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<#" �� : `&.� ����� ?�> )�,]a�b.[�!��; �7 YO���
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∗�.'; �U&m�� �)#�
&� :daAafpa^AB^ 7�8� �:Wq�qr�qs�Vq��*��� C*�, ��= :moussanoghreyan@yahoo.com 

� ���7 U�"9+$ t��8$ �%&" �4�
�= �ruR./ �, �V�r ;�VvW 

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

6.
3.

56
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

6-
13

 ]
 

                             1 / 14

http://dx.doi.org/10.29252/ijcm.26.3.567
http://ijcm.ir/article-1-1141-fa.html
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�!� �� x $ ,� -�74�� <#" � �
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, R/ ?�>?�,� 7��&g#� �7�"� 7 -
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?�4�� �)#
�" 	 �
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��z�.3 ?�8"I= �� 3 �#" �)$ � �
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, .�"� 7��! ���� ?�>�"�#$ -�+�  �L,

�� ��&@ ��#j �: )>� �z �)8( ���� �� �� �"&���1, ?�>
���= H�",��DX�"�; :��+�= �)$ J�*+; ���= �"�; : �-

��&@ �
, -)$ �C�7 � )�, �; H�w���4� �z �"&���1, ?�>
 ��",��, �7 �7 ( �R./ ��&L 7 �7 �, 8> �"&m��=��,� �� �",

]��Xsv.[�j !,��,&; �C��&�	, �,�45" C+�7 )#��� 
�(&8M� ��� �", �C�
� 9>�� Y�&/ �7 -, 
, �C��&�	, ?�>

<#" �8> J��$ )@,� H
 �)##: K�+� �: �", �
�>
 �", J��: �C��&�	,)J*$A2(.<#" �C$&! ?�> �
, ?,

��,&;  C+�7 �", ����� � � ����� �8: � �
D�&7���> J��$ .
<#" �
, 6�7 � )��,� ?��
� Q C�! �> �
, �'/, ��,&;

�� J�*+; ,� �C��&�	, )#>� .�")( �� ���� : �, �!�47 ?�>
����� 7 �>��i
� �)
� �C��&�	, ��,&; �
, �7 G 6�7 ��

�� �&$ .H
,� �z�#� ��P7 �� ��
� 7�!� *�� �?��7�
� ?�>
��;�)
 = �
, �C��&5�.�T � ?)�w&;�80= �� : oc1 ,� �> �: )�,

�7�&z �w43���� �7�)$ J
)5; �
i )�, .�!� �, �
�>
 ��#�:� �= 4����;�)
 = �
, �>�� oc1 ,�)##: .
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:0�;)��, ( = �+��  7 �,�45" ���&�	, ��0
�3�!)#�, ���&�	, �>?�-, 
, �� H�w���4� o3 � �, �C	 ! 7]^f[Y, ��\; �:)�, �7) .2(�+��
���� �,�45" U�8$ �C��&�	, �,&� �, ���" �"�#$ �+�� h�",  7 �"�#$ ���� ?�>Addddd/A�,�45"]^p[)�� 	 �]ad[o3 � �, �C	 ! 7 �]^e[

Y, ��\; �:)�, �7 .

��;�)
 = �C$&! ?�> J
)5; ��#�C��= " �7 ?��
� )@ �; ?,
�)$ �"� 7 � )�,�� -�+� �
, R/ ?�> <#"  
�" �: )>� ?�>

��;�)
 = �
, -��� �,�45" ���&�	, ��= " ?�> ���#$ �)$ �#�C
)#C�> .�C"&= 6�7 J��$ �C��&�	, ��,&; �
, ?,

��;�)
 = �$�5�, ?�>�
O ?� 7�! �<#" �� 0���8> ?� 7�! �?,
H
,� �C
 �� ?�>XH
,� ����, !&
DI= ��
� 7�!� *�� ?�>
�R./ <#" �?, ���+.+;T ����+.+;T ?�>X�7&"� � �7&"�
�", .<#" �,�45" ���&�	, ���+.+;T ?�> 6�7 ��  C+�7

