69r/a 9q^/a 96^/a 6]a/a 9a_/a 6c6/a 9ar/a 6ra/a
Cr a a a a aa�/a a a aa�/a a a a a aa�/a a

Sum ra�/�c ^__/�c rr�/�c rq9/�c rq]/�c ^c6/�c ^99/�c r_�/�c r__/�c r6^/�c r6q/�c ra]/�c rr_/�c r9q/�c
�.3
= V3�#7.�% �� �C
��C<�./@ <

Al(IV) 69]/6 6__/6 r]]/� ac�/6 r�]/� 66a/6 �q9/6 r�]/� rc�/� 669/6 �a�/6 6ra/6 �cr/6 �^6/6
C Al(VI) 6]9/a 6_a/a 69^/a 969/a 9ar/a 9q^/a 6r_/a 6rr/a 6_9/a 6aq/a �^6/a �__/a acr/a ar]/a

(Na+K)A ra�/a ^__/a rr�/a rq9/a rq]/a ^c6/a ^99/a r_�/a r__/a r69/a r6q/a raq/a rr_/a r9q/a
M/(M+Fe2+) c]]/a cqr/a 6]]/a 9^6/a 9a_/a cc9/a ]6�/a 6_q/a 9cc/a c�^/a q6c/a c�^/a 9r]/a q9q/a

100Na/(Na+Ca) _]r/6] �^9/6c 999/6r c]�/6_ 6_a/6_ rqa/6q r]9/6q �9�/6^ _9a/6_ ^_r/6q r^q/6q cc]/6q 6�r/6] ^^�/6c
100Al/(Al+Si) 6q9/9a _rc/9a _q_/6] c96/6^ __c/6] _]c/9a q�a/6r ]r6/6] ^_r/6] c^�/6r ^r_/6_ �_�/9a c�]/6_ �9_/6^

Al(VI)Fe3+TiCr r��/a rcc/a ]^6/a ^9q/a _q9/a rcq/a r6q/a _6^/a _�]/a ^^9/a _^_/a ^^6/a ]]r/a _9c/a

;<�I2K.�#>�g �#D.�+ ��C<	 !A�B �� �.�`.� #�*�.�E� �� ��C!
(Na+K)-Si�]�^[.

;<�,JD.+#>�g �#2K.���.#3�= �+�� �*�.E� �� �C!#	 !A�B 
Mg/(Mg+Fe+2)!@*!@ ��Si �]�^[.
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1/`�����E' ���5#
�N ���{%�!@ ��C<��4� Y&% <� �#' D*!&#E�'.P:  #E���.3 �C<. . .���

;<�,,*1`
?O�#�� l#$JS�%�	 !A�B #�C!<%�!@ ��.� �
=!3 �* ���>J%* �@ #Z'#E#P��>�g #D.+]�r[.

;<�,6=!3 #' Z#E#P��/=#N.&#$�= !�C<	 !A�B �� �.`.� #�C!
�*  #.
 � !@ �C !@�" $<�/�� �*�.E� �Mg-Na-(Fe+2+Mn) �]6a[

)I(' 1&��EC tPM0](.

$�%8D�J� 
���g �#�W�� 5*</=#N.&#$�= !�C<	 !A�B �� �.`.� #�C!(LAM)�*  #.
$�C !@�" (OGB).
CPX LAM1 LAM2 LAM3 OGB1 OGB2 OGB3

SiO2 9r/qr r9/q^ ^r/qq ^r/cq 9^/c9 ^_/c6
TiO2 a6/6 �r/a ^/9 �6/a 6r/a 69/a
Al2O3 c9/q q^/q ^9/_ c_/a cq/a r]/a
FeO q6/_ c6/_ �9/^ q9/�q �_/�q _�/�c
MnO �r/a �_/a �c/a 9/a 6^/a 6^/a
MgO q�/�9 6_/�9 _9/�� _q/6^ __/6^ r]/6_
CaO a^/69 ar/69 a9/69 ^/a � r_/a
Na2O 9]/a 9^/a c/a aq/a a9/a ac/a
K2O a a a�/a a a ac/a
Cr2O3 a a9/a a a_/a a6/a aq/a
Summe qa/�aa a]/�aa a_/�aa r]/rr q^/r^ �6/rr

