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��)-5�)y*.g3.(�#B �). �)5� � ��P	� �P8��6Zr20 �
=!}!� � ��&B �)
PV #w-( +�1#B �� ���&2� "� �56@HJ 
�

��H-5�� �).6� �8f� !� N� � �&1 "� @�)5� .-}25!�� +
�
#/�-( ���&2� +Pb �Ta��25 #/�-( �B �8�� 
�&1 �
-U�.$)�� N� � �)-5�.

6>���>�� 
�P�
@HJ "� y/�V �
20 #/�-( �!0#J �� 3�!;<= Z
�5"<0&6

=� �� �&4&�!>�) D9�: !�&8!��56���� 7�2. !7�)4 �� �p
�,� �). ���� N� � .��)��REE0#J �� �&4&� !Z

;<=
�5"<0&6,�#B ��&� ��= ��P8�� !
�&zB ��,� +
�� �*
��&2� �56@HJ 
� �). ��B ��)�!��60�1 #/�-( "� ��� ���� 
0#J!� Z
��0 +�"�,��*.: )V "� #P20 6�&B .#/�-( �&2H�
0�1�0#J �� �&4&� ���� !;<= Z
�5"<0&6,�#B ��&� �#B�#B 
�Bppmjg/ppDn/q�,� .&���60�1 #/�-( ��). ��H-�B ���� 

�)-0 �B
�#B �6;<= 
�5"<0&6,�#B ��&� ��#B 6�25 
REE�J ��5#
. �B ��&25 �8!9-� Z��B!KY ��!"� GLa �J Sm 
�,� .�8��LaN/SmN�B #B�#B kq/jDhg/p�,� )y*.g{.(

��H-5��6w� � ��#B 6Eu��&2� �� �56,�#B ��&� ��
�)
�,� �) � .#w-( )-_ ���&2�6��� �P.&$ �B �). ��H-�B !�

�#B6;<= 
��H-5�� �B "<0&69-� �Nb �Ti �Nd��H-5�� �6
�8f�Pb �Sr-U ��$).�LILE)Ba �Rb ( �� �

���&.)y*.g>.(

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

6.
2.

28
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
05

 ]
 

                             4 / 14

http://dx.doi.org/10.29252/ijcm.26.2.287
http://ijcm.ir/article-1-1098-fa.html


)'4�����2. ��N�P�B�J �����"&J 
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;3-?��wJ
N�#P*�� #�56�)-0�#= x= )BSE (=� "�!>�)D9�: !�&8!��56���� 7�2. !�) .G�� (�5�& -�6?�" !@
'0 � �!?�"&-!@
��#25 �B �
��B �)-'8��&5
�6'0!=&-!+�0�# �56��� !� �� �!9�: N�!7&8 �5) .3(�5�&'B�
� >�&/ �B )-'8��&5 "� !'0 �� ��8��!?�"&-!@
�.Hbl : �)-'8��&5

Plg/Qtz :;<=
"<0& /�@J��&0Zo/Czo :?�"!@
�/'0!?�"&-!@
��Czo :'0!?�"&-!@
��RCpx :'0!=&-!A�B +�0�#!�)��2.

,�#@<�P� 
@HJ "� y/�V �
20 #/�-( �!9�: �� 3�!7&8 �56=� �� �&4&� !>�) D�:9!�&8!��56���� 7�2. !F�� "� ���9P,� �B �LA-ICP-MS 
)Z�V #Bppm(