-� �7 ��,&; ���8$��&; � �+��7 Y�&/ �7 � )��,� �!�� ?,
�� �)
� )�&$ .<#" J��$ 4�� �,�45" ���&�	, �7&"� ?�>

H>T J��	 ?�>�M� �,�Y j � ?, �: �", �
�O&
�,� ?�>
<#" �7 �, 8> ��7 Y�&/ �7 ���+.+;T ?�>�
O 6�7 ?,

���+.+;TX�� ,� ��,&; �7&"� )���".�(&8M� �� ��#�8>
��&; �,�45" �C��&�	, <#" �, �
�> ���$ J��$ ��&! !� ?�>

��7T ���$ ����$ �*�� �45" ����&5�.�T  � � � ���&�, !
 o1,� ��,&; �1 $ � ?4: � 6�7 ��  C+�7 �: ��,� �&3�
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� ����8@�� � �*� �-��w ��,� -, 
, �"�#$ ���: � �"�#$�&'7 �'M� VrW

�)$ )�, .���&�	, �: )
� ! K�+� �*#
, �, Z= �, �;�Pc1 �>
<#" �)#C�> �"&���1, � :-T �"� 7 �7 �1I( 6
,4	, ����7 �>
�	�
 .���&�	, o1,� �� �(&8M� �> �8�1 �7 �: )#C�> �
�> ?�>

 � �"&���1, �C"&= ��8(�C$&! � ��&7 �5c#� �
O�77��&z 
�� � )#C�> h C"� J7�1  �G U&8P� -T �, -,&; �;�(Iz, �>

���T �")7 h C"� J7�1  �G �"&���1, x&c" ��&� �� .��
U�" <#" � �L, ?�> �C$&! H�	��, 	 ?�> �� �&3&� ?,

�(&8M� 6>�i= �, ?����7 �&�&� �C��&�	, ?�> 9�� ?�>
��&7)�, .�!i
� �"� 7 <#" ?�>���: ��"�#$���� � �"�#$-

<#" �
, �
��8�$ )#
, 	 �7 �c7,� �� ,� �;�(Iz, �> 2�` ?�>
2�` �3�� ��+�7��; � �+�7 ��#�8> � �C$&! �!)$

�6#:, U��" �
 � 2,l� �7 <#" ?�> ?���� !� ����P	 ��>
���� S�R� � �C$&! �#08>�� ��C$&! �'/, �CL�")�#�= ?�>

�C+= �
 6�,�� 	, 	 �"&���1, -��� ?�> (�C��&�	, �(&8M� �:
�� 9>, 	 �", �)$ J�*+; -T �� �� �: )##: y�� �� )�,&;

�(&8M� ��#j J��*; � �
&*; �0�&0j  C+�7 �>��&� �

� �! �, 1 ���.C", .�!i
� �"� 7 �7 �� 6>�i= �
, �� ?�> 

<#"�!� ���: �8�$ � ?��0� �
D�&7���> � �
)��=&
� ?�>
U��" Q� ! � *'8( �, �+�7 �-�74�� � O�7 ��� �7�� ! ?�>

�)�T 7 ?���� !� ����P	 -��7 �
O�7 �C$&! �� ,� -T �,
�� 9�#:.

���<� 
�� " 
���3= >��"� 
�,�45" ���&�	, �1 $ 6�7 �� o1,� ����8�'" �1 $ 2&#3 ��

)J*$A2(�!� 45" �; )�." <�� �7 �
)��=&
� �, �
�>
9: ��)@ ?�#�= �7 <��AXAB�C��" C� ���
D�&7���> ?�>

�#�C��= " ��,� �&3� �C$&! �)$)J*$^.(�"� 7?�> 
�� -�+� �
, R/ �!� �
, �: )>� �*5$ ��> � �, ?,��� ?�>

��+�= S"&; �: )#C�>����, 	?�> ��&'5;�)�T 7 Q� ! �,
�0C�*$ �
, �� U��" �
 2,l� �)$  = ��> )�, .�!� �
, � � �7 �>

 ��c#� ?�#�= � �", �M
�); �8: �; }�,� -�74�� <#"

