
(Received: 13/12/2008, in revised form: 14/7/2009) 

The evolution mechanism’s of Zahedan granitoidic batholith,  
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Abstract: Ellipsoidal huge granitoidic batholiths of Zahedan, with NW-SE trending, located in 
south of this city which is intruded in low metamorphosed Eocene flysches (eastern Iran flysch 
zone). This batholith has two compositional terms: an extensive intermediate-acid term includes 
diorite - granodiorite with igneous source (I- type origin) and a low extent crustal and hybrid 
origin acidic term (H-type) mostly contains biotite-granite. The intermediate-acid I-type term has 
calc-alkaline and metaluminous nature, enrichment in LREE and LILE and depletion in HREE 
and HFSE. The negative anomalies in HFSE and positive anomalies in LREE, LILE and 
especially Pb revealed an igneous mantle origin, especially the role of Sistan subducted oceanic 
crust and its overlaying mantle wedge in the genesis of this batholith. Also, the role of the 
continental crust (flysch and greywack metasediments) in contamination of magma has been 
proved. In addition, the same evidences indicate a calc- alkaline, peraluminous nature, a crustal 
(resulted from partial melting of flysches and greywacks) and an hybrid origin (mixing of the 
differentiated part of I-type magma with the anatectic crustal acidic melt) for acidic biotite 
granite term. Present day 87Sr/86Sr ratios of three samples of this batholith vary from 0.7049 to 
0.7065 and their initial 87Sr/86Sr ratios range from 0.7045 to 0.7047 with average 0.7046, verifies 
these different sources. These data confirm an I-type magmatic origin (melting of mantle or 
lower crust) for the diorites-granodiorites. Discriminative tectonic diagrams also indicate a 
volcanic arc granitoids setting (VAG) for this batholith. Andesitic-dacitic dikes with same 
composition to intermediate-acid I-type term occur in this batholith and its metamorphosed host 
rocks. These dikes are comagmatic with I-type part's of the pluton and show a syn-to late 
relations with formation and intrusion of the pluton. 

Keywords: Granitoid, batholith, Zahedan, Iran. 

�� �����	
��� 
 �����
�� 	���� ���� 
� �
 ����� 	�����  !��" #�$ ���%& � 
�'(�)*��'� ��.

*Corresponding author, Telefax: +98 (0273) 3396007, E-mail: h-ghasemi@shahroodut.ac.ir 

Vol. 17, No. 4, Winter 1388/2010 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

19
 ]

 

                             1 / 28

https://ijcm.ir/article-1-551-en.html


)����� �	�
��:��/�/����
��� ���� :��/�/��(

��� 
�)
,��-�'#��"�.�/��0 12��$�, #��*�(� �'- 3� 4'��2�' 

� 5�67 ...����8*18��� ����� �2�1�'9 :��� 1%;�%< �= �>'�	��, 

�����  �!"#$ %�&'�(� )*�+ ,-./ %01'�(� 

	��?�:�-2�3*��(�4*5-!*067/*3 � 8*9��:(0�(+ ;< =-#> �� (
� ��  )0��� �33�? @�A  �BC�  =-#> ���.	*D��6AE�
:-4�4� )F-5( %0 ):(�
( G�  D*.	 :�+ (��(� :-A#H� ..$( 8JK�(
�-2�3 )*(� �
L/-AJ� MNF(�0K %��!�4 BF(*�3 0

�OP %�&!F�H
))I(Q +( ;<'!�*E�2 R*S��
�-
� B�
�-
�-�(�4 �
L/-AJ� MF( �"F� 8E*06�3�!F-T %�&!F�H(6U!H( �Q�
)H(�3E�2*V��? V3*2-*�!*�(�4�<'2*�F( %�(� ;.NF(�0K L/-AJ�BF(*W-� 0I(�(� 6<�P �*��� �B.C*��
)*�-�P�!� �#? ��

+( %0 LREE�LILE��	*+( %0 �HREE �HFSE �F( .3���J#�6X#��+(HFSE3 ����J#�6+( �SY� LREE�LILE ��3
�
%ZPb3*
�OP %�&!F�H ��&���! -4 )C( L!F-T D�� %Z
� �3 � 6(*F-���F L!	���	 *�! -4 [-4 � :�!�(6��6<'2 �� :P *;

�A4��6%0�+�F (
%��C L!F-T D�� � %�-2 )(6)��'� �2��6.	*%0  :-4�4� �\-
�4 � �' (]P ��
�A4�� D6( :P �F.�%�U/ �3
 +( �\�K 0�(-  )*A� �*���<�P�B.C*��
�)*�-�P�T F�H ��!F-T %�&!(6)D*.	 =�O^-
�4 � ����(�QU!H( �)D�3 _U!H(