3�=#7.[�%*!@ �C6*�=#�1' �+%�O� 7�1�*

Si ^6r/� ^6a/� ]_^/� r]q/� r9c/� r�c/�
Ti ac]/a a]�/a �a_/a aa9/a aa^/a aa]/a
Al �r^/a �r]/a 9qc/a a6q/a a69/a aq�/a
Fe 69a/a 69q/a 6cq/a q96/a q9a/a q_]/a
Mn aa]/a aac/a aac/a aar/a aar/a aar/a
Mg _qa/a _9c/a ]c9/a c99/� ccq/� car/�
Ca r�]/a r6a/a r66/a a9�/a a9r/a a9^/a
Na a6]/a a6_/a a9]/a aa9/a aa6/a aaq/a
K a a a a a aa6/a
Cr a aa�/a a aa6/a aa�/a aa�/a
Sum q q q q q q

�.3
3�= V#7.�% �� �C
��C<�./@ <
T Si ^6r/� ^6a/� ]_^/� r]q/� r9c/� r�c/�
Al(IV) �_�/a �^a/a 966/a a9]/a a]c/a a^c/a
Fe2+ ��]/a �a9/a a6c/a 9^q/a 96^/a 9qr/a
Fe3+ ��q/a �9�/a 69a/a aq^/a �a�/a �6_/a
Mg ]^_/a ]^^/a ]�_/a c_c/a ]aq/a c]�/a
Ti ac]/a a]�/a �a_/a aa9/a aa^/a aa]/a
Cr a aa�/a a aa6/a aa�/a aa�/a
M2 Na a6]/a a6_/a a9]/a aa9/a aa6/a aaq/a
Ca r�]/a r6a/a r66/a a9�/a a9r/a a9^/a
Mg ac9/a aq_/a a9_/a rc_/a rca/a rq^/a

Quad __�/� _cr/� ]aa/� rq_/� r66/� ^r]/�
Jd ac6/a acc/a a_6/a aa]/a aaq/a aa_/a
FeII/(FeII+Mg) �9c/a �69/a a9]/a 6aa/a �_q/a �^^/a
Di ^]c/a ^__/a r]q/a ^aa/a ^6]/a ^�6/a
Hd �9c/a �69/a a9]/a 6aa/a �_q/a �^^/a
Di% aq/^q ac/^c 6�/r6 _q/_r 9^/^6 r9/^a
Hd% �6/�9 r9/�� q]/9 r^/�r qa/�_ _a/�^
Ae% 9a/6 ]r/6 rc/9 9^/a 9_/a c_/a
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7* �;� ��*.S
�f �1#$���*����*� t#u0 $�f I��0 ���*� 7*!
* �%�&' ���=  �%�&'�./@ �/8� ��{

 

;<�,9�/�� �*�.E� �Ti-Na-Al(IV) /= 7g �� �= #$��= !N.&-
�C<�*#.
�!J�" ��  !@�" $CATS�1' VK*  �1�*]6�[.

����KL����7��
*!' �� g!@ �.u&� �@
	 !A�B �./+3 ��)	  ��� l#\ � �* �C! -

�C<3�= D��+3 �12J� #�.�1' �J	!" �!�@ .=!3#' Z#E#P��
��=�>�g #�@ D.+n�.dJ�" *!@ ��!<23##Y&% ��)	 $�C<
�bg
� ��= �@ 7."!"�  $�� � .3�= �*1�� �* ���>J%* �@#�.�
�.�g#&#>�g ��JS�% �� �.`.� I= -.#D.+��`�� 1&@<�C<

!, �* i/J��
l@* � T��6 9��)	 <@#$c/a±]
�3]/a±�9���  <�./+3 ]]/^__*!@ <	 !A�B #�� g!@ �C!

�%* �1'.`.3 �@ * �@ �
$�W@*� �� �=<6!@ � M0 Altotal �* 
���<E�3 #&��#�%* �1' �J	!" �!�@ 5��MJS* �@ �`.3 �@ *�� 

*!@ �1' �+%�O� ��)	 �`.3 I@�K<�C�./@ �./+3 <>�g #�� D.+
	 !A�B#�W@*� �* �1' �+%�O� ��)	 �!<��� �* I�J�� <

)c/a±]) (�W@*��(�1' ���>J%*�%* .
(1) P ± 0.5 Kb = -3.92 + 4.23 Alt [66], 
(2) P ± 0.6 Kb = -3.01 + 4.76 Alt – (Tºc – 675/85) × 
0.53 Alt + 0.005294 × (Tºc – 675) [69], 

(3) Tºc = 273 × (Ti/230) + 877 [6q]
*!@<23##��� $<�C�./@ �./+3 <�*#.
�E"�� �� $<�* 1�.� #.
$

 !@�"<*.C <@ ?&=*  �* #/= $#.&N#$�= !��*#.
$±A%*#I&
]6c[1' ���>J%* .* !@
��� [�%* $<D��2� �a�9�`�� <

J��%�*!@ �*!"<()3 #* I
�* �� �C�./@ $#.
 !@�" $<�@ *.C 
1�g �%� .