�'�� )#j �, U��C�, �C��" )#j �;  C� ��  ��\;  C� )#: .�!� �>
�	�7 -��*", �7�+� �
�> >���> �� ��
 � �;���M� ��&! !� ?�>

�
i���� ��&; �� �&3&� ?�> �#�C��= " ?�> )��,� �)$ .4: �
�!� �>H�C"I7&�, ! �� -�+� � )>� C+�7 J��$

�!� S"&; �: �", ��:� �=&#�': oc1 Y�#7 : ?�>�)$ �", 
)J*$?�> a2 � ��, .( � K��L ��:� �=&#�': ��7 � �

P� -�74�� ��;�)
 =�	�7 �'�"&7 � �", �M
�); NO&8 �>
���:� �� K�+� �
40
�3 ?�> �&$ .� 9: ��c#� H
 � � �
,

 6�7Q C�! ��
&��, �, �
�>�&'74
� J��$ �C	�

 �	�7 �7 ���&� ; � Y�#7 : ��
 ': ���C��= " ���:� �=&#�':
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�� )"� �:�C
i���� )#
, 	 �z ��:� �=&#�':  ;�,)
�= -)$
��,� Y�&/ �7 � �", �>�O&", !��)�> ��7 �� Hj&: ?�>

�", �)#:, = .,  7 -�74�� �
D�&7���> h�"��0
�3 ��*
�4�7�
�!� �� -�+� ,� ���" !� �, �;��.C� Y�3�� �> )>���7?�&z 

�� �:�*
�4� �!� �#�C��= " �> �",  ;)
)$ -)$ .-�4	,  7
�
,��*�?�>�&'7 �$�� �, �
�>I=D�I:&
 � �)$ -�" !�

 �7 ��:� �=&#�':��5���� �)
� -�74�� <#" �� ��C��= " ?�>
�� �&$)J*$?�> b��,XY.(�
, ���6>�i= �
,

��;�)
 = �
D�&7���> �7 ��
��� �� �> ��; U&8P� ?�> �)$
�#G �
D�&7���> -,&#( �7 �C$&! �)$��� �", �)$ ?)#7 .�
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�!� �'�"&7 ��#�8> �>)@,� ?)�w&;�80= �
�&�� 7�! �, �
�>
�)$ oc1)�,.

:0�?�!� �, �
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��~; �
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D�&7���> -��� �)$ ����8�'" �1 $ 2&#3 ��.

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

6.
3.

56
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

6-
13

 ]
 

                             4 / 14

http://dx.doi.org/10.29252/ijcm.26.3.567
http://ijcm.ir/article-1-1141-fa.html


)'3s����8$ �q�4�
�= �q�r <#" ?�>� 7��:���: �8�$ �
,� �
)��=&
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:0�@�!� �, �=&*"� *��  
��~; �
)��=&
� ?�>) :��, (H�C"I7&�, ! �	�7 ���: �!� 4: � �� ��:� �=&#�': ?�>) .2(H�C"I7&�, ! �	�7 
", �)$ J
)5; �O&", !��)�> �7 �: �I:&
DI= �, �#G ��,&
� � �!� 4: � ���) .Y � �:(�!� ���#: �� �	���, � ?�,�T 6#; �	�7 .?��~CL, 9wI(

���: �> 7h�", o3 �]Aa[�",.

:0�A�!� -�74�� �
D�&7���> �, �=&*"� *��  
��~; �
)��=&
� ?�>)�#G �
D�&7���> �)$) (��, X�(�*� �$�� ��:� �=&#�': ?�> �7 �&'7
��5���� &7���> �� ��C��= " ?�> -�74�� �
D�)�&� �� 2  
&~;PPL �", �)$ ���;) .(Y(�*� -�74�� �
D�&7���> �� �)$ -�" !� �I:&
DI= ?�>
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� ����8@�� � �*� �-��w ��,� -, 
, �"�#$ ���: � �"�#$�&'7 �'M� Vrs