�A4�� [0  (0>6W-� IF( �3*!<2��P 0*�!F-T M(6=(`� ((�36F( D�3 *063*2-*!*�(�4 ���F( .."	 �
������S�� -
��6SrSr 8687 /a#F +( ��-A� �F( [0�+�F 6��
+( %�-2 )bcd�/c�2bce�/c�S�� ���6SrSr 8687 /+�?P
:P )+( ��bcd�/c�2

bcdb/c� �3 *&��*)bcde/c�F( �f*g!� .%�(� )
( W-� �
�A4�� %�&!F�H 0f
h� ��I)�! -4a#F =�O �
 6(��6�OP 
���!i2 �!F-T )(
(�36�
�-
� ��B�-�(�4
�-
��F�� .�(�-A� R.!�� 6����
�X2N*i� 6���+*)!H�F��*
�> j%�&0*5-!*�(�4��k-C 66��]:�AE-
��6['2PX���' (VAG) (�3 (� 6<'2 *( ;
n2 %�-2 )*
� 0�0##E.
(�o
��V*\�2 �3 ��
+0�P �2�*F(� C� �*E�2 @��"� p��*Q V*R

NF(�0KBF(*W-� 0I( ��
��-4�4� � %�-2 )��6�*� :P :�3j
� %0�0�-  .(
(� )
M(�(� ��6�A4�� %�&!F�H �
'��3 q�!D�3 I
;<  �3 �:P 6�*&
�> � ;*1'2 �(0H� �3 :��jA� � %�-3 %�-2��6AE �2 :��jA� ��> O-X� +( rT 
j&
)%0 0�( .

	A�
�$#%)��#:�(�4*5-!*�-2�3 �0*( �:(0�(+ ��
:(�.

���B� 
�(�4*�.$( [0�+�F :(-#/ �3 ���%��C �!F-T (6��N*i� 6��
�+*)!H�F��Q +( � R.!��
(�	 s
��0#6�-5t 
��#*<�

7� :-4��-4*�u �*40  8��!F-T (6 �� �%��C ��-H�3 +( (6�
���A4�� ����6�! -4 R.!�� (6+ �3 
%��C L!F-T �(6q+�� �

40 ��*�XF-!640�P ]�3 ���XF-#!FP L! -4 6�->� �3 
��0#
P .V*E�2 �� ��0#
(�	 )
( �
�*A* -5t ��vP � 0�(-  


�*A* -5t%�-2 )
( ��3 � ���,-S�:P 6���� �Sv ���-  .�3
)*�+ w(�**g2 �!'*3 �%�U/�3 � ��'	 6��0#
(�	 +( �!H�F 
q+�� � �4�+]�3 �
 �''Ex�j3 �40 �� k�*��y/�3 0�(-2

*)X.2 �@-z�� %0#�
-� B�3�A� :���eccb)�b� (��+�<*���!<�( ��T �:h-ghasemi@shahroodut.ac.ir 

@�F8�0X� [��A  �d�:�!��+ ��LiX$ +( ���| �2 }��

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

19
 ]

 

                             2 / 28

https://ijcm.ir/article-1-551-en.html


0.>~�%��A  ���:�!��+ ~��� ;< ��E�+�F 6�*4 :(0�(+ 60*5-!*�(�4 �*�-2�3. . .���

�X2w���6E�2*S����A4�� �� 6�(�4 *!��-  .�3�#� _U!H(
!�(+�3�+
�C�� �(6(j>( �3 6�!F-T (6�> �� �->-� 
%�&��6
�-2*( 0
a#F )� ��*�H�  +( �j�2
� )
4Z���6a#F ��6
�(�4*!��F( ]~.[(
)��Q ��-4��6�-5t 
��#*<��A4�� ��


]�3 �F�2�E @UH ���
 �2 �H(�( �2 *�6��'�3 �� 6%��!�4 -
(6:�+ +( ��6��!H�F 6(
�+ :(�*�0##F �-�H �3 )–
F*���( �:�>�*�B( ��!H� 
jE�� :(�6+�S�( �–�3�OP 
� :�J

( G� 
:(�)7�*:(0�(+ �(-� �B:(�(�F (( VSF
%�-2 ��J��6
O-X�6�(�4 *5-!*06<�P �B.C*��
;< �3 ��6R.!�� 

:��jA�–Hn2 *�6�-H�3 +( rT �2 �F( %0  �.
:(�(�F � :(0�(+ 60*5-!*�(�4 �(-� :(-#/ �3
<����7� +( 

( ) ��
2�A4�� )*8�@-Q �3�}�E*��/ � �!�-.��2�}
E*3�? @�A  0��� �3 �!�-.�BC�  =-#> ���S*\�2 R*Q �3

.	 �� %��!�4*D��6AE�)F-5( %0  :-4�4� ).	 :�+*D
( G� 
:(�(�F( %��E O-X� .0T W-#2
0%��6�+*)!H�# ��

a#F �-�H �3�(+6( �� 
�E �F( %0  y/�3 �(-� )
R.!�� :(�&'��ZT F��3 �3�0�+(���3 :P ]��2��.[���
�(�4 �.z�� �3 :��A�*( j�t��!T ��
�(�4 L/-AJ� )*5-!*06�*j

