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�@B d�[��\ �
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"J �W��%C ?�a� /.(%* �N
A �N "
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+[B ��%��(9�:

NaAlSi3O8 + 4H2CO3 + 18H2O↔ 4Na+ + 8H4SiO4
+ Al4Si4O10(OH)8 + 4HCO3
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�(@� �� .� �[���7�� /�-� j��$ "s%* �])\ ! �+8�
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. �� �P �G�M �.��])\ Ti "��TB 
 ��06$. "s%* �
. �. �(]%� �
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���(&.

&����:� �����, SiO2TiO2 , Al2O3
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�� +�(&]w.["6�# �� 7pH��B��Ti4+!Al3+�� �N +%�.(B
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*��(@� ��  ��.(8 7�8�6�N.! �N 

!� "8��b"@�N "6�N L%$ �� �(J(� �.+�� �N ��F� ��
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�� /�-� �(I �+%8� !j�E!�(
 ! j
"$ ��	"� "N  !Q*�
	"� 7.�.� h�B"B �N Y
��P. ! ��;. �
."& �N h$�%6� ���!

3+%6�8 F�� .�[$�^� �. UE7��G%�N�� 7 ��06$. �N j�E!�(
 
:N.� �.�7Eu/√(Sm)N(Gd)N=Eu/Eu*; �G�6� �
. +& O1�

��(@� '�@B �� "s%* �
. �A��G%�N�� ��87��N 7"
���� �N �0%� 
rw/>�B��/>�� /�-� ���� L%$ �N �[�� 7��
� "��TB ! +8�

��.+�.
�:N.� �.  ��06$. �N F�� j
"$Ce/Ce* = (Ce)N /

(La)N
0.666. (Nd)N

0.333��G%�N�� 7�.� /�-� �@A ����N �[a� 
(8 +%
."	 �N �J(B �N �A "N ��e� ! �$. 7��* 7"�. �#��.

��A. �
."&
��.� Y]r.[��G%�N��7�[a� Ce �. 7����N �. 

1 -Light rare earth elements 
2- Heavy rare earth elements 

��^��$.  +& ��.F#  ��.(8 7�8 .��
,�$�"N �. ��87
�
"�� 7!�  +& '�G�. /�-� �N(%J 7��
"	M �"& _(%J 7�8

��G%�N�� /M X�$. "N �P �.�7Y�N �� j
"$ �[a� 7�8
 !  +& +��P. d.+
+&�
"�� ���.� �(J!  ��.(8J�� �N 7�8�7

�. ��#��.(8 "6@PCe !REE's�
 +& ��B "2 +�.]�w.[
h�& ��
�+%A �N �[�� ���� "1�%*  +& ��G%�N 7(2�.

�� /�-� �(I �. ��!F� +8�)O5&w��..(�N"6�N S��[*
LREE �N �[�� HREE OA �])\ ! �6&.� 7"Be�N �])\ 

 ��!."	 �� "1�%* �
.�87�  ��.(8 �"6�N L%$ �N �[�� F
�� "�. �
. �A �$. "6-�NG�6� +�.(B�7�
. �^:$ _`J 

���A �� "1�%*/M �])\ Y
.F	. �G�6� �� ! �$� 7�8+&�N �8 .
)q���7:N.� X�$. "N �A 7"2
� �7�� e�N �N .� /M /.(B

 �� ��5&M �#+& ��B �+���$� S�[f.Eu�$. .�#+& ��B �
.
���.(B+
+E �x + 7S�V$+)	 ! �QA(
RQE /+& �6��
"$ 
�=
��
�(& ��G
. .Eu2+��.! !  +& �.�M �#��.(8 �x 

��"#�
�� Y8�A /M �])\ !  +&  ++N�
 .��G%�N��7�
. �0%� 
�� F�� "s%* �� ."
� �+&�N �
��;. �
."& "N �8.(# +�.(B

��A. �
."&
-��� "s%* �
. ���; �N +�.(B+��A. �(I +�
�(&]��.[

�[��(La/Sm)N��(@� �� L%$ �N �[��  ��.(8 7�8
�� /�-� Y
.F	.  �F�.(8 ��!."	 �� ��! �+8��87"��TB  ��.(8 

�$. �6&.+� 7��
� .�N�])\ "2
� S��[*LREEs �. "6-�N 
5MREE's ��!."	 �. "6@A "6�N L%$ �� �[�� �
. ! �$. -

�! ��$.  ��.(8 7�8��[�� (Gd/Yb)N/�-� .� U5* ���;
��  ��.(8 �.(� �N X��= �� "6�N L%$ �� �[�� �
. �%4
 +8�

 �])\ "6�N L%$�� �A �%4� �
+N ��$. "6-�NMREE's 
�. "6-�NHREE's�$. . +& ��G%�N 7(2�. �� �
�6� �
. �6[�.

 �$. �
�� ON�= �
�+%A �N �[�� ���� "1�%*)O5&w_.(
�[��(La/Yb)N��� L%$ �� F��  ��!."	 �. "6-�N ���$�8

 +%8� /�-� �P�%\ 7�#+&LREE's �N �[�� HREE's ��
�(@��7�$.  �F�.(8 ."1�%* �
. ��.+��6$. 7(2�. �)A �(x �N

��(@� ��E "2
+5
 �.  ��.(8 ! j��$ 7�8�!"7��+%%A.

1- Middle rare earth elements 
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����01. 7�(s%� ��)�)I �7+@^� /."
. �$�%& ���P ! �$�%&�()N �)G� r�3

@4�U��.(�!3(� !� �� �
�+%A �N �[��  +& ��G%�N �A�I ���� "1�%* �.�(@� ��� �#+�& ���B ����!F� h��& "2����N ���$�"N ��(� b"@
 �. �])\ Y8�A ! j�E!�(
LREEs p"x �N HREEs.

@4�U_(�!3� !� �� �
�+%A �N  +& ��G%�N 7"s%* +%C �.�(@� �b"@Ha !Hb)/�%� D� ! �()�B����] (3>.[?!+J ZN�:� �8 ��(@��
�$.  +& ��-�.

A B

A

B

V W

V

W
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+)Jyz ��@& �{�/�6��� y|z} ���A "N �#��.(8 "�fgB �@�&(9R ! �$�%& . ..r��

��	���A-CN-K 
�$�"N�� /�-� �N"GB 7�8 j�$�6E ! j
+$ �j��)A �A +%8�

G�6� ���7S�V$+)	 ?Q^�. �� �.�M �8 +�(&]��.[O;."� 
��B �N �#��.(8 �
.+6N.��(@� �#+&�.  ��.(8 7�8Na2O, 

CaO, K2O�� ��-� ���; �� ��(&�6	"-�E O;."� �A 7
���[�# �
 ��%��(9�A O�5-B "f. �� j�$�6E �A"; �N �#��.(8

�� �
�$�%&�(& .L%$ �#��.(8�� .� �
��M 7�8 7!� /.(B
 �
�B �$ �.�(@�Al2O3-(CaO*+Na2O)-K2OP "
(sB �".

<)i 7�6$.� �� �#��.(8 �	"-�E de(@4� �.�(@� �
. ��A-

CN�� �."= �"�#]r.[ �.� j�$"B�� !� �N �6�N.! 7�8 b"@
 ��.(87��(@� �N  ."@8 �$�"N ��(� �:%� /�M 7�8�7��(� 

�� /�-� �.�(@� �
. 7!� �^N/M '�@B ��4=(� �A +8� �� �8
 ����� h:=K2O�� �."= �N �+�"�#*G�6� �� �B��[�7

�$.  +& H��I ��:%� �. +��A. �
. ��#��.(8 . ��&. �,��%C
��(@� +�!� +& 7�6$.� �� �[
"�B �8A-CN�� �."= ��! ��"�#

6,��7��(@� �A �$. �
. �J(B h��J �� Z@* �N �6�N.! 7�8
�� j�$"B S�V$+)	 �I "
�/M ��4=(� �%4
 ��(& h:= �N �8

CN ��$.  +& D
�F� �#��.(8 +%
M"	 �P �$�%4� /.+N �
.
�$. �6&.� Y�� j��)A Y
.F	. ��J �� �)��* /.(%* �N .�
.