��	 
��� 
�'/,  /�#( :��,�?�> � �$�,� =4
� �
4M; �, J/�@LA-

ICP-MS �
)��=&
� �� -�+� �> �: )>� F�: ;
 ��:� �=&#�': ����&8��'C�� ?�> ��C@

��:� �=&#�': � ?�>� ��\C� ����7 �=&*"� *�� oc�� H
 

�",)U�)3 ?�>A�a.(�7�&3� �&3&� ��:� �=&#�': ��
,
��&8� �8> �� )��=&
� �&� �, �>(Wo44.90-46.57 En49.04-49.98 

Fs3.40-4.83)�", .-T %&
4�#� �)( �>(Mg# = 100*Mg/Mg 
+ Fe2+)����7 O�7)f�/pB Xef/pf (��",���@ ���:��,)� 

-T %� : � -�C�; �9
)" �%&�#��&�T �>����7 �", ��
�= .

("�B C�
�C� �
4M; ��:� �=&#�': �$�,� =4
�(Cpx) �U&5�.�T(Amp) <#" �� �"� 7 ��&� ?�> U&� 	 � ���
�= ?��(, �5"�R� �
?��CL�"-T�7 �>  ;F�;  7 �
�=��^a9;, -i��:,.IHz :�#G �
D�&7���> ��)$Di : ��
)��=&
�DHz :��; �
D�&7��> ��)$Pg-vein : �!�

 � ?)�w&;�80= �
�&�� 7�!Ol-Ga-Nr :�
�&�� 7�! �
&��,.

<#"�"�#$ Di Di Di Di Di Di IHz IHz DHz DHz DHz Pg-vein Pg-vein Ol-Ga-Nr Ol-Ga-Nr Di Di 


��	 Cpx Cpx Cpx Cpx Cpx Cpx Cpx Cpx Cpx Cpx Cpx Cpx Cpx Cpx Cpx Amp Amp 

����� *���� P-7 P-7 P-7 P-7 P-7 P-7 P-7 P-7 DU2-1 DU2-1 DU2-1 P6-1 P6-1 g-75 g-75 P-7 P-7 

�8+� *���� 1 2 3 6 7 8 13 14 26 27 28 11 12 18 19 15 16 

SiO2 (wt.%) 53/25 53/11 54/00 54/12 54/46 54/21 53/6 52/66 53/5 53/29 53/44 52/98 54/23 52/11 52/3 57/33 57/22

TiO2 0/40 0/51 0/35 0/16 0/14 0/21 0/56 0/52 0/08 0/06 0/09 0/10 0/06 0/38 0/26 0/15 0/05 

Al2O3 1/48 1/64 1/34 0/86 1/01 1/26 1/52 1/76 3/01 3/25 2/09 2/22 1/41 1/93 1/36 1/14 1/04 

Cr2O3 0/01 0 0/01 0/03 0/03 0/15 0/17 0/01 1/26 1/21 1/11 0/7 0/7 0/34 0/22 0/05 0/08 

FeO 3/2 3/06 3/05 2/28 2/24 2/39 3/05 3/1 1/05 1/06 1/23 2/95 2/8 6/12 5/14 2/44 2/49 

MnO 0 0 0 0 0 0 0 0 0/07 0/11 0/06 0 0 0/16 0/14 0 0

MgO 18/08 18/2 18/4 18/15 18/41 18/27 18/16 18/09 17/17 17/54 17/01 17/17 17/46 17/7 16/44 23/22 23/38

CaO 23/24 23/22 23/11 23/85 23/6 23/53 23/51 23/06 24/5 24/31 24/88 23/04 24/31 21/8 23/57 13/62 13/49

Na2O 0/23 0/23 0/21 0/18 0/16 0/23 0/27 0/24 0/06 0/04 0/09 0/23 0/12 0/26 0/20 0/23 0/25 

K2O 0/04 0 0 0 0 0 0 0 0/01 0/02 0 0 0/01 0/02 0 0 0/05 

D��E& 99/93 99/97 100/47 99/96 100/05 100/25 100/84 99/77 100/71 100/89 100/59 99/39 100/87 99.90 99/72 98/18 98/05

Si 1/942 1/935 1/953 1/972 1/972 1/961 1/937 1/924 1/924 1/913 1/940 1/940 1/955 1/908 1/936 7/813 7/807

