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

÷

�������� �	
��	� 
 ��
��������� �����
�
�
��
����� ��� ������ ������
  !�"�� ���#�# )%��" 
���� &��:(�)��� ��� �� ���#	
��	
���� �
���� ��� 

*!��! ����!
+�# 

,�
 �
-�����.*/*�
0 �1  ��2� �/��" �3�
� �4�����0 5! 6
78/

���� !"#$�$�#% &'�( ��� )�% �*+#, ��-.�/� �&'�( 0123 �45.�/� �6��7*8/ �$�#% 
9�&'�( ��$:� � �$�#%1;< =
>'	&?@�/ &'A 0123 )&5B (C�1� ��-.�/� ��$�)D�?%E F (G�'% 

9+
:; :�� �/ H�� ��1! !� �31?@���/ I�#�B ���?% G/ 
/ 6��*J�$E1#H � 6>I ��8 % ��� )�% 31#*� �K'I L M'N O��% �
�
(�P�*� �Q�#P I�*�)��'%����! � �'�1K'R�S �>K$�'�1K'R�S(�� P �� /� �'�1
��*� � �'���B�*� ��'2B�*� �� '! ."#$ 4�/�

�
(�P�*���/�� �)6�) �� �I ��1P �
�
�� 
( �*�/(�P�U1VG��� �..I 6�)���8=';�(� L� B1W� 6/�4% O'5.L ���
�B4�/ .6�)�?!��
 �4�(�$"#$�
(�P�*� ���� �')�� 6/�/� �)4#*�) �
�'28(/ �I �G1
 X�>P �$�� "#$  ,�#3 (LILEs) �=K$ ���� �I�J  ,�#3

(LREEs)�#F (/ � �!4%Y�P G/4'� Q4% �P  ,�#3 (HFSEs)�&'-#$ ���� �I�J  ,�#3 (HREEs)��L G�.� �!4%��� 4#)�
��-*$�J (/ �
�)��/(�P G1A/  
/>H 6�)�$1��'8 (OIB)�L ��/(�P �4% �#F E�1� Z1� �$1��'8/ G�'� 6�) �*.B 6�) (EMORB) 

�*	 ! �?.A $4�/ .&$ [
�*� �P �H1L �P �@#$U-Pb&I 
(  P �4% 0�@�/ \/ �*$/ 6�)]^8 6�)4';1*'�/ ! (/ �4% �31?@� �4##I
 �/ H�� ��1! !�)&$ �P_/`±aa`D�$ G1'2'� (6/�/� �31?@� &
/ �=';�(� L� B1W� &$�$/ ���
�B .b�$/  P�$� P6�)0�@�/ �4%

�� �R! G/1L �I�U1V  c� ��1� 6�)/�P d2F O'5.L �2V �� I "#$ eI�V  f/  P � �4'$ � �� *�! �$1��'8/ G4%0�c��P ��?I/ L-
�*�P �3 $�4%4�/"#$ �31?@� �6�)�P �)4#
/ 	 &
/ ��  '!���P 6�)�1.#� Q�1,e)�8��  P ���>	/ 6�)���8�4�/�/ 	 6/�4% �

���8 ��1J P �2V � �L gY�?*V/ �h'B ���8 �*	�4�/.

9<!
�+
=. ���:�
(�P�*�i=';�(� L� B1W����
�Bi�U1V �..I 6�)iG/ 
/ 6>I �i�/ H�� i�� )�% .

��+>� 
�.�� 6�'	/ jH 6�) �� &'�( � I &
 
�� *�! �#$ 

L� B1W�=';�(�  �&
 K��I&'.'B ]��9[�� G�.� �I 4#)�
h�P �P �/ ?) �G��( GS �� G/ 
/ &'�( $&'�( $ (/ �
�) 6�)

 M'$�� ����/ 	 D/ *��$ M'$�� ��8 % � �P F 6�'�1�/�S
 �'?)1P M'$�� �&5
�1��S)=A � G��1
(��1L��S �)�'I L(�4#) �

���8 �� J Q�1, �P &'A � e
��L �� 6/��/ I ���8 P/ ���?%
�$/ �*%/� �/ 8 ���/4#! .�� � =';�(1W��B �� G/ 
/ ���8 �� J 

�	�I  f/ (/ m'*L1W��B �
/(��/ I�4% /4H ��/�4#! ���?% ]`�

n[mo$ ��N�@'*� �� � &'.'B &
 '?'$ �
/>)1I 
�*�P � m'*L1W��B b1��'8/ D�?% �P �� h�/�� 	 �� �GS G4%

b�
 L/��/ �P ���
�B �*$1'B �'$ �$/]a[.�4?3 h�P (/ 6/
�����$ 6�
��P&'�( =';�(� L� B �
�?!�� �*J�$ �P ���
�B

&'�( $ Q�1,�B 6�)�6>I � G/ 
/ �� �p
� �P ��-#$ 
4��/� G1?#J�]a�q[.�� G/ 
/ E1#H �� m'*L1W� G4%(�P �P