< ? A B C D E =E =F ?? ?A ?C ?D ?E ?F AG 
Sc pj/gn qp/gg qo/hq nj/gp ko/go ko/go o�/jh gj/kq g�/jk dn/ph gq/gg np/kh gq/hd np/hg jj/nh �j/kp 
Ti h�/dqoq dd/d�kk h�/d�pj jk/p�kh dp/jqhn oo/dohj jh/pdoo pn/dnkq po/pq�g ok/dpko hh/d�p� kk/dojn hn/djng n�/dkpn jk/dhqn hg/djo�
V go/dpj kd/d�p jg/doj kn/d�� dk/dog p�/pqp qo/doq jh/djg qq/pq� on/dq� ho/d�k hk/d�� kd/dkq gh/dkh pd/don n�/d�k 
Cr hn/pddq ko/oh hk/dgg dg/pqo qq/pkk jg/pjp ho/pnp kh/nnd kn/d�qk nq/dqk qp/ddd jk/pjn ng/�hh �q/dnp nd/gg pq/kqj 
Ni n�/pdn jk/p�q nj/pnj qp/ppp pq/pgp qq/pnh gk/don ho/djo gd/d�o od/djh jn/d�n dh/djd jp/ppn jg/d�o qq/p�� oq/dok 
Rb b.d. qj/p hk/q kk/q b.d. �o/q kd/q �o/q nn/q op/d ��/q �d/q b.d. �q/q nk/q b.d. 
Sr op/p �o/k nn/h k�/h kg/n kd/h jd/n gh/g dp/g �g/k oq/g �p/dq qg/g �h/nn hp/k k�/n
Y ��/g dk/dn og/� p�/dd no/k jq/dq �n/j �q/k kj/j qd/o qd/o kn/dd dq/� qg/dd jj/dg hj/k
Zr gn/n jp/ddhq dp/dd on/k hk/k jn/d� pp/j �j/h o�/j hj/gg ho/og k�/� gq/j dq/k qp/o gn/j
Nb pk/q jp/q ho/q kp/q hd/q jg/q nd/q pk/q n�/q jg/d n�/d jd/q no/q jd/q �k/q hp/q
Ba go/d pk/pd nj/k kp/o qk/g ng/o kp/h pk/g �n/h dg/do oq/� gk/dd pk/g oq/dd �g/h oq/n
La pq/q jd/q pk/q pj/q ng/q no/q dk/q nj/q qo/q oj/d on/q �q/q dg/q nd/q dg/q dh/q
Ce jn/q gj/d qn/d ng/d �d/q jj/d kn/q kp/q hk/q dn/g od/p pq/p jg/q qg/d nd/d hj/q
Pr dh/q nq/q dj/q nh/q d�/q hn/q dh/q dj/q dk/q kh/q jd/q hd/q dh/q np/q n�/q dj/q
Nd pg/d ho/d hd/d �d/d nd/d oo/d pq/d qg/d kd/q no/p dj/p dg/p dj/d gj/d dk/p gk/d
Sm gd/q jg/q �o/q gn/q gk/q dp/d h�/q nh/q gj/q �p/q jq/q do/d gq/q p�/q qj/d kq/q
Eu dg/q hk/q go/q h�/q pj/q hj/q pq/q nq/q ph/q pk/q nj/q n�/q nn/q np/q jq/q dh/q
Gd �j/q pq/p po/p b.d. dn/d np/d kd/d hd/d pq/d qd/d qj/p �g/d kg/q o�/d o�/d �o/q
Tb dh/q nd/q pn/q pq/q dq/q pg/q dn/q do/q dd/q dk/q nd/q pn/q pd/q d�/q nj/q dd/q
Dy qp/d og/d jk/d j�/d no/d ok/d gq/d hd/d hk/d np/d �d/d qk/p oj/d hh/d k�/p ho/d
Ho po/q no/q p�/q hn/q do/q nj/q po/q pk/q np/q po/q nd/q gk/q pn/q nj/q hj/q ng/q
Er jn/q gq/d og/q jh/d oo/q nq/d ��/q pq/d jo/q dg/d od/q nk/d qg/d hk/q dn/d j�/q
Tm qg/q do/q d�/q pd/q pp/q dk/q dq/q dg/q dn/q dk/q dk/q do/q dn/q d�/q pg/q dg/q
Yb hq/q hq/d oo/q k�/q �o/q od/q ok/q jd/q jk/q qn/d ng/d dk/d kh/q do/d nd/d qh/d
Lu q�/q pg/q dq/q dk/q q�/q do/q dd/q dq/q dd/q dg/q d�/q do/q qo/q dk/q pn/q qk/q
Hf pn/q ho/q nd/q gn/q ph/q jd/q g�/q nh/q jk/q q�/n ho/n go/q hp/q hq/q nd/q pg/q
Ta qn/q b.d. b.d. qj/q b.d. qg/q b.d. b.d. qj/q pp/q pj/q dn/q b.d. b.d. b.d. b.d. 
Pb gp/q oj/d go/q �d/q nq/q h�/q ng/q ho/q gg/q dg/d �n/q kg/d nh/q jd/q nq/q nn/q
Th b.d. dq/q b.d. qj/q b.d. b.d. b.d. qd/q b.d. dk/q qp/q dq/q b.d. b.d. qn/q b.d. 
U qd/q qj/q qp/q qp/q qp/q qn/q qd/q b.d. b.d. qo/q qj/q qp/q qd/q qd/q b.d. b.d. 
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#�-5: ��&wK� 6�,�-.�&'B �'H�N�#
� �,�-. ���0 � ٢٩٢