Al IV 0/057 0/0646 0/0465 0/028 0/028 0/038 0/062 0/076 0/075 0/086 0/059 0/059 0/044 0/0832 0/0593 0/183 0/167

Al VI 0/0058 0/005 0/010 0/009 0/015 0/015 0/002 0/001 0/0523 0/051 0/030 0/036 0/015 0 0 0 0

Fe3+ 0/071 0/071 0/046 0/036 0/024 0/035 0/066 0/070 0 0/001 0 0/021 0/022 0/132 0/090 0/095 0/124

Cr 0/003 0 0/003 0/001 0/001 0/004 0/004 0/003 0/036 0/034 0/032 0/020 0/020 0/010 0/006 0/005 0/008

Ti 0/011 0/014 0/009 0/003 0/004 0/005 0/015 0/022 0/002 0/002 0/002 0/003 0/001 0/010 0/007 0/015 0/005

Fe2+ 0/025 0/021 0/0459 0/032 0/044 0/037 0/025 0/024 0/031 0/030 0/037 0/069 0/061 0/053 0/068 0/182 0/160

Mn 0 0 0 0 0 0 0 0 0/002 0/003 0/002 0 0 0/005 0/004 0 0

Mg 0/983 0/988 0/992 0/986 0/993 0/985 0/978 0/985 0/920 0/939 0/920 0/937 0/938 0/966 0/907 4/717 4/756

Ca 0/908 0/906 0/895 0/931 0/915 0/912 0/910 0/902 0/944 0/935 0/968 0/903 0/939 0/855 0/935 1/988 1/972

Na 0/016 0/016 0/015 0/013 0/011 0/016 0/019 0/017 0/004 0/003 0/006 0/016 0/008 0/018 0/014 0/060 0/066

K 0/002 0 0 0 0 0 0 0 0/0004 0/0009 0 0 0/0004 0/0009 0 0 0/008

D��E& 4/02 4/02 4/01 4/01 4/00 4/01 4/02 4/02 3/99 4/00 3/99 4/00 4/00 4/04 4/02 15/06 15/07

Wo 45/30 45/23 44/90 46/57 46/04 45/93 45/52 45/15 49/62 48/91 50/03 46/40 47/66 42/12 46/30 

En 49/04 49/33 49/75 49/32 49/98 49/62 48/93 49/28 48/39 49/10 47/60 48/12 47/63 47/59 44/94 

Fs 4/83 4/62 4/60 3/46 3/40 3/63 4/58 4/70 1/77 1/84 2/02 4/62 4/27 9/37 8/04 

Ac 0/81 0/81 0/73 0/63 0/56 0/81 0/94 0/85 0/21 0/14 0/32 0/83 0/42 0/91 0/71 

Mg# 97/46 97/87 95/62 96/78 95/76 96/36 97/44 97/58 96/67 96/877 96/10 93/16 93/84 94/81 93/06 96/27 96/75

Note: FeO* = FeO total; Mg# = 100*Mg/(Mg + Fe2+). 
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 �
D�&7���> �� �&3&� ��:� �=&#�': �7 ��
�����;�)$ 
)��&8�DU-2-1(�,)�� �Al2O3�Cr2O3�  C8:TiO2 ;O�7

 )��,�)J*$B.(�!� 4: � �� NO&8P� U&5�.�T �
)��=&
� ?�>
 ���#: �� � )��,)� �&3��!� -�74�� <#" �7 h�8; JR� �� �>

 �)
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DI=
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, ��;�&�T �, �� �&3&� �I:&
DI= �7
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DI=
�!� �� �&3&� �7  C+�7 -�74�� �
D�&7���> � �
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� ?�>
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)��=&
� �#G �
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, F�: ; �7 �)$ = � C�! �, ���L � �", Y��.C� �
�`T ?�> �� �&3&� ��:� �
H
,� �, 1 H�	�� ?�>��� �! ]aA.[�
)�=&
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� ����8@�� � �*� �-��w ��,� -, 
, �"�#$ ���: � �"�#$�&'7 �'M� Vr�

("�B G�
�C� �
4M; �$�,� =4
� �I:&
DI=(Pl) �O&", !��)�> �(Hgr) <#" ���"� 7 ��&� ?�> ?��CL�" U&� 	 � ���
�= ?��(, �5"�R� �
����T �7 F�; ;  7 �
�= e�A^9;, -i��:,.IHz :�#G �
D�&7���> ��)$Di : � �
)��=&
�Ol-Ga-Nr :�
�&�� 7�! �
&��,.


��
���� Di Di Ol-Ga-Nr Ol-Ga-Nr 
��
���� Di Di IHz IHz 

��	 Pl Pl Pl Pl 
��	 Hgr Hgr Hgr Hgr 

����� *���� P-7 P-7 g-75 g-75 ����� *���� P-7 P-7 P-7 P-7 
8+� *����� 4 5 1 2 �8+� *���� 9 10 24 25 

SiO2 (wt.%) 43/21 42/63 45/4 44/65 SiO2 (wt.%) 29/68 30/75 31/13 30/43 

TiO2 0/03 0/01 0/07 0 TiO2 0 0/04 0/01 0/01 

Al2O3 35/81 36/29 34/64 34/74 Al2O3 21/46 21/36 18/29 21/32 

Cr2O3 0 0 0 0 Cr2O3 0 0 0/04 0/03 

FeO* 0/31 0/37 0/23 0/35 FeO* 1/22 1/39 9/93 5/91 

MnO 0 0 0 0 MnO 0 0 0 0

MgO 0/08 0/05 0/10 0 MgO 1/25 0/83 4/77 2/24 

CaO 20/17 20/58 18/26 18/87 CaO 36/87 37/63 28/2 31/75 

Na2O 0/21 0/15 0/92 0/82 Na2O 0/02 0/03 0/03 0/05 

K2O 0/01 0/01 0/06 0 K2O 0 0 0 0

D��E& 99/83 100/19 99/68 99/43 D��E& 90/5 92/03 92/4 91/74 

Si 2/01 1/98 2/095 2/069 Si 2/540 2/587 2/609 2/563 

Ti 0/001 0 0/002 0 Al IV 0/459 0/412 0/390 0/436 

Al 1/966 1/991 1/886 1/898 Al VI 1/713 1/714 1/453 1/703 

Fe3+ 0/005 0/006 0/018 0/027 Ti 0 0/0025 0/0006 0/0006 

Mn 0 0 0 0 Cr 0 0 0/002 0/001 

Mg 0/004 0/003 0/007 0 Fe3+ 0/087 0/097 0/480 0/263 

Ca 1/006 1/026 0/903 0/937 Fe2+ 0 0 0/216 0/153 

Na 0/019 0/013 0/082 0/074 Mg 0/159 0/104 0/596 0/281 

K 0/0005 0/0005 0/004 0 Ca 3/381 3/392 2/532 2/865 

D��E& 5/012 5/025 4/998 5/005 D��E& 8/341 8/310 8/282 8/269 

Ab 1/84 1/30 8/33 7/29 �������H 5/15 5/67 27/62 15/39 

An 98/09 98/64 91/32 92/71 �I��"�! 88/56 90/30 49/39 73/52 

Or 0/05 0/05 0/36 0 J"��� 6/27 4/02 22/84 10/97 

J: FeO :FeO* 
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 �, �L,&#*
La �;Sm �� -�+� )>� .-T�; ��/ ?&0�, �>
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,  7 -�
�!� �� �I:&
DI= �)��,� 7�� ?�>)P-7-1 �P-7-3 (

�7 �.#� ?��M#>Eu �� ��!�?�> �I:&
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�7 �5�� ?��M#>Eu �� -�+� )>�)J*$���,.(�
, �7
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�
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� � C�! �� �
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)J*$�Y(�!� ��:� �=&#�': �7 �5�� ��
�&�� 7�! ?�>