�F( %0'� ,-."� �3-H �3 +-#�.���P*��j6 -5t *A*��
�$�#/ 
.$(�AE �*AE � =�*E�H =�����-A��6�(�4 *5-!*06��-� 
F��3�)��0K|cc��-A� ()@�0>~(���&'
��+P%��6

�A* -5tActlab(����\ ��� �3 ���(�	 ����� %�&'�(� ���6
ICP-AES �ICP-MS���P �*��j6��-A� ��6(�
M��6

�!
+0�P BF(� *!������P � �-��#*3 :(�����\ %�&'
��+P*��j6
 -5t*A*��
(
T-2�j��3�*0
8–��(�!F( *8)���-A� (��

%0  ,�J�( (����\ :-!���\ %�&'�(� �T-2�j
( �A* -5t %�&'
��+P 
�F(.

C��,�B��� ����� 
@�A  +( �F��3 ��-� 60*5-!*�(�4 L/-AJ�=-#> �2 �3�? -
=-#> D*.	 :�+ :��� �� :(0�(+ �C� :(�
( �C� ]��[�

;3(+ :�+B�-.3 ]��[�-> :�+ �
 !�*F [��-H:�]�[
�!	�
 :-A#H� �F();< |.(�3 :P 6��+�� D�3 �� �-�H

�F( �!*�-.*� � �.�4 p�S��? �3-#> .%�(-��� �
���2 �F��3 �6(
�'��)*�+ 6���F��3 � �F�#  �->� +( �E�K �
(�i$ 6��

���#� M
a#F �-9K �#"
 :��(� 60#3M*	�� 6�� �2
)�!
�-
� () �� � jE�� �� �2)�!*�(�4 (K �� %�-2 )
( L* �

�F( .���#� )
(a#�P )*3 �3�C� ;$�K 60#3 �#
j&
�> 6��
�
`g2 sQ�#� �->� � �A4�� :0  ��F �D�3 �� �A4�� [0##E -

�.H(� 6���F( %�-2 )
( �2 .�/�F �3 �
�A4�� �!�3 �4(

�!�3 ��-  )
j&
�>sA/ �� �E 60"3 6�� �'
(0> ��#E �3 �0�(
�A!� jE�� �� �.SC L!�3 :�+�� jE���#� M
 � 0�-  60#3

D�3 �-9K ;��  6��/D�3 � �* �K �� M*	�� 6�� 6��
�� ��J
( jE�� �� M*�.	�-  .6�> a#�P �4( �;3��� �� -

��AJ�( � :0  ��F 6(�3 �	�E �$�	 �A4�� � %�-3 ,(�P �#
j4
�� ��F 0
0> �
�A4�� L!�3 ���� +( D*T �0 �3 �! (� �- 

0> �
�A4�� L!�3 )
( �jE�� �� O-X� 6(�3 �	�E 6��*� 0

�* �K �� � ��(0� (� �.SC [0  0AJ#� �!�3 s
�j2 :P 6��

���-  .���#� M
 ��J*!� ��a#F �-9K ;��  :��(� 60#3 -
a#F � jE�� �� M*	�� 6���� ��J
( �* �K �� ) �� 6�� -

�- ]�}[.:��� �3 M*	�� 6�A4�� ���� j*� ���#� )
( ��
0  ��F �3 ��!F-T�F( %�-3 %(�A� :P �-.S2 � ,(�P :.���'� 6��
%�-2 �O-X� )
(M
(� � �!
�-
� M�-E 6�� �!
+0�P 6��–
D*T �!*F(�D�3 �� �E 0#!�� �F� [��E O-X� �2�
� 6��
0����#  %�-2 .�
�-
�-�(�4 ;*<'2 � �.$( [�-2 D
(0> �3 ���

�� O-X� 60*5-!*�(�4 L/-AJ� �.$( 8JKD�3 � 0#E 6��
T���3 �� ���#  w�-$ �3 (� k� D*��*4 .,�4 �3 �r�F :0 

=�O +��3 �!K �D*.	 �� �'�3�*�(�4 �:�3j*� 6�� 6��
�!F-T M*!<2��P���E 6��K 6(�* �K �� ��-4�4� 6�� ��

�� ;*<'20�-  ._U!H(=(`��!F-T 6��D�3 �3 6( 6��
�
�-
�-�(�4 �'
(0> �*2-*3 �.$( 8JK ;*<'2 �3 ��

�4�*�(�
�-
�-�(�4 �* �K �� ���� �J#� �� �- );< 6�� 
|�2�.(

a#F �;*  +( �*�-2�3 )
( :�3j*� �\-
�4 � �'*.	 6��
 �2 ,�E �!*�-�-� M�P �:��� �(��-.&#E �:-!�!.*F �a#F �F��

�
] �3 %(�A� a�� jSFa#F +( �
�� �2 NF(�0K ���'X'2P 6��
%0  ;*<'2 )F-5( )F �3 M
+�30�( .)
( :��� �3 ��0*5-!*�(�4

a#F:�*� � �'*.	 6���
]:P �<�P 6��;*�	 6��K �E ��-
)F-5( ��"� 6��%��E O-X� �0#!�� ���*��!'�� �3 � 0�( 6��
�F�� ���-!�!.*F%0  %0* -T )F-*� �
(��-.&#E � �&#F0�( .