 �I�& ! ���$"#� �I�& �.+�� Y8�A �*�N j��)A Y
.F	.
�� �#��.(8�G�6� ! �(&�� ��G
. X(,4� 7. ��e(@4� ."
� �+%A

�#��.(8 b"� Y
.F	. �NCIW(Chemical Index of 

Weathering) !CIA(Chemical Inedx of Alteration) 
����(@� ��! +N�
 Y
.F	. +
�N /�-� Y8�A �$�"N ��(� 7�8
�� +%8�)O5&�.(

<��	�� 
���A��!. 7�8�7��(@� �FB�.(A O��& "6-�N  ��.(8 7�8

 �QP(
RQE)�QP(2��. �B ��[�M (�
��)= ��V$+)	 !)��)P!",��(�
�$. ��B(�N ! �
(5�� .. "N  !Q*���A ��
 /(C 7"2
� 7�8

 ��A"
� ����()
�(� ��(� ! ���
(��8 ����)A �")A(%�)A
��.� �(J! �0$. ! ��B�EM .�
. �� b"� �	"-�E ��:%�

�%\ �N �#��.(8 �� �#+&Ca, Sr, Mg ��B !�� �#+&Al, 
Fe, Na, K, P, Ba, Rb, Hf, Zr, Ta !Nb�$.  �(N  ."@8.

@4�X�.�(@�A-CN-K ��"�# �� �."= S�V$+)	 <)i 7!� ���� L%$ ��4=(� �.�(@� �
. �� .�6$.� �� �#��.(8 +�!�7<)i �N 7�.(� A-CN 
�$.  +& ��-� (2�!�(B �
�(
�(�."# �� +�!� �
. �A ��(2��@8 �$. .�8 ��(@� ��4=(���:%� �^:$ 7�8 n�I ��(@� ! /�M 77$�"N ��(� �

���@��7�6	"# �."= �)a� �
e�N @�� �� "6-�N Z@* �N �6�N.! 7�8 ��(@� �A ���; �� �7�$. �6	"# �."= '!� .� �N �6�N.! 7�8  �.�� ��.(8 b"@
."N F�� ���."6$. �� <=.! (2�!�(B �
�(
�(�."#7�$.  +& "
(sB �.�(@� �
. "N �#��.(8 +�!� "]� �. ��
��� ]r.[
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����01. 7�(s%� ��)�)I �7+@^� /."
. �$�%& ���P ! �$�%&�()N �)G� r��

 /.F�� Y
.F	.H2O)���A O�5-B �)4N �
(��f 7�8 7�.+NM
���()
�(� ��(� ���
(��8 ��
(5�� �")A(%�)A /(C (Y8�A !

��Na +%8� /�-� ! /�"P �.+NM �Y
��A. 7�8+%
M"	 7
(-6�&)Leaching (�$. �#��.(8 �x.

�
. �� j�$�6E ! j
+$ �QA(
RQE �� �#��.(8 �*"$
��B ."
� ��$.  �(N /.F�� D
 �N ��:%� �� �#+&Na !K�B 

�N 7�!+;�$. �.+�� D
 .�)* �N F�� ��
(��8 �(J!
�$. j�$�6E S�V$+)	 �#��.(8.

Y
.F	.��(@� �N �[�� ���!"E�$ �� j
F�%�7 �F�.(8 
+%8� /�-�7�$. ��B(�N ���N Y�� ]3.[��(@� �� 7�8).(8  ��
 �F�.(8 !(��:%� 7+�
(6��."#7(�  � LREE's �N HREE's 

�� /�-� �#+& �%\ �])\ �+%8� "6�N L%$ �� "1�%* �
.
 ��!."	 �. "6@A �x ���� "1�%* X�$. �
. "N ��$.  ��.(8 7�8

�6	�
 <@GB ���!"E�$ �� �#��.(8+�. .��B ��5&M �#+&Eu �N 
�. ���$"#� �x j�E!�(
 ."
� ��$. S�V$+)	 ���$"#� O���

S�V$+)	�N��"# ��.! !  +& �.�M �8�� �8 7��G%�N�� ! �(&
 �� �0%�Eu �� ��G
. +%P.
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