*!@<23##� $#&H 7*5�"1'�
�3 ��"1'���4J%�S 
Y&%�C<��W&� <%�!@ ��.� ��+�� �* Y�@ �+�� Zr 

]��[�)I('�{(>J%*1' ���.* !@ 
�E"�� [�%* $<1�.� 
��.E��C<	 !A�B #!<�*  #.
 !@�" $<%�!@ ��.� ��J'." �* -

<&H��1' �
�)�J	!" 1�* .�+��Zr/NbY&% �� �C<
�J%.N<� 1f ��  B�@ 66�36c�%* �1' \�*5" .��f ���-
� �=#4��#* $
	 !A�B �� �+�� $#�C!_6/6�* ��  #.
$

�C !@�"6q/9�%* .*!@�&@
� $�J� 7*.3#* �= �	!" �8
$
Y&% �J'." �* �C�
�)�J	!"1�* .&�EC#�N $#
�+�� 7�.@ $

Zr/Nb Y&% ���C<%�!@ ��.� �@#�`�� 7�.@ !JE= !4��<
)�@ G b��%* .*!@<P�%�&' ���= �%�&'��`��  <G b 

)�@�Id�f �*�.E� �* Sm/Yb �@ �+�� La/Sm ]��[
)I('�c(J%*1' ���> .* [�%*!@
��.E� �*�.E� $�C<

	 !A�B#!< � �� <&O&� �A%* #I&–� �!� ����" #��.E�  �-
�C<�*#.
� ��  !@�" $
�5�  !
&O&� e�A%* #I&–����" 

� �!�#� �*!K ��"#1�! .*!@�&@
	 !A�B $#�C!<G b �* ��W&� 
)�@��1d�� <��.E�  �C<�*#.
)�@ G b �*  !@�" $�

� 1f�1d�� <A%* #I&–� �!� ����" #�1' Id�f �1�* .
�N �+��#
$Ce/Yb��*��@ �� �1&C� 7�)� �C<�`�� <G b 

)�@�A%* �.`   B�@ #K�@ ��	 �� I&#B�@ �+��  ��.@ �1��E<
Ce/Yb@#�`�� !4��<)�@ G b ���	 �� ����" �.`   t= 

K�@#�%* �1��E .�#4��#* $
	 !A�B �� �+�� $#�C!<��.� 
%�!@�a9/c]�* ��  #.
�C !@�" $a_/9c�%* .*!@�&@
�+�� $
B�@<Ce/YbY&% �� �C<��W&� <%�!@ ��.� �@#!4��

G b �`��)�@�K�@ ��	 �� ����" �.`   U1�* #�%* �1��E .
�@23 �.u&�##O� $#�� l#$JS�%���.E� �C<	 !A�B #!< 
�*#.
 !@�" $�/�� �*�.E� �*�Th-Hf/3-Nb/16 ]6_[���>J%* 

1')I('�].(* �@ �`.3 �@
�*�.E� $��.E� ��C<��W&� <��.� 
%�!@��!J�" �� <�O>d 7 �� *<(WP)�1' VK*  1�* .

�% �*�.E� [�%*!@�` �Nb*50-Zr*3-Ce/P2O5]6^[
)I('�_(��E3 ����.E� �C<%�!@ ��.� �[.K �� �C<

P�E"����N���.S!@<J	!" �*!K �1�* .3�E"�� ��4J%�S#t�
/K#��
O� ��#l�C<))= ��O>d 7 �� *<tC��.� 7�&�

�%* �O@ .�0 !h�f D�f ��#* !@ �1
��*��@ �= �%* $�C<
/K#��
*5` 
K* !#%.���(OIB)�J'." �* ��&3 <!>%.&J%* <

� TJ)��� 1�.'��C�E"�� </K#��
���K 7 �� *<���@ 1&�*.3
% #�/<)�@ G b ��J'." <����!"� <&H��*LREE  

LILE*
1�.' ��8 .&H�"1'��*Pb �Ba  LREE�3  �-
"1'��*HREE�C�E"�� �� </K#��
���K *<� *� ��@ 7*.3

��4J%�S� �J'." #!>%.J<�*� �+�� .J3.R�#K* k#%.����@
�J%*�<D�E' @!H��G.&`K!'��)" �@ �= �%* ��.@ 
7g ?