�#*� �7� +( �)
(�3�#3 s."2 ���*� )F-5( +( 0"3 �3 �!H�# 
0��(�]��[.F)8*F�!T ��� �3 �J#FB�� �#F j*� )4�P 
��0K��@�F :-*.*� ))F-&*�( ;
(�( ()
( 6(�3 (�

�F( %�(� :�'� ��0*5-!*�(�4]�[�#*� 0�(-  �3 6��0K �2 �E -
��(� ��(-�A� �!H�#  .]��[+( ;�� �3 ]��[j*��!�3 :0 

:(�
( G�  �� :�!�*F r*!2-z� k-��*C(��� �C(� )*3�C��-
)F-&*�( �3 (� 0#A.� � w-� 6��B� %�(� �S�� ���*� )F-*� 

�u-K D
(0*T �*��A*� �(-� 0#��-	 Lu-K �� (� �F]-� 6��
�� :P �J*!�0�(�.

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

19
 ]

 

                             3 / 28

https://ijcm.ir/article-1-551-en.html


�AF�C����\ �:�*C��$ %�(+ �."��H ���E � �F�# �-.3 �.J�:(�
( �F�#  ��d

�
�0D��-A� �.$( �$�#/ �
�*A*  j*���P �
�!� :(0�(+ 60*5-!*�(�4 %�-2 6��.
Sample SiO2 Al2O3 Fe2O3 CaO Na2O K2O MgO MnO TiO2 P2O5

Z-37 �/�� ��/~� ��/� ��/~ ��/� �~/� �}/~ c�d/c d��/c c�d/c
Z-28/2 �d/ed ee/|� �b/d �e/d d|/� eb/� |�/� cee/c eb�/c |��/c
Z20G �e/ed dd/|e dd/� ee/� �/� e�/� c�/� c�b/c �e�/c |b�/c
Z79G �d/e� ��/|� �/� �/� �/� ��/� �ed/| ce�/c �b/c |e�/c

Z142G �b/e� ��/|e |�/� �e/� �/� ��/� �cd/| cd�/c �||/c |��/c
Z18G �d/e� d�/|e ��/� |�/� ��/� ��/� d�d/| c��/c de�/c |eb/c

Z130G �|/e� �|/|e �d/� �d/� ��/� d�/� ���/| c��/c �|�/c |e�/c
Z131GD ��/e� |d/|e ��/� �|/� ��/� �|/� d||/| cde/c �|e |b/c

Z41G |/ee b�/|� ce/� |/� ��/� ��/� ���/| ced/c d��/c |��/c
Z5G ��/ee �/|e ��/� �/� d �b/� e�d/| cdb/c d�e/c |�e/c

Z142G/1 d�/ee ��/|� c|/� ��/� �d/� |b/� �|/| ce�/c �c�/c |e�/c
Z108G b�/ee �d/|e be/� �d/� �|/� c�/� |��/| c�e/c d�b/c |��/c
Z-40/1 ��/ee d�/|� �d/� ��/� de/� ��/� �e/| c�/c �d|/c |dd/c
Z1G c|/eb be/|� �d/� |�/� ��/� �d/� b�b/| c�|/c d�|/c |db/c
Z7G c�/eb ��/|e �/� cb/� c|/d |e/� �d|/| c��/c de|/c |de/c

Z-15/7 d|/eb ��/|� c�/� ||/� �d/� ��/� d/| cd�/c dd�/c |��/c
Z-43/1 d�/eb ��/|� d|/� |d/� e�/� |�/� ��/| c�|/c �|�/c |�/c
H2G d�/eb e�/|� b�/� ��/� �d/� �|/� dd�/| c�|/c dd/c |e�/c

Z160G �d/eb b�/|� de/� e�/� �d/� �b/� |�b/| cd�/c dc|/c |�/c
Z-69/3 �b/e� ��/|� ee/� b�/� de/� ��/� �e/| cd�/c dc�/c |�d/c
Z-42/1 �/e� �/|� c�/� ��/� ��/� ��/� �e/| cd�/c dd�/c ||d/c
Z-61/1 ��/e� e�/|d de/� ��/� �e/� bb/� ��/c cdd/c db�/c |��/c
Z98G c�/e� ��/|� |d/� d�/� e�/� �b/� �b/c cd�/c ���/c |c�/c
Z2G �/e� ��/|� �e/| ��/� e/� ��/d cd�/| c��/c �bd/c |||/c