��1! !� eJ � r'B  B �s�
��L �b !/( 6�*$/� &'�( 6�)

/ �*J�$ � �2,1V (/ \��J �GS �P &*J/� B �I �*	�
 ��/�/ G/ 

�$/ ����� &
/ tuP D�@� .D�$ ��h)�pB � 'J/ 6�)6�) 
∗�4#�
1�&R2L �D1W�� :vw�vqvnvx�_��5'�� *5�/ ��B :veiskaramim@gmail.com 

� ��'P D�$e*R) y��?% �D�/ ����P ��zuR, (/ ��w��L{|} 



m
��?$�8 ~/ �6�H �G�'8��, ��� I G/ 
/ �$�#% ���I � �$�#%�12P �2@� ��{

�� *�! 6/G1�/ 'B�31?@� �B 6�)#$�4% 0�@�/ G/ 
/ �-
�$/ ]x��a[.�!4's'B � Z1#L �P �H1L �P ���&'�( 6�)-

&'�( $ �$�#% �J�#% � c� ��1� �
��/�4#! 6�) ��1! !�
6�) &'�( �*J�$ 4#�(�'� ���S �
�?!���$� P6�)�� *�! �
�?)�$/ 6 *.'P �K��H .&'�( $ �
��/�4#! 6�) �P>H�#�B -

�oI 6�)h'2	 ��/�  
/ � % �P G/ 
/ ����  
�$ �� �G/ 5� � G/
�6>I � G/ 
/ 6��*J�$ �#�B �� �p
�#J� �4#I/ B �1N �P ?G1

��/� �1H� �
�) c� ��*J/ ���S &$ ��1� �� ��� �4��/�]�q[.
D�$ �� �P � 'J/ 6�) � *�!���&$ 6�) ��?*3/ OP�8 �@#$

)&$�@#$U-Pb&I 
( 6�� (h)�pB6�) 64#?%(�/ 
G1�/ 'B/0�! �I �$/ 0�@�/ D�V �� �
 � �4% 0�@�/ �N�#� &


 &
/ ��1� �� �1H1� Q����P/ G4% &%�� �� 6 f:�&'�( $�)
/�$.&$�@#$  -��'P �4% 0�@�/ 6�)� *�! �#$ 

���
�B =';�(� L� B1W� �&
 K��I &'.'B&'�( $ &
/ 6/ P �)
/�$.�$� P6�)�� G�.� 4
4H &'�( $ �I 4#)� 6�) 

�B$�A !/ �G/ 
/ �-#�!p
�  c� (/ �)"#$ Z1#L ��$�#%
�P�.L 6�)6��'�P&'�( $ �P �B 6�)�
��
 	S  o$ �-#$�

��� �4��/� �P 3� *�! ���S O'5.L �#$ �1N �P Q��R*� O��I

 �$/]�q��w[.(/ �.�P �$� P �I �/ H�� ��1! !� �31?@�
��1! !�6�)"#$ GS �$�#%Z1U1��$/ ����� &
/ (/ �
&'�( $�B 6�) �-#$�#�B D�?%G/ 
/ 6��*J�$ �� 6>I �

 �L G�j�/� E1#H� % �� �I �$/ �� )�% av6 *�12'I 
E1#H�8 %��/� G1?#J� 4#?H��'P .�P ����� &
/�p
� �P �

�
(�P�*� �$� P �31?@� &
/ 6�) �
�B  P [
�*��
>@L �?'% 
"#$�?'% � OI���I�K�� ��)�B1L�>
/ 6�)&$ ��@#$ -

?) �I �
�)�6/ P ��P &'*����4% 0�@�/ 4�/���(/� B .

	
����!�21 +�!�� 
 �>?�� ����� 
D�?% 4��� �P �/ H�� ��1! !� �31?@��8 %�E1#H �P F �

�K
 �L D1Nnv� 3 �  *�12'I �vE1#H ��  *�12'I �8 % 
�� )�%)qaE1#H 6 *�12'I 4#?H��'P � % (�� ���/ I 

?%G/ 
/ 6��*J�$ �#�B ��� ��/� �/ 8 6>I �)O5%�.(�H1L �P
 �P6�)4
�(�P��/� ��
/ u, 6�)&'�( � �
�'?'% [
�*�&$-

�� �@#$&'�( 6�)�/4J� G/1L �� �� /� ��^#� &
/ �$�#%
�#$ ��� =';�(� L� B1W����
�B�='$/��< �L b�
 L  J/�/ 

���'��/� 6�H .