;3-A&���60�1 #/�-( ��5���&2� � ���� 6#w-()-_ 6�#B 6��0 ��569�: !;<= �7&8
��0 �"<0&��56=� ��#$ !'0 � >�)!=&-!+�0�# �56
A�B!��� C-, "� �)��2!�.

H���I��� � +�H�����I�+
@0#2J20 � ���� #/�-( !0#J �� �&4&� 3�!=� Z!>�) �56��&� 
,�#B�7�)4 �� p*9J �B !B Q�#6?�" !@
'0 � �!?�"&-!@
�

�,� �). �?��� .@0#2J0�1 #/�-(����� 0#J �� �&4&� !Z
=�!>�) �P� �5!� �&2H� � ��&B #
��&2� �� #/�-( +�56@HJ 
�

�#B �).6'0!?�"&-!@
"� �gp�/dd �J h�n/g��#B �6?�" !@
�
"��pd/j�Jnn�/d� � �� �2�A!'!N&�J �� !!�,� #.&���6

�1 #/�-(0����� ��H-�B�)-0 �B �). 
�)���� "� �5I4#� 
]pd[(�J �B�$).�LREE��� �� 
�B ��HREE)ddj/q–

qnh/q=LaN/YbN�#B 6'0!?�"&-!@
� �doh/q–ddd/q=
LaN/YbN�#B 6?�" !@
�(#�J �zB�� �&4� �
��8 ��&25 "�La �J 

Nd)opn/n–hh�/q=LaN/NdN�#B 6'0!?�"&-!@
� �
okh/d–jph/d=LaN/NdN�#B 6?�" !@
�(���H-5��6
KY!�8f� GEu)nh�/n–djn/d=EuN/Eu*

N�#B 6
'0!?�"&-!@
� �gjd/p=EuN/Eu*

N�#B 6?�" !@
�(. �!Z

�#B �8f�6HREE)ggj/q–nqo/q=DyN/YbN�#B 6
'0!?�"&-!@
� �gdo/q–dng/q=DyN/YbN�#B 6?�" !@
�(

� �� ��)�&.)y*.gW.(
�5���&2� ��6#w-( )-_ 6��H-�B��� �P.&$ �B �). !��

#/�-(Pb �Sr �Ba #/�-( �B �8�� ��25
�-U �&1 �$).�
"��B6� N� � �� �)-5�)y*.g~.(yB��� ���#/�-( Nb �
Th �Ti#P20 ��)�� �B �6Zr �Hf #/�-( �B �8�� ��25
�

�J �&1�$).�� N� � �)-5� .��)��Ta �� �25 ��&2� �56
@HJ
"�,��*.: )V "� #P20 �). �6�,� .,�#B��56%�H�� 

#/�-( �0 �,� ���� N� � �P	#$Pb �Sr���� 6��$"�, 6
"
��6��0 N�2P1�, �� ��56=� ��#$ !B >�) ��
?�" �X!@
� �
'0!?�"&-!@
)-P�5 �)�#B6�7�f� ]pn[(.����#	��
�� #/�-( +
'0!?�"&-!@
>�&/ �B �×PM1ddn/do –hgq/dj =Sr �

1- PM: Primitive Mantle 
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)'4�����2. ��N�P�B�J �����"&J 
20 #/�-( I!0�1 � 3��� �� ���� !�5"�	 N�6�&$#$� ��. . .٢٩٣ 

×PM onn/gk –gjk/gp =Pb ���?�"!@
�B #B�#B �×PM 
hgh/d� –phn/d� =Sr �×PM knn/gq –qjk/n� =Pb 
�,� .���
����#	 ���Ba?�" �� !@
'0 � �!?�"&-!@
B �!#���

"��B >��9J6� ��)�� �� 
0#J �� #w-( +!� Z
��0 �� +��,� .
��� ��
'0 �B ��!?�"&-!@
��Ba?�" �� >). �B !@
@0#2J �


�,� �P	� .�8��Ba'0 �� !?�"&-!@
�B �Ba?�" �� !@
�� �
��&2� �56@HJ 
"� �). �q�o/q�Jgdn/q�J �� !!�,� #.

������������ 
�� 
! �)�$ :�9 �$ "#�
��.
�P�
@HJ "� y/�V �
20 #/�-( �!0#J �� �&4&� 3�!Z
'0!=&-!+�0�# �56A�B !-, "� �)��2��� C!7�)4 �� �n�?��� 

�,� �). .'0!=&-!+�0�# �56A�B !���� �)��26���� 
z,&P� #�
��$"�, #/�-( "�Sc)ppmoh/dqo Dhg/pk(�V)ppm

q�/doh D��/kp(�Ni)ppmog/dpd Dko/hk(���� �
�P� #!#
"�Cr)ppmnq/dqhgDnn/nj(���� �
�= #!
+REE)�&2H�

REE�#B 6��&2� �56@HJ 
�). �"� #P20 �� �� �2�A !'!N&
�,�(���� �
�= #!
+LILE)"� #P20ppmdq (���� �
�= #!
+

HSFE @4 �B Ti)ppmpq/dphqD�p/njp ()-P�5 .&���6
0�1 #/�-(��)-0 �B �). ��H-�B ���� 
�)���� I4#� "� �5

]pd[(. �B!�8f� � b0 Z)nq/q–dq/q=LaN/SmN(�
&���6"� ��&25 ��P8�� Eu �J Lu)gj/dDjk/q=TbN/YbN(

� �� ��)�&.)y*.g�.(� ��
#/�-( ����&2� +Nd �Eu 
��H-5��69-� �KY!9�� N� � �)-5� .#w-( )-_ ���&2� ��6

��� �P.&$ �B �). ��H-�B!#/�-( ��Th �Nb��H-5�� 69-� �
�Pb��H-5�� 6� N� � �8f� �)-5�)y*.g�.(

,�#@=�P�
y/�V �@HJ "�
20 #/�-( �!��0 �� �&4&� 3���56;<= 
?�" �"<0&!@
'0 � �!?�"&-!@
=� �� �!>�) D9�: !�&8!��56���� 7�2. !�
F�� "� ���9P,� �BLA-ICP-MS)Z�V#Bppm.( 