Z-97/3 ��/bc �b/|� �/� ��/� �d/� ��/� | cd�/c ��/c cbd/c
Z8G d�/b� �d/|� ��/| �b/|7 bb/� bd/d ��d/c c��/c �ed/c c��/c
Z-25 �e/ed be/|d d/� ce/� be/� �d/� �b/| c�/c ��b/c ��d/c
Z-36 ��/bc ce/|� e/� ��/| e/� �d/� ||�/| cee/c �e�/c |d�/c
Z-6 ��/b� ��/|e ��/c ��/c �e/� |e/d c�/c ce/c c�/c c�/c
Z-7 d|/b� dd/|e �b/c ��/| ��/d ��/� �|/c c�/c |�/c ce/c
Z-8 e/e� |/�c �b/c d|/| �|/� �d/� ��/c c�/c �/c cb/c
Z-9 c�/e� ��/|� �/| b�/| ��/� c�/d e�/c cd/c ��/c |�/c

Z-10 ��/ee ��/�c |�/| ��/� c�/d |�/� b�/c cd/c �/c c�/c
H64G |�/e� ||/|b �d/� �/� ��/� |�/� �e�/| ce�/c ���/c |�/c
H68G �e/ee dd/|e b|/� ��/� ��/� |�/� �cd/| c�/c d/c |�e/c
H50G ��/eb �|/|e d�/� bb/� ��/� �e/� ���/c cb�/c ��|/c |�e/c
Z111G e�/eb ��/|d e�/� b|/� �|/� d�/d ��b/| cee/c ���/c ||e/c
H67G b�/e� �e/|d db/� �b/� d�/d bd/� ec�/c c��/c ���/c |cb/c

Z-105/1 �d/e� ��/|� �|/| ��/� �/� |�/� ��/c c�e/c ���/c c��/c
Z-59/1 b|/e� be/|� e|/� db/� �/� �|/� �e/c cd�/c ���/c ||�/c
H39G/1 b�/e� ��/|� d�/| �d/| ��/� ��/e e��/c cd�/c |�|/c c��/c
Z-55/1 �b/e� �e/|� �/� b�/� bb/� ��/� ��/c cde/c ���/c |�|/c
H64C �/e� ee/|d db/� �d/| ee/� b|/d c�/| c�d/c d��/c c�d/c
Z-24/2 |�/bc ��/|� ��/� ��/� cb/� �b/� c|/| cdb/c d�/c cb�/c
Z-87/1 d�/bc �e/|� b�/| ��/� e/� d�/� ��/c c�d/c �ed/c cb�/c

Z-104/1 |e/b| ��/|� cb/� |�/� c�/� ��/� �/c c�/c �e�/c ce�/c
H39G d�/b| e�/|d �e/� |�/� ��/� ��/d �|b/c cd�/c �b�/c c�b/c
Z-38/1 |�/b� ed/|� �|/| ��/� d/� ||/� �b/c c�e/c �|d/c cd/c
Z33/2G d�/b� ed/|� �d/| |�/| ��/� ��/� d��/c c�e/c �ed/c ce|/c
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�
�0 �����E
Sample SiO2 Al2O3 Fe2O3 CaO Na2O K2O MgO MnO TiO2 P2O5 
z-112C d�/b� ���/|� ���/| �b/| eb/� ���/� dd�/c c�b/c �cd/c c��/c