@:�/&'�( �.��#%�%/� P �
�B  P �/ H�� ��1! !� �31?@� �$���/1)��  
��7L ��
/ u, 6�)O!1! 6/&$ [
�*� � C�/ 4
4H �B1L�>
/ �@#$
"#$ d'I L � �
�'	/ jH �'+81� �I��1?� �$�#%�$/ �4% ��.� GS  P �$� P ��1� �*
(�P�*� 6�) )� 
/� 6��7*J/ ���3 �P "�� >� 8 6�)

GSch >K$ ��'%  -��.� �Am4#*�) �'�1K'R�S  -��.� .(



42H{����?% �����P ����� "#$ &'�( ��$�#%&$ � �?'%�
(�P�*� �@#$6�) . . .���

�L ���
�B b�
 L 6�)�/4J� �I �@�S (/='$/��<���'� 
���'� ����� &
/ �2,/ Z1U1����� ���S  7*�� �$� P �P 

�4#�P�� I 6�)�/4J� G1�/ 'B /� �2,/ tuP �
=';�(� L� B1W� ��/�/ O'7RL �P ���
�B��e')� .����1�

 � 6�/�-P1$� 6�)�/4J��1! !�6�) ��
�?!�� ���1! !� 
='$/��< �L b�
 L  J/�/�� ���'� ��/1L �I �R! G/1L

�43�8 6/ �12-#I �P ='$/��<�128 (/ ��% $ 6�/(4#A 6/ 6�)
=';�(� L� B1W� ��1! !� � &
��S �-#$�� Z� % ���
�B � �1%

�$�� (/ �?'�U g�*K�� ��/1L �P=)S �O'% �"#$�$�� � 6/
�� ��/�/ =)SP�
4.Q�+^8 �4�(�$�43�8 6/ �12-#I &
/ /� 6/

�128�)�
m'#! ��'�/ ! m#H (/ ��'% ���'%�5'� ��>K$
 � � � �'�1K'R�S �� O'5.L �� �I 4#)� *.'P�N�#� �B-

4��/� G1?#J� �� )�% E1#H �-#$ .�	/ ���/1L &
/ &'P �� -
� ��/(�P (/ �
�)�$�I1��'))�����5���$�I6�)�*�/(�P >'� 

�� �	�
 �
Y G�'� Q�1, �P �L ���S ����U ��! �I 4�1%
 ��4V�vv�� >'�  *� 4$� .�	/ (/ �J P �� ��*�/(�P 6�)
�J�$ 6(��P �.��P�4
����1%)O5%9.(�P1$� ��/1L �

b�
 L ���.R.LS ���
�B�='$/��<&'.'B&
 ?'$ �/4J� �� �-
�� ���'�����='$/��< ���'�� �31?@� �P �H�� ��1! ! -

�#'
�BO��% ��'2'	 ��'2$/ �$����1! !� "#$ �6 !�*����

��/(�P�*�)��'%>K$ (Q�#P I�*� �)�H�� �P 6�) � �
(�P�12KL6&'
�B (�4% G1! !�4�/ .����/ 	6�) �4�S P (/ 

6/ �12-#I � &$1W��B 6/ �12-#I �� ='$/��< ��/1L h
�$ 	
 ���.R.LS ��/1L �43�8�/ �P1$� �� �	�
 &$1;4�1% .��

O'?H OFS E1#H)�1I *% E1#H ��((/ ��% $ �
/ �12-#I �
�#'A &$ �P �*�/(�P Q�+^8 �$�L I �*J�#%&'.'B�� �4
� -

��/(�P (/ GS Q�+^8 �I �1% b�
 L ��/1L 6�)�='$/��< 
�*	 ! �?.A $4�/ .&
/�� /� ��/1LD��+� G/1L 4�(�$ =.?% 

( K�/ �� �� c� �	 !�U1V �� �I�.B �..I 6�) ���?I
 �$/ �4% O'5.L]9v[.�$1L ���� �J P �� ��/1L &
/

 �*
�1
�� P�! 6�1R� ��1L 6�/4+L�*�P/�='$/��< �P ���'�
�$/ �4% ]^8 .

�� *�! M'N O��% �/ H�� ��1! !� �31?@�"#$ (/ 6/ �
��*'2B�*� ��*'���B�*� ��L�#P I�*� d'I L �P ��1! !� 6�)

(�P�*��$/ �*'�1
��*� � �*
 .Q�#P I�*� ��31?@� &
/ �� �� �)
"#$  
�$ �P ��
��� 6��'�P e@V � �!� *�! (/ �)

4��/��1J P.�'2B�*� ���'%�5'� ��'2$/ (/ �31#*� M'N �)
����!�'%�5'��� O��% /� m'#! ����! � m'#! �L �4�1%

K$ ��'% ����J� 4V �� ���S O'5.L �'u� ��.	 � ��� �I >
�$/ ��1P �'�1K'R�S ����J� �L .

@:�4�!p
� (/ 6 
��7L �
(�P�*� (��P 6�)�/ H�� ��1! !� �31?@� 6�) :M�/ .�)/ ?) (/ �
�?���� �
(�P�*�Q�#P I�*� � �)�).� � E(��*J�$
�'�1K'R�S �� �4% �RV �.��P��'$ OFS E1#H 6�)C �D1L (&'A&'A>
� � �)�'�1K'R�S �� �)��'$ OFS E1#H 6�)\ �D1L (�%�� 6�/1� �J�$

h�P O'5.L (/�'�1K'R�S �� � 'L � &%�� 6�)\ � �/ H�� m� G4+� E F 6�) (�'�1#'*IS �'�1#'*IS �� �*.-�/ ��*J�$ 6/�/� �%�� 6�)
��'%�/ H�� �3�>� E F 6�).