 �� ?)�w&;�80=�>�
D�&7�� �C$&! �$�5�, �
�&�� 7�! �
&��, �
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��	 Pl Cpx Cpx Cpx Cpx Cpx Cpx Cpx 

����� *���� P-7 P-7 P-7 P-7 P-7 P6-1 DU2-1 g-75 

�8+� *���� 2 5 1 3 4 1 1 2

Li (ppm) 0/2200 0/7000 0/2210 0/3360 0/3150 2/5300 3/5800 0/6870 

Sc 0/7900 27/900 0/8400 7/3000 1/4000 27/480 24/120 41/800 

Cs 0/0270 0/0320 0/0170 0/0490 0/0230 1/4000 0/0190 0/0020 

Rb 0/1180 0/0590 0/1080 0/0800 0/0280 1/4000 0/0380 0/0170 

Ba 0/0650 0/2300 0/0440 0/0150 0/0280 0/1800 0/0390 0/0680 

Th 0/0004 0/0257 0/0031 0/0065 0/0030 0/0034 0/0044 0/0017 

U 0/0001 0/0098 0/0010 0/0030 0/0007 0/0008 0/0002 0/0003 

Nb 0/0041 0/0230 0/0037 0/0026 0/0025 0/0015 0/0036 0/0044 

Ta 0/0006 0/0023 0/0007 0/0013 0/0005 0/0005 0/0005 0/0007 

La 0/2600 0/1770 0/1152 0/2290 0/1581 0/0200 0/0005 0/0600 

Ce 0/6500 0/7000 0/6100 1/4500 0/8250 0/1000 0/0030 0/2880 

Pb 0/0030 0/0190 0/0035 0/0005 0/0070 0/0230 0/0270 0/0162 

Pr 0/0930 0/1270 0/1330 0/3680 0/1740 0/0300 0/0007 0/0704 

Sr 3/1000 1/7410 5/8600 5/3000 3/2910 2/0300 0/1270 4/3500 

Nd 0/4600 0/7300 0/7200 2/2100 0/9640 0/1760 0/0026 0/4540 

Zr 1/9600 2/8000 9/6000 17/100 3/2600 0/5670 0/0120 1/6800 

Hf 0/0840 0/1270 0/2600 0/7830 0/0900 0/0360 0/0080 0/0790 

Sm 0/1370 0/3760 0/2580 1/1940 0/3540 0/1350 0/0076 0/3272 

Eu 0/1030 0/1725 0/0820 0/2910 0/1542 0/0570 0/0090 0/1250 

Gd 0/1630 0/7190 0/3140 1/6000 0/4500 0/2830 0/0380 0/5120 

Tb 0/0260 0/1461 0/0574 0/3090 0/0851 0/0560 0/01360 0/0980 

Dy 0/1900 1/0590 0/3890 2/1900 0/5510 0/4240 0/1550 0/6900 

Y 1/1200 5/7020 2/3800 11/970 3/2100 2/1500 1/0460 3/6900 

Ho 0/0380 0/2364 0/0900 0/4830 0/1230 0/0980 0/0411 0/1460 

Er 0/1090 0/6620 0/2570 1/4100 0/3520 0/2770 0/1550 0/4200 

Tm 0/0160 0/0931 0/0380 0/1960 0/0528 0/0410 0/0282 0/0584 

Yb 0/0970 0/5830 0/2900 1/3700 0/3830 0/2900 0/2110 0/3740 

Lu 0/0135 0/0840 0/0490 0/1840 0/0683 0/0360 0/0270 0/0564 

Eu/Eu* 2/0900 1/0100 0/8700 0/6400 1/1700 0/8800 1/0600 0/9300 

(La/Sm)N 0/2799 0/2950 0/2798 0/1202 0/2799 0/0919 0/0412 0/1149 

(La/Yb)N 0/2858 0/2102 0/2750 0/1157 0/2858 0/0473 0/0016 0/1110 

(Gd/Yb)N 0/9711 1/0193 0/8949 0/9653 0/9711 0/8066 0/1484 1/1315 
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