Z-1 eb/�� |b/|� d�/� b�/e b�/� c|/� ��/� |�/c |d/| �d/c

Z-2 d�/�b ��/|� �/d b�/e ��/� ��/| b�/e |/c ��/c �|/c

Z-26 �e/�d db/|d c�/b d�/� �b/| e�/| �e/d |��/c �c|/c �c�/c

Z-82/3* c�/�| e�/|� �/b ��/� bb/� b�/| ��/|� |�/c ��/c �d/c

Z-82/4 b|/�| e|/|e ��/b b�/e ��/� ��/| �|/� c�b/c �e�/| de|/c

H27 |�/�� c�/|b eb/e b�/b �/� d|/| ��/� |c�/c ��d/c ���/c

Z-82/1 �d/�� ��/|e |�/� �e/b e/� b/| ��/d |||/c ���/| ���/c

Z-82/3 ��/�� ��/|d ��/b e�/b eb/| e�/| ||/|c ||�/c ���/c |e�/c

Z-25/1 e�/�� �|/|d d�/b e�/b �b/� �e/| bd/� |�/c ���/c �e/c

H26 �|/�d �e/|e �/e cb/b ��/| �|/| ed/d |ce/c c|b/| ��e/c

Z-26/1 ��/�� ��/|d ��/� �|/b c�/� d�/| ��/e |�|/c |�e/| �c�/c

Z-25/2 �/�e ��/|� �e/b |�/b cd/� |�/� b�/� |�|/c �e�/c ��/c

Z90G ��/�� |d/|� ��/d ��/� ��/� ��/� ���/� cb�/c ��d/c �e�/c

Z7E2 �d/�� ��/|� ��/e b�/b ��/� �|/� ||�/� |��/c b��/c |��/c

Z35E �e/�d |�/|e bb/e �b/e �/� ��/� ��e/� ||�/c |�|/| �e/c

Z45E bd/�d ��/|� �d/e bb/e d�/� bb/� ���/� c��/c c|�/| �db/c

Z-3 c�/ed ��/�c b�/| ��/� �e/� c�/� e|/| c�/c db/c |d/c

Z-4 be/ed �/|� �/� db/� cd/d ��/� �/| c�/c ��/c |e/c

Z-5 �/e� ��/~� ��/� ~�/� ��/� �~/� ��/~ ��/� }�/� �/�
Z-93/1 c�/�� ��/~} �/� ��/� }�/� ��/~ }�/� ~��/� ~��/~ �/�
Z73D e�/�� }�/~� }�/� �}/} ~~/� ��/� �~�/� ~�~/� �~�/~ �~�/�
Z-69/4 |�/�e }~/~� ��/� �}/� ��/~ � ��/� ~��/� ���/� ~��/�
Z-17/2 e�/�e ~�/~} ��/� �/� ��/~ ��/� ��/� ~��/� �/� ~��/�

Z-172/1 ��/�e �~/~} ��/� ~�/� ��/~ ��/~ ��/� ~~�/� }��/� ~�}/�
Z-88/2 |d/�� ��/|� bd/e �/e ��/| ��/| ��/� c��/c �~�/~ ~��/�
H54D ��/�� �e/|b ��/� ��/e �|/� �/| d��/� ||d/c }�}/� ~�/�
Z-40/3 c�/�� c�/|d |�/e �d/� d/� �/| �d/d c�d/c ���/c ~��/�
Z-69/2 �/�� e�/|d e�/� �|/� �e/� c�/� b�/� |c�/c ��|/c |c�/c
Z-27/1 ��/ec ��/|d �b/� bb/� �/� �/� �b/| c�|/c d�/c |de/c
H52D c�/e| d�/|b ��/d ��/d d�/� b|/� b��/� c�b/c dbb/c |��/c
Z-31/2 �|/e� �/|� d�/d d/� ��/| ��/| �b/| |cb/c d��/c |��/c
Z-4/3 ��/e� �e/|d ��/� c�/� �/| e�/� eb/| c��/c dde/c |�|/c
H49D ��/e� c�/|e �e/d e�/d ��/� �d/� �ce/| c�e/c de/c |�/c
Z-27/2 |/e� ��/|� �d/d ||/� e�/� d�/� c�/� |||/c d�d/c |��/c
Z22D ��/e� ��/|e �d/� b�/� �/� ��/� |e/� cb�/c be�/c |��/c
Z-2/1 �|/ed e�/|� ��/� �b/d ��/� c�/� e�/| c�/c d�|/c |�e/c
Z-4/2 ��/ed b�/|d bb/� |e/d db/� e�/� ��/| c�e/c d�|/c |c�/c
Z-3/1 ��/ed e�/|d �e/� c�/� ��/� �e/� ��/| cbb/c ���/c |c�/c
Z54D ��/e� c�/|e ��/� |�/� e�/� �/� d��/| c�b/c c�e�/c |e�/c
Z-31/5 �e/e� d�/|d c�/d � ��/� c�/� �e/| c�|/c dc�/c ||�/c
Z12D d�/e� ��/|� �d/� bb/� b|/� |b/� �e�/| ce�/c �|�/c |��/c
H40D b�/e� d/|e d/� ��/� ��/� ��/� d��/| c��/c ��e/c |e/c
Z15D ��/e� |��/|e |d/� |e/� ��/� �e/� �d�/| cee/c �eb/c |ed/c
Z1D e�/ee �e/|� d�/� ��/� �|/� ��/� ���/| |c�/c ��/c |��/c

H50D e�/ee �d/|e �e/� ��/� ��/d db/� �d|/| c�e/c dd|/c |b�/c
Z33/1D �|/ee ��/|� |�/� �|/� eb/� c|/� bdb/| ceb/c d�e/c |d�/c
Z18D eb c|/|� dd/� ��/� b�/� �d/� ��|/| c�/c �ee/c |e|/c
Z-77/1 eb/e� b/|� b�/� ��/� ��/� ��/� ��/c c��/c d��/c |��/c
Z131D �|/e� �e/|� d�/� d�/� e�/� �d/� cc�/| ceb/c �d�/c |�e/c
Z-76/1 |�/e� �e/|� ��/� ce/� ��/� |�/� �|/| cdb/c d�/c |�|/c
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�AF�C����\ �:�*C��$ %�(+ �."��H ���E � �F�# �-.3 �.J�:(�
( �F�#  ��e