*
��!% �* 7*!#$C�<P��* 1&" ��@  � �=!f �@  �1' *1` 
K* $J�@  D�E'#J3.R��N [.��#%*� * �@ �k#�%* �1' TO/� �.

D1��C<�.P: 
��&#(�>/J�� ��J�@  ��@ 7��� �.oS �� 
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1/`�����E' ���5#
�N ���{%�!@ ��C<��4� Y&% <� �#' D*!&#E�'.P:  #E���.3 �C<. . .���

 71'I('"#!<�C<*
K* $#* �� [.��
��% �� 7*!#S* 7�#!
*!@ �%* �1' �P*�*<D��� :]6r�9a 9�[.D1� ���C<F.	 

%*!@ 71' ��@ 7��� �<J3.R� #@ k#i�* I��' �= �1' 7��
� 1��=#$]6r[�G�%!C ��#$]9�[�  �%#!E
N $#)#$

]9a[.*!@<� 71' �J�@ 7��� #���@ �% 5<���� �i�*��%�3!= 
��K.	��$%.R��N)�*�B ��	#1(]6r[�G��*#$%.4]96[�  �

�#�N $%.#$�/N#$%. ]9�[.&�EC#D1� �� $�C<
:�.J(3.P#(�*!@ �1' �P*�* <I('"#!<J3.R� #?�*� !	 k

tC � �5� ?�*� !	 ��!>&�  7�����tC*!@ 7���<�/f!� <
* D�2	
K* $#�%* �1' �J	!" !u� �� [.�� .��*� �@ �`.3 �@�C<

* �* Id�f
2K.�  ?C �N $#��.E� ��*�.E� �� �C�C<*1` 
�1&&=<O�#�� l#$JS�%�)�N [.K�.S!@ ��<(��&3 �* �

��&J%* I@�K D1�]6r[1' ���>J%* .* ��
*!@ D1� $<�/f!� <
J3.R� D�2	#�*.J� ?�*� !	  � k�tC �tC  7��� !u� �� .%
1' �J	!"1�.*
tC ?�*� !	  � $�.3 �@ 7���#!P*5` �	�+EC 1

%.K�'�f  #�<P � 5� �� ���K D�2	 #��.@ �*!EC e1�*)���@<
�����%*� : #e�
!
��K.	 �%�3!= �3 $�.(* ��
[.K D1� $-
�C<P�E"�� �� �* #��@!H �!+�*  !JS����@�bg
�@ 7�8 7*.&0

[.K�C<P�E"�� ���N�1' �J	!" !u� �� ��.S!@ 1�* .�`.3 �@
+�� $% �@�*!@ �1' �P*�* <��.3 �C<	 !A�B #!< !@�"  <

/K#��
*.C <)�*#$%.4(&� �#� �.o3 $�g!	 �= �.'
�C1&<
))=���N��.S!@�I�" 71' D�2	 �0�@ �C<E0#T

�#!>%.J<�J%.N �� <*
��2	 �@  �1' 7*!#7g �?C�=  �C
 � �* ��)	<�J'." <�����!"�G b )�@�t= �!� �@ )c

1d�� (A%* �J'." ��#I&�� �!� ����"#J���*� ���%* .
�
N�#�C!<P�E"�� ��.3 #/K ��*��@ �'!% �= �1' 1#��
�J'*�-

1�*��J'." �* <�#!>%.J<�10�K ��  ��!= �.2d <�J%.N 
�1' iK.J�Bg  �J%.N G b $Eh  1�*
U1�* t8f �@ ?

