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�C !@�"��/��  #4��#�+�� $(La/Yb)N��	 !A�B #�C!
{�/���* ��  #.
�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](.

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

12
 ]

 

                            11 / 14

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


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 #��=  ��-
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