 �
�0 �����D:(0�(+ 60*5-!*�(�4 %�-2 �E�H =�*AE � =�*AE �$�#/ �
�*A*  6��j*���P �
�!� .
Sample Z98G Z2G Z-97/3 Z8G Z-25 Z-36 Z-6 Z-7 Z-8 Z-9 Z-10 H64G H68G H50G Z111G H67G Z-59/1 H39G/1 Z-105/1

Ba ��} |c�b b�b �db �ec d|c �e� e�c ��� ��c ��� d�� d�� dcc de| ��d �b� 
Ce �� |� | � �� d� �/d| �/dd �/de �| � �b �e �� | |� |
La �~ |� | �� |� �d �/�� e/�d �/�d |� � �� d| |b | � |
Co ~} |� � � | � � � �� �b |� |� e |� |c b
Cu � � �� d� ~� �b |� |d � |� || e || d � �
Ga |� |� | |� |d �| �c �� �| |b |b |b |d |e | || |
Hf � � | � �/c b/� �/� b/� d/� b b e � e | e |
Nb || b b |� || || �/� e/|� �/� � |c |� |� |d b � �
Nd b � d || |� |d b/|� �/|� � | e b � �
Ni �c |� �� |d � || |� dc || |c �c �c 
Pb |d |� �� d �c d� |�| d| �� |b � � |c �e �d �e �e 
Rb |de |�� |�d |�� ~�� |e� |�� |�e |�� |�� ||d |c� |�c |c�� |�e ��� |�� 
Sr �e� �bd ��d ��� �b |�| ��� ��d ��� ��c de� ��d |�b ��b ��d ||b d|e 
Th | � b � �c |� �/|| �/|| e/|c | | | |� | � b |� 
U � | � | |/d e/| d�/| ��/| d�/| | | � � | | d d
V �| d� �| �b e � |� �� �| �d �b �e �b db �b �� 
Y' b e �b b �d � e/d e/� �/b || |c || �c |c �c |c �� 
Zn �d �� d� �� d| �� b� d� dc �� �� �� db �b |� �e 
Zr ||b ||� |ec �� d� b� �d |�� ||c |�� |e� |b| |b� ||� |d� |c� |�e 
Sm � �/� db/� ��/� ��/�
Eu �/c e/c e�e/c b��/c b�/c
Gd �/� �/| �|/| ��/| �b/|
Tb �/� �/c �/c �d/c �/c
Dy �/d | �e/c |�/| �|/|
Ho �/c �/c |b/c �/c �b/c
Er e/� �/c d�/c �b/c b�/c
Tm d/c |/c cb�/c c�/c ||/c
Yb �/� d/c d�/c �|/c ee/c
Lu d/c |/c cbd/c cb�/c |/c
Ta d/| �/| bd/c �|/c ��/c
Tl �/~ b/| e�/| b�/| ��/|

�
�0 �����D
Sample Z-55/1 H64C Z-24/2 Z-87/1 Z-104/1 H39G Z-38/1 Z33/2G z-112C Z-1 Z-2 Z-59/2 H39G/2 Z-55/2 H64C Z-24/3 Z-25/1 H26 Z-87/2

Ba }~� dd� ��� d|� |��� ��c |��� ��e �/d�| �e� �bc |�/�d� �/�d� e/��| �|/��d ��� db� ��� �e| 

Ce | ed �e �� e/de �/�c �/�b ��/e| e�/ed cb�/e� db/b| |c �/bd 

La | �� �| d| |/�� �/�e e��/�d �e/�e c�/�� ��e/d| �e/d� � �/d� 

Co e |� � � || �| d �� �/e �b �� be�/�� ��/�b �|/�� ���/�c �e/�| �b �b d/�� 

Cu ~~ |� � � � || � |� d �b �� �/�� �/�e c�/�� ��/d| e�/dd |d �| �/db 

Ga �c |d || |� |� |c�/|� ��/|� ��e/�| ~� 

Hf e b b �� d/� ���e/� c��/e ��bd/e �

Nb � |e � d � |� � |c �/b �/|c |/|c ��/� ��e/� �e�/� �e�/� �bd/� |� e ��/�

Nd |e |d || |/�| �| �e/�c ��/�| |d 

Ni |� |� d� � �� |d e |� |d �|� |�� �e/|c� �/||� e/|�d �/|�� �/|d� �c d� |�� 

Pb e� |d ��d d� eb � �� � �e |� �� �e�/|� d�/|d b/|c �|�/e |�e/� �d �d ee/cB

Rb ||b ||� |�� |�c |�e |be ||b �|c |c| e| be �de/�� ��/�� ��/�b �d/�| ��/be bc d� �/bc 

Sr ��c ��c |�e ��e ��b |�� ecc b� �/��e d�� d�� ��/�b� �/��� �/��� |b/dc� �/d|� ��c d�� d�d 