m
��?$�8 ~/ �6�H �G�'8��, ��� I G/ 
/ �$�#% ���I � �$�#%�12P �2@� ���

�
(�P�*� ����� &
/ �2,/ Z1U1� �I �)4#*�) �*$� 
"#$ (/ 6 -
��)�I 4#*�) �/ H�� �31?@� ��1! !� 6/d2F

Q�#P I�*� �P�'2B�*� ��)�'�1
��*� �P �N�#� �J P �� � �) �)
�� *�! �-#$ M'N Q�1, �P � 4#*�) �/ ?)6/��'% (/ -

�� �	�
 �'�1K'R�S ����! �L >K$ 4�1%)O5%9M�/.(b�$/ P
6�)4
�(�P��/� � �
/ u, 6�)&'�("#$ ��
�'?'%�� 6�) ��
�
(�P�*���/�� �)"#$ � �
�
�� 
( �*�/(�P 6�) ���.R.LS 6�)

�6�/�S �*�P/� 4#*�) �N�#� �J P �� �I G1A OFS E1#H 
��'$"#$ �.��P �J�$ �D1L 4V �L ���S 4�/� �*�/(�P 6�)

6��'�P �$/ �4)�.� OP�8 � �4��� �1Ru� )O5%6�) 9� E
�.(�
(�P�*���'% O��% �/ H�� 6�)�>K$ � �'�1K'R�S 

����!�'�1K'R�S 4#*�) 6(��P ��'�P �!�/1^J � �!�/1! P �
/��� G�.�4#)� .&'A>
� ��N�#� �J P ��&'A � �) 6�)

b�'�� �� �
�K
( ��'�P &
/ �� 6 *��I� �L 6 *?'2'� 6�)
"#$ �)�4
����1%)O5%9Q.(�'�1#'*IS �� �1H1� 6�)

��'% �'�1#'*IS)�12P Q�1, �P �)��(1$ 6� ��*J�$ �P O5%
 )�� ��1'B�B �L �*.-�/�4% 4�/)O5%9C.(����� �J P ��

�!� ��'2'$ 6�)��6 *?'$� �L 6 *?'*��$ b�'�� 
�
(�P�*��� I ]^8 /� �)4�/ .�!� &
/ ���'2'$ 6�)(/ �4�S P �L 

D�'$ �12KL � ��.� f/ �� �)h#I/� ES ��1! !� 6�) � /�(
� 'B1#'2I �%�B/�&�I�
(�P�*� 6�) D1K'R�S �P �)4#*�) 

)O5%9\.(

A�
B� C
D 
4
�(�P �N �
/ u, �P/�� G��>?) �$� P � �
/ u, 6�)

�
(�P�*��)"#$  -
� �P ��4V ��/ H�� ��^#� ��1! !� 6�)
�av ��H � 4% �%/� P "#$ ��1?� �$� P 6�)

4
� ! �'�L �(�� ]^�� ���S  *.'P (/ �B15$� 5'� .1c#� �P �
�!p
� �$� P 6�)&'�( ��
�'?'%���-#$ ��1?� �P&
 *?I 

���$ !� G/>'�&'�( ��$:� �� � �$�#%&'�( =
>'	&?@�/ 
�
>@L ��1� ��$/ ����H ��K*3/ � Q �% 6/�/� �I &'A 0123

 �
�'?'%4�4% .��� �P �2,/  ,�#3  
����M'N �@#$
 61L B m��$�1W2	X(XRF)��� �P E�'?I  ,�#3 �6�) 

M'N �
���/ �4% �RH 6�?$�B 6�1�  .� �@#$(ICP-
OES)��
���/ �4% �RH 6�?$�B �� H  .� �@#$ M'N 

(ICP-MS)4�4% &''+L .�(/4�/ � &$ &''+L�K�� 6 '! 6�)
�1L�>
/ 6�)U�Pb��� �P M'N �� H  .� �@#$

6�>'� �4% �RH 6�?$�B (LA-ICPMS) ��-.
��(S �� 
��1! !�#$ 6�)� I "�$� C�1� ��-.�/� 6/G�'% �1.I �� 

�$/ �4% 0�@�/ &'A .

����D�3� 
Q�#P I�*� �5)S 6�) � � O��% �/ H�� ��1! !� �31?@� 6�)

4#*�) �*'�1��� �.(�P���I �12KL��) �%�� LG4% �(/4�/ ��/� -
� �)  ''jL Q�#P I "���)(/6 *�I�J �P&%��)0 I �L�1�8 -
6/ &%�� (!p
� (/�"#$ &
/ (��P 6�)�)�$.�'2B�*� �)

 *.'P����! ���'%�5'� ��'2'	 O��% ����! ���'% -
4#*�) m'#! ����! � m'#! �L ��'%�5'� .&
/ d��F �	�P

"#$ �)�*$�P�4'o� (/ �%�� �I ��1P��/�/ 	 �� �
�15�� 
"#$ &
/�$�) .�	�P�*$�P�4'o� ����P F �� >'� 
��'%�5'�� ����! � �)��'%�5' �)�4
����1% .��/�/ 	