;<=
"<0& ?�"!@
� '0!?�"&-!@
�
dd dk pd pp pn pj nq np dq dh dj pg nd dn dg

Sc b.d. k/p b.d. b.d. b.d. b.d. b.d. b.d. �h/dg qj/p no/h bd. ng/pd o�/j g�/pk
Ti b.d. o�/ngh nn/ddq �j/dpq pk/hd gd/gk �d/pjj b.d. nn/h�g jn/nnh b.d. qo/gjpk dh/jjk �h/non pn/jhp
V dn/p do/p pn/dq no/po hp/n b.d. kg/n j�/q q�/gn jn/o oh/d� hd/dd hj/hj ko/pq qp/kp
Cr h�/gp op/nhd hn/dkk nn/��d pg/hd no/�p nj/ddq �q/go dj/gj og/jd dg/jh qp/gp oo/hq kh/gq qk/go
Ni b.d. ph/g nk/dq kd/nd �j/p b.d. go/p ho/p hj/d� b.d. d/j hd/p nk/dp b.d. b.d. 
Rb hh/p hp/pq hh/h hg/dp hj/d hn/q dg/dg hg/d oo/q g�/q kk/d �k/d b.d. jh/q b.d. 
Sr pd/pkj o�/djd on/pn� gn/nnq pg/nd� pj/ngg gk/pno pp/npn no/njn pn/njn qg/njo ng/n�q k�/nnq dg/npo gq/nhj
Y ph/q nd/h �k/q go/q po/q b.d. kj/n dn/q pg/o nn/j gn/n d�/h od/pn �q/o oo/p�
Zr b.d. qk/d�� no/np go/dp g�/h b.d. ��/ddp b.d. jo/h k�/g ho/n �h/h nk/dq �n/h �g/dn
Nb b.d. nd/d n�/q b.d. q�/q b.d. dj/d b.d. dq/q b.d. b.d. b.d. b.d. b.d. b.d. 
Ba qg/jq jk/g�q dj/dqn nq/dqk j�/jg gn/doo dq/pnn �q/ghg nj/�� qn/kd ng/hj gj/nj np/j k�/d� n/k
La qo/q qd/j dn/d gj/q nq/q pd/q �d/n np/q po/q po/q p�/q nk/q gd/q dq/g pj/q
Ce dq/q jp/k ko/d �n/q jk/q pp/q pd/j pk/q �g/q np/q nq/q hh/q nk/d od/j kj/q
Pr qn/q pd/d po/q b.d. qh/q qj/q ��/q b.d. dk/q qh/q b.d. q�/q pg/q �j/q dq/q
Nd qn/q ho/g kg/q b.d. b.d. b.d. jk/p do/q p�/q ng/q nn/q do/q pd/d nj/n op/q
Sm b.d. gp/d pn/q od/q dk/q b.d. gq/q b.d. p�/q b.d. b.d. b.d. d�/d jq/q gh/q
Eu b.d. ng/q qk/q b.d. b.d. b.d. dk/q b.d. hp/q jj/q pq/q hh/q kd/q k�/q oq/q
Gd b.d. b.d. dg/d b.d. q�/d b.d. b.d b.d. hp/d b.d. b.d. b.d. ok/p b.d. g�/d
Tb b.d. q�/q qj/q d�/q b.d b.d. qo/q qg/q dp/q qh/q qo/q qh/q no/q d�/q np/q
Dy b.d. do/d g�/q go/p pp/p b.d. jo/q b.d. dg/d nd/q g�/q qn/d qq/n hh/q oo/p
Ho b.d. qo/q qh/q b.d. b.d b.d. pp/q qh/q gd/q dn/q dq/q dn/q ��/q po/q �h/q
Er b.d. b.d. nq/q b.d. b.d b.d. hp/q b.d. dp/d kk/q gg/q kq/q �p/p gp/d qn/g
Tm b.d. qo/q b.d. b.d. b.d b.d. q�/q qh/q p�/q dh/q qk/q qk/q go/q pd/q hn/q
Yb b.d. b.d. b.d. b.d. b.d b.d. g�/q b.d. kk/d g�/d oj/q d�/p n�/g pk/p dh/h
Lu qh/q b.d. b.d. po/q b.d b.d. qo/q b.d. nh/q gd/q dgp/q ng/q jh/q n�/q �j/q
Hf dp/q qk/g hq/q b.d. pg/q b.d. hh/n b.d. gj/q pg/q dq/q nd/q nn/q dk/q gq/q
Pb qg/q pk/q b.d. b.d. qn/q b.d. dj/q b.d. kd/h dd/j qn/j do/k nk/j ko/j jo/j
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