��*1"�C<�J%.N *<)/K ��*��@ I@��3#��
�J'." *<���� �@ 
!
P5`��J%.N (()3  #�E"�� I<M1N#���&)<]99[�E"�� �<

	 !A�B#!</K#��
2d �@  �J	!" I(' �C�*!3 �@ �.<�@ �!3B�@ 
I('�.=B #1K�, �J�C �� �
k�C<�.`.� I+K �* ��`<-

"#!<�%* ��!= .� �.2d �@ 7g ZK�2J�
N�#�C!<�E"�� <
J�*��@�/K#��
��.3 �B�@ �E% �@ <�.=B #J�
�1' ��% �@ #�/

��� *!	�C<�E0 �*
� $
N�#!) !@�"</K#��
(�%* �1' VWK
)I('�^.(

;<�,D�*�.E�Y-Zr *!@<(>3 #&H ��4J%�S e��3  �1' ��1' 
]�_[)I(' 1&��EC tPM0](.

;<�,E�*�.E�Sm/Yb-La/Sm <*!@23##$�)&� G b ��`��  
)�@��]6][)I(' 1&��EC tPM0](.

;<NN�,F�*�.��E�Th-Hf/3-Nb/162K.�  ��#����.E� ����C<��.��� 
%�!@��7g ��]6_[)I(' 1&��EC tPM0](.

;<�,G�*�.�E�Nb*50-Zr*3-Ce/P2O52K.�  �#���.E� ���C<
	 !A�B#!<P !@�"  ��7g �� ]6^[)I(' 1&��EC tPM0](.
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7* �;� ��*.S
�f �1#$���*����*� t#u0 $�f I��0 ���*� 7*!
* �%�&' ���=  �%�&'�./@ �/8� ���

 

;<�,H�.J(3.P: D1�#(��`
4#!<	 !A�B ��.�3 �#!< !@��"  <
/K#��
[�%* !@ );�
1�6aa�. (

O�"��� 
�J� 
* �* Id�f �
� �!' �@ ?C �N $
!1�* :��%�!@ ��C<

P*!Od�� 7�)� ���.3 �= 1C�<	 !A�B #!<*.C <�@I('

�.=B e#�J�C �� �<1K�, 
L�MN k�*�<�.O� 1� � �@ <

WNW–ESE�J)�� �* I()J�  �C<	#/#P.)#1<�%�3!= 
��K.	�–�53 $%.R��N 
% �@ �.S  �1' T#* �/P !@�" U.J%�

/K#��
�%* �1' VWK .6���= �@ �`.3 �@ �%�&'�/d* �
>�g#/= �D.+#N.&#@ �$�= !#3.#�* ��#.
ES  $#�!<�* I()J� 
:MN
�M=.
%�JN �#��=  ��A%1/	 t��C<0!	 �3�Ng #��=  ��-
�C<3#=!3 ��!#	 !A�B Z#*.C !<�.JA��= #P���% �3 �#�
��*
@�� !@�"  �1' </K#��
�#��= �@ 5�%�&'�/d* ��*#.
�$
/=#N.&#:MN �$�= !
��=  �M=.��C<0!	 �N."./	 #3�Ng ��#�
 �1=� ��)� ��.' .9�%�!@ ��C<'#E���=���C 7�)�
��=!3 �= 1C�#>�g Z#/= �D.+#N.&#:MN �$�= !
�  �M=.#�(

��.3 ��<	 !A�B #!<�@3!3#��"��N Z
=��!� !	 �3 �#��
�
�N.#+�g �1#�1�g �3 �
@  $#3.#=!3  ��.@ �#�* Z#.
�$
/=#N.&#:MN �$�= !
�  �M=.# !@�" �� �(</K#��
3!3 �@ #Z
!=
� 5#� ��
�N.#�/= �3 1#�1�g �U��!� t
@ �3 $#�.J# �

N."./	#1&J�C �.q���� <8&%��)	 �	 !A�B #���>J%* �@ �C!
3�= �*1�� �*#�.��.�g #&#% �� I= -.>�g ��JS�#D.+ ]66�69 

6q[� 7�)� �>�g �= 1C�#	 !A�B �� �.`.� D.+#*.C !<��
��)	]=#���  ��@./<^__�`�� <J��% ��1' �./+J� �*!"