"#$ &
/ �� �'L1'P � �
�15�� ��@
/ 6(��P �!�/1! P �)
�$/ �� I.�)�� O5% �P �'L1'P 6�)�12P >'� ��/1� �J P �� 

)Mica fish (�	�P�� I ��@
/ /� O
�� Z1� (/ 6�) �%�� �I 4�/
"#$ &
/ G4% �*'�12'� � �*�
� !� (/G�( �� �) �% P 6�)

�$/.
�
(�P�*��� /� �/ H�� ��1! !� �31?@� 6�) �� �P G/1L

 >K$ ��'% �� !)��'% �'�1#'*IS (�'�1K'R�S ������! 
� I e'��L �'�1K'R�S .��/1� �J P �� � �'�1#'*IS


4$ 6�)(�I1
<�B�?)�'K�S–(�I1-'�/ �Ab73-91An9-26(�
���I��'% �'�1#'*IS �4#)� O'5.L �2,/ 6�)4#*�) �) .

(/ >#-#� � &)S 6�)4'�I/ � &R$/ ��'�2I �Q�4'B/ ��
 2I
���I �2?H�
1��f 6�)��'% �'�1#'*IS �� �I 4#*�) 6/ �)
�� �	�
"#$ &
/ d��F �	�P �4�1%�)�*$�P1L�?� �$/

)O5%6�) `E � M�/ .(>K$ 4#2K��1))�'I�� A� 	 �4#2K��1)
�'I�� A1#'�1�S �((�I1
<�B �)(�I1-'�/ –&
(4�S �

Ab61-77An23-39(���I �����! ��4#)� O'5.L �2,/ 6�)
�'�1K'R�S�'�1K'R�S ����! � �)4#*�) �) ."#$ &
/ �� ��)

 �$/ �/��1J P 6 *.'P ��/�/ 	 (/ >K$ 4#2K��1))O5%`.(
��1?� (/ �J P �� �'L1'POP�8  
���� 6/�/� �-#$ 6�) ��H1L

�� � �$/�>H /� GS G/1L ��I�E��V �P "#$ �2,/ 6�)
���S ."#$ &
/�	�P �) 6�)�*$�P�4'o� � �*$�P1L�?� ��! �

]N��*� �	�P)�'$1I� (�� G�.�4#)� .� �'*#-�1��*'L �&R$/
���I (/ &I 
("#$ &
/ (��P �3 	 6�)4#*�) �) .4)/1%

 �*�
� !�G1A�)�� 6�)�12P ��!�/1^J ��!�/1! P O5%
1'P � >K$ 4#2K��1)"#$ &
/ �� �P1J �P ��'L �)� *�! 

�*	�
/4�)O5%`.(�'�1K'R�S (/ �J P �����I (/ �P��#L ��) -
� 'L 6�))&R$/ � �'*#-� �4#2K��1) (&%�� �)� (�I1
<�B

>L�/1I (�4
����1%.



42H{����?% �����P ����� "#$ &'�( ��$�#%&$ � �?'%�
(�P�*� �@#$6�) . . .���

@:�EG�.� �B15$� 5'�  
��7L�!p
� (/ �J P �4#)�"#$ 6�)�
(�P�*� (��P 6��-�� 6�)�/ H�� ��1! !� �31?@ :M�/ ���'% �'�1#'*IS 
�12P �*R5% 6/�/�O'5.L 6��.	 �
�$ � �'�1#'*IS 6�)�#�B Q�1, �P �I ���S Q���@� �� �4%��/� 6/�/� 6�)�4%  )�� �'�2I >
� 6�) � E �4�/

�(�'�1K'R�S �� &R$/ � 4#2K��1) �1�V (/ �%�� (��P �!�/1! PQ ��) (#2K��1) � ����!C ��'�1K'R�S ����! �� 4(&'A>
� b�'�� �P 6�)
�'�1K'R�S �� �o5$� 5'�\ � �) (�)�� 6�)�12P�'�1K'R�S �� 4#2K��1) O5%�).

F2� :G����� ����#�� ��� 	

H� 
 �D!I# D �� ���
����������

"#$ �
�'?'% �
>@L [
�*� OI��O��% �*
(�P�*� ��1?� 
I�J � �3 	 ��2,/  ,�#3�����D�4H �� ��$/ �4% �;/�/ .