Th � | |� |� |� � � |c � ��/� d/|c ��e�/e ���/e eeb/e �c��/e ���/e � |e |b/e

U � | � e | � � � �/� c�/| �e/� d�b�/� ��~/} ��d/� ceb/e ��/e | | d�/e

V �c d� e� �� �� �� �� |b db |d| ||b �de/�e ��/�c d|/�� �d�/�� �/|cd |d� ~}� |c� 
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�
�0 F��6 � 
Sample Z-55/1 H64C Z-24/2 Z-87/1 Z-104/1 H39G Z-38/1 Z33/2G z-112C Z-1 Z-2 Z-59/2 H39G/2 Z-55/2 H64C Z-24/3 Z-25/1 H26 Z-87/2

Y’ |� |� �e �| �� �� �c |� |� �/|b |/|� �c�/|� |�/|� c�/|� ���/~� ��/|� 18 |� �/|�
Zn ec �b �� dd �� �e �b �d �/�� bc ed ���/�� �/�� c�/�d �d|/�d ee/�� 76 ec �/�e
Zr |�� |bc |be |�| |be |�b ||� �|c |dc ||c �c� �d/|eb �/|e� |b| b�/|b� �/|bd |d� |�� |be
Sm b|/d d|/d
Eu �d/| ��/|
Gd |�/d ��/�
Tb eb/c e�/c
Dy b�/� e/�
Ho b|/c b|/c
Er c�/� ||/�
Tm ��e/c �|/c
Yb bd/| �|/|
Lu �dd/c �be/c
Ta b�/c b�/c
Tl e�/c ��/�

�
�0 �����E
Sample Z-26/1 Z-25/2 Z90G Z7E2 Z35E Z45E Z-3 Z-4 Z-5 Z-93/1 Z73D Z-69/4 Z-17/2 Z-172/1 Z-88/2 H54D Z-40/3 Z-27/1 H52D Z-69/2

Ba �c� e�d �ed e|b �c� bcd dd� �e| �b� �|d e�| b�d b�� b�� ��� �ec bb� ��c |cde b�e 

Ce d� bb �b e� e/db e/�� �� d� �� �� 

La �� �c �� �� b/�� �| �/�b �e |� db 

Co �� �b |e �� �e �� b � � �� �� �� �c |b �� �� �� |� |d |e 

Cu �e �c �d |�� |�b �� dc �c |� |� �e |c � � |� �� b |� d

Ga |� |� |e |b �c �| �c |b |b �� 

Hf � � � � d �/� �/� d � �

Nb |c � |d |� |� |b d/|| b/|c �/|c |� |d e � � || |� � |d |d || 

Nd |c |b d |b d/|b �/|� b/|� |� |� |� 

Ni |�� �� �d �b �b |�c d� �� bc �c �� |�e �� �e |� �| �� 

Pb �| �� || |� � � �� �� �b �� � ��� |cd �� �d � �c �� e |� 

Rb dd e� �� bd b� b� |�� |c� ||b ec |�| b� e� e� d� e� ed �� �� �� 

Sr d�| ��e dbb ��� d�� �e� ��e ��� ��� �c� �e� e�� �d� ebe d�� �ee d�b �ee ed� �ce 

Th � � � �� �d |b b/|� �/|c b/|� | | e � � � | |c � | e

U e | | d � d �b/� ��/| ��/| � � | | � | | | | � |

V |�� |d� �� |�e |�| |�d d� �| �� |bc ed |�� ||� ||� |db �b |d� bb eb |c| 

Y’ |� |� |b �� |� |� �/|| � �/|| �c |c �c |� |� |e �c |b �c |� |� 

Zn �c b� �� �c �b e� d� eb dd �c �| |�� �c b� ee e� b� ed eb �� 

Zr |�c |db |bd |d� |�| |�c |�b |d� |dc |�b |d� |�� |b� |d� |be |�� |bd |�c ��b |�c 

Sm d/� c�/� �d/�

Eu b�|/c ��/c �eb/c

Gd �e/� ��/� �|/�

Tb d|/c ��/c d�/c

Dy |�/� ed/| �b/�

Ho d|/c �/c dd/c

Er ��/| ��/c �e/|

Tm |��/c |��/c |�/c

Yb |�/| �/c c�/|

Lu |bd/c ||�/c |�e/c

Ta ��/| ��/c ��/c

Tl ��/| �e/| |e/|
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�AF�C����\ �:�*C��$ %�(+ �."��H ���E � �F�# �-.3 �.J�:(�
( �F�#  ���

 �
�0 �����E
Sample Z-31/2 Z-4/3 H49DZ-27/2Z22DZ-2/1 Z-4/2 Z-3/1 Z54D Z-31/5 Z12D H40D Z15D Z1D H50D Z33/1D Z18D Z-77/1 Z131D Z-76/1

Ba bc� ��e ed� �be d�b ��� |��d |cc| d�d e�� ��c e�d ��c e|e ��� ��d �|| ��� d�e e�� 

Ce �c d� d| �� �e �| �� ee de �b �� 
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