�%* .[�%*!@@ ?&=* #/= $#N.&#$�= !��*#.
$±A%*#I&
]6c[�� !@�"</K#��
��� �<�* �./+3 #.
* �� $
�� ��.3 $

�a�9�`�� <J��% ��%* ��*� �� �*!" .c��E"�� <1�.� 
	 !A�B# !@�"  �C!</K#��
�*�.E� [�%*!@ TAS*�*� <

/K �'!%#��
�%* .]�4&% � !"  � !C �&H�"1'��*
LREE �@ �+�� HREE%�!@  �J'*� ��+�� Y/Zr 7�)� 

���E"�� �= 1C�<* 1�.� 
� !" $�C<4&% �&H �J'." �* �
�1'�
�)�J	!" 1�* .NP�#�+�� 7�.@ $Zr/Nb �!� !4��)� 

&H �J'." t= G b��.3  �1' #�E"�� 1</K#��
  !@�" 1�.� 
	 !A�B#�%*.C !._�%�!@ �)�@ G b �!� ��*�.E� [�%* !@ 

Sm/Yb �La/Sm� 7�)� ���.E� �= 1C��C<	 !A�B #!< 
 !@�"</K#��
3!3 �@ #G b �!� �* Z
1d�� �&N  e<
A%*#I&–����" � �!�#&H ���1' �
�)�J	!"1�* .*
 $
"��

P�N �+�� �@#$Ce/Yb* �� 
� !" $�C<4&% ��Ef 
� ��-
K�@ !4��)�  �.'��%* ���>3 ��	 �� ����" 71��� .&�EC#$

&H�"1'��*Pb  �Ba �LREE�3  �"1'��*HREE �� 
�E"��</K#��
�@�
�)7g $J	!"�J'." �* �C<&H��1' 

� ���'*��* .^���.E� �C<	 !A�B #!< !@�"  </K#��
��
�*�.E��C<*1`
)�[.K �C<P�E"�� ��N���.S!@ <'*.f  �

���K D�2	*<]6^[�!J�" ��<[.K �C<P�E"�� ��N�
��.S!@<� �*!K �"#1�! .r�[�%* !@ ]6r[��N/N ��.S!@ #�

@!0�*  
��K.	 �%�3!= �� 7*!�–�E"�� $%.R��N <*��@ J��
/K#��
, �� �))= ��	 �N#)�@ G b �* $R�!��J'." U1�* -
<�#!>%.J<&H��1' �
�) �J	!" kN�10�K �� iK.3 �* <

�J%.N<���K *<Bg  
�J%.N �*.� �@ U1�* ?*<�E"�� �@ <
	 !A�B#!</K#��
1+3
�1' I�C�*!3 �@ �.2d �@  <B�@ <

Y&% �� �J%.N�C<�#���.S $<�%�3!= ��K.	 �–$%.R��N 
�53
 �1' TD�+�� �@�.2d �@ 7g �3 ��
!4<�E"�� �* <

J�*��@�/K#��
�53  
	 !A�B 7 �� �@ 7g T#/K !#��
 !@�" �<
/K#��
�%* �J	!" I('.

�P8"� 
]�[;�
- 1.7 I��0 �.�"	*!" !JN�	 !A�B ��.3 5�: !JN  #!<

!'
i��@g).S G!H<("E)' nB��� �0.E8� �#$$#EC�5#% 
$#�� $E8�* ?
�EC �7��!= ��4)�*� �7*!
* �%�&')�9^� (

q^9�q^].

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

12
 ]

 

                            12 / 14

http://ijcm.ir/article-1-161-en.html


1/`�����E' ���5#
�N ���{%�!@ ��C<��4� Y&% <� �#' D*!&#E�'.P:  #E���.3 �C<. . .���

]6[7 I��0 .�":.� !JN �2��W�<	 !A�B ��.3 #!<�.&� 
)D�E'!+3 G!H
5("�.% �#$#�� $E8�* ?
�EC $�%�&'

�' ��4)�*� �7*!
*#J)�@ 1��)�9_^.(
[3] Moayyed M., Moazzen M., Calagari A. A., 
Jahangiri A., Modjarrad M., "Geochemistry and 
petrogenesis of lamprophyric dykes and the 
associated rocks from Eslamy Peninsula, NE Iran: 
Implications for deep-mantle metasomatism",
Chemie der Erde 68 (2006) 141-154. 