�J�$ �p
� �P �
/ u, 4)/1% �P �H1L �P �64���(�P �.��P 6�)
"#$�
(�P�*� &
/ 4�/��$/ ��1P ��/(�P �) .��-
�H �K'I L 

�
(�P�*� �� �/ H�� 6�)� *�! Ι����2�� �/�1?� CaO - 
MgO - FeOt]9�["#$ >'� GS &
��S 4�/��� 4'
�L /� �)#I4

)O5%nM�/.(��� �/�1?� b�$/  P"#$ 64#P &
��S 6�)
 ��� 'P]99[�
(�P�*� ���� "#$ d'I L ��/ H�� 6�) *.'P �� 
� *�!��/(�P �K'I L �� �/ 8 �) � '!)O5%nE.(�P �H1L �P

��1! !�"#$ G�1P ��1� 6�)�$� P  ,�#3 6Y�P �� uL �
X�>P"#$ G1
 �$��(LILE)�)�P$ �p
� �� e'$�*B � e
4

  P 6�)�/�1?� (/ ���R*$/ ���1! !� 6�)4#
/ 	 �
�BeI  ,�#3-
� uL �e'��*'L � e'#I 
( 4#���  L4#��� �/�1?� Zr/TiO2�K��

�P SiO2]9`[6 L��?*3/ OP�8 � &W?^� [
�*� ��� �$� �P -
4)�)O5%n�.(6/ P ��
�����-
�H�
(�P�*� �K'I L 6�)

*� �P �/ H�� ��^#��
(�P� [
�*� (/ ��4#H � �1I *% 6�)

�
>@L�$/ �4% ���R*$/ >'� �N�#� &
/ �
�'?'% 6�)]9`[
��/� �1H� [
�*� &
/ &'P �P1J ��/1�?) �I)O5%nQ.(

�/�1?� b�$/ PP2O5�P �K�� Zr���1?� �/ H�� �*
(�P�*� 6�)
 �')�� 6/�/��
�'28�P �4#*�) �*'W�1L Q�4�)O5%nC.(

J
2�	
�� ����#�� 9�3���) 
 ��)�� 
�I�J  ,�#3 Q/ ''jL 61-�/ �
�4#I �P �K�� �4% ��@#�P ����

]9n[)O5%aM�/( -��.��#F G�1P�K�� �
(�P�*� 6�)
 �/ H���I�J  ,�#3 (/=K$ ���� (LREE) �K��  ''jL �

LaN/YbN(/ ���S xa/��Lxx/w�$/ .�
(�P�*�  P �/ H�� 6�)
5#3 6�)�/�1?���/(�P �P �K�� �4% ��@#�P �L1K�*.B 6�) 6�)

 �4% ��L E�1� Z1� �$1��'8/ G�'�(NMORB)]9a[�
��/(�P � �'��/ �*%1! �P �K�� �$1��'8/  
/>H 6�)(OIB) 

]9a[��L �(/ �!4%Zr)�Y�P G/4'� Q4% �P  ,�#3 (/
(HFSE)�#F �(/ �!4%LILE 4#��� �)Cs, U �Th �
&'#s?)Pb G�.� ��4#)�)O5%6�)a� � E.(�#F �!4%

 (/Pb"#$  ,�#3 �X�>P �$���� /� G1
 h
YS �P G/1L
�*$1B �/1� �P �?!���K�� GS 6 '-
�H � �1+, �N 6/ �/�

]9q[)O5%aQ.(



m
��?$�8 ~/ �6�H �G�'8��, ��� I G/ 
/ �$�#% ���I � �$�#%�12P �2@� ��}

 K
+"/"#$ �
�'?'% �
>@L [
�*��
(�P�*� OI��� �P �/ H�� ��1! !� �31?@� 6�) 6�)XRF �ICP-MS.
?���1 KM�vv KM9/�� KM��� KM{�{ KM{/{�{ KM{�� KM{} KM{�| KM�| KM�| KM��{ 

SiO2 47/09 47/65 49/63 47/11 48/06 45/13 45/89 43/07 44/68 44/49 51/13 
TiO2 3/06 1/27 1/29 2/52 0/78 3/49 2/68 2/81 2/15 2/38 0/52 
Al2O3 14/61 15/37 14/68 13/88 16/31 14/09 14/2 13/51 16/95 16/02 15/61 
Fe2O3t 13/8 11/02 9/91 14/16 7/48 16/85 13/44 16/71 13/26 14/26 9/59 
MnO 0/16 0/17 0/21 0/21 0/13 0/18 0/2 0/19 0/14 0/23 0/16 
MgO 7/15 6/83 6/04 5/1 9/14 4/14 5/5 4/73 6/03 6/32 7/72 
CaO 9/3 10/68 8/46 8/86 12/57 7 10/89 8/21 6/79 7/94 9/06 
Na2O 1/53 1/92 1/30 4/00 2/17 2/92 2/01 3/00 3/22 1/52 1/98 
K2O 0/65 1/13 1/00 0/56 0/22 1/39 0/46 0/67 0/54 1/13 1/15 
P2O5 0/34 0/14 0/22 0/40 0/08 0/54 0/34 0/46 0/27 0/32 0/08 