]q[- 7b;� .;� �
- 1.�f �#$F ��*�.�"	*!" !JN�:.�� !JN  <
*���
	 !A�B e��#!<�M���K )1���!� G!��H("nB����� ���0.E8� �

EJ>C#�� $E8�* ?
�EC $#$�7��>�d* ��4)��*� �7*!
* �%�&'
)�9^6.(
]c[- ��B ��*�!+=* .�"	*!" !JN�:.� !JN  <*�
	 !A�B e#!<

." �.=<J)N�)D�E'�H*!� G!H("1'�* �%�&'��} ���%� �
!+3 ��4)�*� �<:.� !JN �5
)�9r6 (�a_�O>d .

]][2�*1f*  #[ $.�":.� !JN<*� 5�: !JN  
e�C<	 !A�B #!<
[�E�* ��W&�)D�E'�.�3 F!'("1'�* �%�&'��} ���%� �

�5
!+3 ��4)�*� �<:.� !JN)�9r6 (r6�O>d .
]_[1+0 
/�D./�@ ��@g<-.;� �
- 1.4���` �#!<*.�f �#$��*�
F.�"%�!@�	*!" !JN �' �#E���=��` �
�.J(3 ��4#(����  �

8&% ��)	�*�
	 !A�B e#!<!=
7�4&)D�E'7�K��  G!H �
�@�bg
7�8K!'�("� * �#�EC $
�� ?#$%�&'��!@��= <*
�7*!

 �7�j�*� ��4)�*�)�9r6 (�rar�r�].
]^[7 D�!#' .- 1
;� �.* <!#4���` �.�"���} 5�: !JN  �%�&'

D�E' $����g <�C!#	 !A�BF!' 1�*�.C )7�8
�@�bg 7�J%* -
�K!'("-./0 �P�EC�!" $#EJ>C  ��#@ nB��� �0.E8� �

$#�� $E8�* ?
�EC $#EC�5#%  $#�� �7*!
* �%�&'
)�9^^.(

[9] Stocklin J., "Structural correlation of the 
Alpine ranges between Iran and central Asia",
Memoir Hors serie de la Societe Geologique de 
France, No 8 (1977) 333-335. 
[10] Aghanabati S. A., "Geology of  Iran", GSI, 
Tehran, 603 pp (in Persian).  
[11] Whitney D. L., Evans B. W., "Abbreviations 
for names of rock-forming minerals", American 
Mineralogist, V. 95 (2010) 185–187. 

[12] Bergman S. C., "Lamprolites and other 
potassium-rich igneous rocks", a review of their 
occurrence mineralogy and geochemistry, In: Fiton 

J. G., Upton B. G. J., (Eds.), Alkaline Igneous 
Rocks, vol 30, Geol. Soc. Spec. Publication (1987) 
103–190.
[13] Rock N. M. S., "The nature and origin of 
lamprophyres", an overview In: Fitton J. G., Upton 
B. G. J., (Eds.), Alkaline Igne- 304 F. Guo et al., 
Lithos 78 (2004) 291–305 ous Rocks, Geol. Soc. 
Spec. Pub, vol. 30. Blackwell, London (1987) 191–
226.
[14] Irvine T. N., Baragar W. R. A., "A guide to 
the chemical classification of the common volcanic 
rocks", Canadian Journal of Earth Science 8 (1971) 
523–48.
[15] Ali S., Ntaflos T., "Alkali basalts from 
Burgenland, Austria: Petrological constraints on 
the origin of the western most magmatism in the 
Carpathian-Pannonian Region", Lithos 121(1-4) 
(2011) 176-188. 
[16] Boynton W. V., "Geochemistry of the rare 
earth elemants: meteorite studies", In: Henderson 
P., (Ed.), Rare Earth Element Geochemistry. 
Elsevier (1984) 63-114.  
[17] Sun S. S., McDonough W. F., "Chemical and 
isotopic systematic of oceanic basalts: implications 
for mantle composition and proccesse", In 
Saunders A. D., Norry M. J., (eds) Magmatism in 
ocean basins. Geological Society of London 
Special Publication 42 (1989) 313-345. 
[18] Leake B. E., Woolleny A. R., Arps C. E. S., 
Birch W. D., Gilbert M. C., Grice J. D., Hawthorne 
F. C., Kato A., Kisch H. J., Krivovichev V. G., 
Linthout K., Laird J., Mandarino J. A., Maresch W. 
V., Nickel E. H., Rock N. M. S., Schumacher J. C., 
Smith D. C., Stephenson N. C. N., Ungaretti L., 
Whittaker E. J. W., Youzhi G., "Nomenclature of 
amphiboles: Report of the Subcommitte on 
Amphiboles of the International Mineralogical 
Association", Commission on New Minerals and 
Mineral Names, American Mineralogist 82 (1997) 
1019-1037. 
[19] Droop G. T. R., "A general equation for 
estimating Fe3+ concentration in ferromagnesian 
silicates and oxides from microprobe analysis, 
using stoichiometric criteria", Mineralogical 
Magazine 5 I (1987) 431-435. 
[20] Eby G. N., Woolley A. R., Din V., Platt G., 
"Geochemistry and petrogenesis of nepheline 
syenites: Kasungu-Chipala, Ilomba, and Ulindi 
nepheline syenite intrusions, North Nyasa Alkaline 
Province, Malawi", Journal of Petrology v. 39 
(1998) 1405-1424.  
[21] Papike J. J., Cameron K. L., Baldwin K., 
"Amphiboles and Pyroxenes: characterization of 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