�
�� ! �	/ 1/88 2/42 5/82 8/84 2/48 3/44 3/14 5/82 5/38 4/36 1/9 

Z1?@� 99/56 98/60 98/56 105/63 99/42 99/17 98/74 99/18 99/41 98/98 98/8971

Li 48/8 8/84 24/6 7/75 4/84 15/9 6/51 11/7 12/4 21/1 10/5 
Be 0/87 0/50 1/12 1/05 0/29 1/33 1/59 0/72 0/96 0/59 0/62 
Sc 31/1 41/7 40/8 45/5 44/1 29 34/3 37/9 34/3 24/4 39/9 
V 300 236 224 358 181 333 299 419 247 231 207 
Cr 137 122 236 39/2 368 11/6 46/8 45/6 143 34/9 103 
Co 49 37/9 33/1 43/1 42/6 47/1 47 47/9 53/7 51/1 44/5 
Ni 47/9 31/9 45/7 28/6 99 10/4 49/2 46/1 56 51/4 42/1 
Cu 60/5 70/3 58/4 111 89/9 53/8 108 99/1 49 48/5 38/2 
Zn 197 124 152 184 76/4 206 190 151 149 186 87/1 
Ga 20/6 16/8 18/8 21/4 14/1 25/7 20/5 20/6 21/3 21/6 16/4 
Rb 13/4 34/2 54/5 16/7 3/7 42/6 8/1 16/3 19/7 57/1 24/6 
Sr 327 219 325 254 215 393 268 224 370 1551 177 
Y 23/20 23/00 32/90 46/70 15/30 35/90 30/80 43/30 25/70 28/60 18/40 

Mo 0/55 0/44 0/69 0/65 0/58 0/44 0/93 0/37 0/77 0/45 0/47 
Cd 0/14 0/17 0/15 0/14 0/12 0/19 0/18 0/16 0/11 0/11 0/07 
In 0/08 0/09 0/09 0/11 0/04 0/11 0/10 0/09 0/09 0/094 0/07 
Sb 0/69 0/51 0/70 1/04 0/3 0/38 0/52 0/33 0/62 0/46 0/31 
Cs 1/2 0/62 2/93 1/47 0/416 1/48 0/5 0/65 1/62 10 0/93 
Ba 280 174 141 94/1 93/6 339 172 265 151 190 295 
La 22/30 6/33 21/60 16/70 5/14 42/80 24/10 52/50 18/60 26/10 10/20 
Ce 47/1 14/9 43/7 37/4 11/4 82/1 52/3 95/8 39/2 53 20/8 
Pr 6/39 2/16 5/78 5/44 1/61 9/98 6/81 11/4 5/33 7/04 2/68 
Nd 28/10 10/80 25/30 26 8/01 42/6 31/10 44/70 24/10 30/20 11/90 
Sm 6/18 3/14 5/75 6/88 2/33 8/71 6/93 8/57 5/65 6/37 2/88 
Eu 2/13 1/25 1/57 2/26 0/87 2/78 2/3 2/63 1/86 1/99 0/94 
Gd 5/29 2/9 5/11 6/31 2/18 7/7 6/07 8 4/68 5/56 2/54 
Tb 0/977 0/672 1/05 1/41 0/497 1/42 1/17 1/5 0/95 1/08 0/56 
Dy 4/94 3/94 5/92 8/27 2/9 7/45 6/27 8/01 5/14 5/67 3/16 
Ho 0/918 0/898 1/26 1/8 0/64 1/4 1/23 1/69 1/08 1/07 0/69 
Er 2/31 2/33 3/48 4/77 1/65 3/65 3/11 4/66 2/79 2/78 2
Tm 0/33 0/39 0/57 0/77 0/27 0/51 0/47 0/70 0/44 0/42 0/36 
Yb 2 2/46 3/6 4/78 1/76 2/98 2/83 4/33 2/55 2/65 2/33 
Lu 0/25 0/35 0/5 0/64 0/25 0/35 0/35 0/55 0/31 0/34 0/32 
W 0/43 0/52 1/42 0/26 0/37 0/76 0/57 0/57 0/58 0/82 0/44 
Tl 0/07 0/20 0/34 0/15 0/05 0/18 0/03 0/07 0/09 0/35 0/19 
Pb 9/14 52/3 20/4 7/99 3/89 7/96 5/96 4/1 5/4 5/91 7/91 
Bi 0/03 0/10 0/42 0/04 0/04 0/04 0/03 0/08 0/05 0/02 0/06 
Th 2/34 0/567 5/18 1/35 1/1 4/95 2/46 5/19 1/94 2/54 3/62 
U 0/659 0/159 1/12 0/804 0/274 1/15 0/74 0/95 0/62 0/90 0/90 

Nb 28/8 5/9 9/9 10/6 3/11 53/9 32/4 55/4 25/1 33/7 3/71 
Ta 1/9 0/42 0/77 0/66 0/25 3/47 2/12 3/51 1/63 2/24 0/30 
Zr 8/65 6/56 8 68 34/2 10 13/2 12/2 4/78 5/58 5/47 
Hf 0/49 0/49 0/44 2/54 1/44 0/38 0/62 0/49 0/24 0/36 0/49 
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Pb207
206Pb ± σ % Pb207

235U ± σ % Pb206
238U ± σ % Pb208

232Th ± σ % Pb207
206Pb ± σ % Pb207

235U ± σ % Pb206
238U ± σ % Pb208

232Th ± σ % 238U 232Th 

Km352-
1 0/05735 0/00216 0/65349 0/02274 0/08259 0/00142 0/02613 0/00053 504/7 81/15 510/6 13/96 511/6 8/45 521/3 10/35 376/18 344/25