12
 ]

 

                            13 / 14

http://ijcm.ir/article-1-161-en.html


7* �;� ��*.S
�f �1#$���*����*� t#u0 $�f I��0 ���*� 7*!
* �%�&' ���=  �%�&'�./@ �/8� ���

other than quadrilateral components and estimates 
of ferric iron from microprobe data", Geology 
Society of America 6 (1974) 1053-1054. 
[22] Harker B. R., "Igneous, sedimentary and 
metamorphic petrology", John Wiley and sons 
(1997) 529pp.  
[23] Blundy J. D., Holland T. J. B., "Calcic 
amphibole equilibria and a new amphibole-
plagioclase geothermometer", Contributions to 
Mineralogy and Petrology 104 (1990) 208–224. 
[24] Anderson J .L., Smith D. R., "The effects of 
temperature and ƒ02 on the Al-in-hornblende 
barometer", Amarican Mineralogist 80 (1995) 
549-559. 
[25] Powell M., Powell R., "An olivine-
clinopyroxene geothermometer", Contributions to 
Mineralogy and Petrology 48 (1974) 249-263. 
[26] Aldanmaz E., Pearce J. A., Thirlwall M. F., 
Mitchell J. G., "Petrogenetic evolution of late 
Cenozoic, postcollision volcanism in western 
Anatolia", Turkey Journal of Volcanology and 
Geothermal Research 102 (2000) 67-95. 
[27] Wood D. A., "The application of a Th-Hf-Ta 
diagram to problems of tectonomagmatic 
classification and to establishing the nature of 
crustal contamination of basaltic lavas of the 
British Tertiary volcanic province", Earth and 
Planetary Sciences Letters 50 (1980) 11-30. 

[28] Muller D., Groves D. I., "Pottasic igneous 
rocks and associated gold-copper mineralization",
Sec, Updated Springer  Verlag (1997) 242pp. 

 ]6r[;�
- 1.�"%�!@��C<:.� !JN 
(�.��(�  �*.� ��.3./N#e
'!3#��<@!H�!+�* ���@�bg
�8'!4� �@ 7� 
��W&� !@ ��

8J)C#$"�N �
!J=� ���� 7�<�' ��4)�*� �#J)�@ 1��)�9^a (
96^�O>d .

[30] Ghassemi A., Talbout C. J., "A new tectonic 
scenario for the Sanandaj-Sirjan Zone (Iran)",
Journal of Asian Earth Sciences 26 (2006) 683 – 
693.
[31] Mehdipour Ghazi J., Moazzen M., Rahgoshay 
M., Shafaii Moghadam S., "Geochemicl 
characterstics of basaltic rocks from the Nain 
ophiolite (Central Iran): constraints on mantle 
wedge source evolution in an oceanic back arc 
basin and a geodynamical model", Tectonophysics 
574–575 (2012) 92–104pp. 
[32] Agard P., Monie P., Gerber W., Omrani J., 
Molinaro M., Meyer B., Labrousse L., Jolivet L., 
Yamato P., "Transient, synobduction exhumation 
of Zagros blueschists inferred from P–T, 
deformation time and kinematic constraints: 
implications for Neotethyan wedge dynamics",
Geophysical Research 111 (2006) B 11401. 
[33] Rock N. M. S., "Lamprophyres", Blackie, 
Glasgow (1991) 285pp. 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

12
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            14 / 14

http://ijcm.ir/article-1-161-en.html
http://www.tcpdf.org