Km352-
2 0/05982 0/00249 0/68006 0/02656 0/0824 0/00145 0/02672 0/00055 597/2 87/81 526/8 16/05 510/4 8/64 532/9 10/86 307/03 319/12

Km352-
3 0/05531 0/00222 0/63325 0/023730/08298 0/00145 0/02552 0/00054 424/6 86/91 498/1 14/75 513/9 8/65 509/3 10/68 322/8 274/37

Km352-
4 0/05909 0/00241 0/66785 0/02543 0/08191 0/00147 0/02529 0/00055 570/6 86/35 519/4 15/48 507/5 8/77 504/8 10/75 477/24 483/95

Km352-
5 0/05978 0/00235 0/68231 0/02501 0/08272 0/00146 0/0269 0/00055 595/1 83/45 528/2 15/09 512/3 8/67 536/6 10/91 316/63 300/69

Km352-
6 0/05798 0/00264 0/65817 0/02848 0/08226 0/00148 0/02625 0/00056 528/8 97/25 513/5 17/44 509/6 8/79 523/6 11/11 266/72 262/43

Km352-
7 0/06201 0/003540/73387 0/04026 0/085770/00173 0/0275 0/00073 674/4 117/72 558/8 23/58 530/5 10/29 548/4 14/39 383/82 393/45

Km352-
8 0/06053 0/0024 0/6899 0/02553 0/0826 0/00148 0/02728 0/00056 622/6 83/13 532/7 15/34 511/6 8/79 544 11/04 406/39 420/46

Km352-
9 0/06725 0/00247 0/80908 0/02761 0/08719 0/00157 0/03083 0/00065 845/6 74/71 601/9 15/5 538/9 9/28 613/6 12/79 457/67 375/09

Km352-
10 0/05767 0/0021 0/65949 0/02232 0/08288 0/00146 0/02771 0/00056 517/1 77/8 514/3 13/66 513/3 8/69 552/5 11/01 432/13 351/82

Km352-
11 0/06064 0/0032 0/68977 0/03482 0/08244 0/00164 0/02825 0/00069 626/7 109/77 532/7 20/92 510/7 9/75 563/1 13/54 448/76 484/2

Km352-
12 0/05316 0/00244 0/61148 0/0268 0/083380/00154 0/02598 0/0006 335/4 100/75 484/5 16/89 516/3 9/16 518/4 11/75 299/09 249/63

Km352-
13 0/0571 0/0018 0/65172 0/01881 0/08274 0/00144 0/02568 0/00048 494/7 68/76 509/5 11/56 512/4 8/56 512/5 9/46 535/46573/38

Km352-
14 0/05842 0/00214 0/66857 0/02284 0/08296 0/00148 0/02534 0/00052 545/5 78/06 519/8 13/9 513/8 8/83 505/8 10/15 406/69 390/94

Km352-
15 0/05929 0/00197 0/6708 0/02049 0/08202 0/00145 0/02555 0/00052 577/9 70/46 521/2 12/45 508/1 8/65 509/9 10/15 582/29 456/45

Km352-
16 0/05543 0/00225 0/63973 0/02458 0/08367 0/00151 0/025830/00052 429/4 88/02 502/1 15/22 518 8/98 515/5 10/17 376/88 428/92

Km352-
17 0/05917 0/00233 0/72434 0/02682 0/08875 0/00162 0/02746 0/00056 573/5 83/25 553/2 15/79 548/2 9/59 547/5 11/01 339/02 394/72

Km352-
18 0/05747 0/00262 0/6574 0/02862 0/08294 0/00155 0/02594 0/0006 509/3 97/6 513 17/54 513/7 9/21 517/5 11/74 251/78 215/93

Km352-
19 0/05849 0/00204 0/67028 0/02179 0/08313 0/00149 0/02514 0/00049 548/2 74/28 520/9 13/24 514/8 8/89 501/9 9/74 380/5 396/34

Km352-
20 0/05757 0/002 0/66401 0/0216 0/08367 0/0015 0/02632 0/00051 513/1 75/02 517/1 13/18 518 8/94 525/1 10/08 415/07 428/6

Km352-
21 0/05753 0/00183 0/65878 0/01937 0/08309 0/00148 0/02615 0/00051 511/4 68/75 513/9 11/86 514/5 8/79 521/8 9/99 507/45 412/2

Km352-
22 0/05757 0/0021 0/66111 0/02265 0/083330/00152 0/0264 0/00055 513/1 78/44 515/3 13/84 515/9 9/02 526/6 10/74 400/62 332/38

Km352-
23 0/06013 0/003830/68388 0/04222 0/08253 0/0018 0/02853 0/00094 608/4 132/11 529/1 25/46 511/2 10/7 568/7 18/38 242/55 160/15

Km352-
24 0/05209 0/00209 0/59945 0/022880/083530/00153 0/02617 0/00053 289/5 88/9 476/9 14/53 517/2 9/08 522/1 10/5 434/4 385/43
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