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

���� �� ��	
��
 ����� �� �	 ��
���������� ������� � �����)
�	��� � !�� "���(

���$% &�	�� '()�**+�,�,- 	��$% .+���/(0� ���1�% 2�/% .3

������  !"#�$�%&��'()*  +,-�.�/��01.  �2-�.� 
3�/+4�  +5-�.� �/��01. �64%1  �2-�.� 

���45 :7�8+�9(6��."#��:%� 7�!+; �� <=.! �(�  � 3>="& ?�@& 7"6�()�A � �(B ���C �. �5
 ���(2��. 7D��(B()E 7.FG� 7�8
�%�E �� �A �$. ���(2��. H+%%$ 7���.� /(@%I� /�J"�$ .L%$ �
./�M �N �$. �����(B ! �
�(
�(�."# O��& �P �8 �6��."# 7�8

 +&  +�&(E+�. .N����P "6-L%$ �
. 7�88���A �N  ."@8 �
(5�� ! ��B(�N �FB�.(A ��QA(
RQE .� ��S!+�E. ���B�EM ��0$. �*"	 7�8
���A ! O�B!� ��A"
��� O�,-B  "�B 7�8+%8�.����4� �.  ��06$. �N7%change = [(R

W –R
P)/RP

]100 �� "1�%* S."��TB +1�� �
��(@�& ��
��� "2
+,
 �N UV$ ! ���4B  ��.(8 !  ��B 7�8+�+ ./(W@8 7"1�%*  ��.(8 L%$ �� ����4� �
. X�$. "NSi, Al, Na, 

K, P, Ba, Rb, Zr, Ta, Fe3+, Nb, Y, U /.F�� ��! �$. �6	�
 Y8�A ���� L%$ �N ��
��� ��Mg "1�%* ! �6	�
 Y
.F	. Sr, 
Fe2+, Ca�� /�-� .� 7"�T6� +�!� +%8� ./(W@8 7"1�%*Hf UV$ !Y!Ta%C /�$(� Z@* ���@� /�-� �(I �. ��.++%8� .��

"
���� ! ��.� �(J! ��!F� �[�& �
�+%A �N ���� "1�%*  +& ��G%�N 7(2�.LREE's �N �[�� HREE's�� /�-� �#+& �%\ +8� .
 ��!."	 �� "1�%* �
. OA �])\�� .� /M O��� �A �$. "6�N L%$ �. "6-�N  ��.(8 7�8���A �N �^:$ _`J +%
."	 �N /.(B7�8 

�.� �[�� �$� .��(@� ����:%� 7�87$�"N ��(� �Eu��B ! �#+&Ce�� /�-� �P+�. �[a� ����(�M +8� .��B �� �#+&Eu�� -
�G�6� �� +�.(B7��$"#� �S�V$+)	 �(& ��G
. �8.

�����
����,� :�����(2��. �(�  � ���."# ��P�I ���� "1�%* ��@�&(9R ��#��.(8 b"@.

'%�7% 
/(@%I� �#+& �"I ! �#+%%5& c�^� �N de(@4� �6��."# 7�8

�� 7�8+%
."	 �. O1�;��6I�$��,
F�	 �#��.(8 "�fgB �^B 
?!."# �N���."# �
 ! �6��."# 7�8�� O
+[B  +& ���M 7�8 -

+�(& . ��!."	 �
.�87_M �N  ��.(8 O@; ! h
"�B 7��J 7�8
_M ��(# �
. "��� �� �#+&�(J �@i !  +&e ��8�
7�8

�
e F�� ! �B�V$+)	 Y�N ! jA ! 7FB�.(AX� �. �
�8 7�8
�� O�5-B �6	"NM +%8�]�.[

� �
��@�& 7�8+%
."	 ��,
F�	 �#��.(8 "N /!F	.��&"$ F

���P�� "��TB .� �8 �#��.(8 �
. ��8�� ! �*"$ �A �+8�
 ! .(8 ! _M ���:%� �	."#(E(B ����� L%$ m(� /(C �)�.(* �N

����4	�� ?"6%A �6�
� 7�8�(& .<
�(B ! n"^B �2�(2C 
 +-� �6I�%& �N(I �N �#��.(8 +%
."	 /�
"J �� ���� "1�%*

���A ?Q^�. 7�8+%
."	 "�fgB �^B "1�%* �
. ."
� ��$. 7�8
Y%A.! ��
(��f 7�8��	 O�5-B ! ���!. �-
��P. 7�8����;. 

���A ��(
 ?��[B ! �.(� ?��6�.."= /(#��(# 7�8�� �+�"�#]3.[
���A "N �#��.(8 "�fgB Y8!oE �
. �. p+8 �)5-6� 7�8

���."#��:%� 7�8�2�(2C F�� ! �$�"N ��(� 7�"1�%* ��6	� 

*�0)B �?(q��  +%�
(��"N�@� :����r�r)>���(�,��!"6,�. ��E �:Mohammady1986@yahoo.com 

?�$G8��@& �j8+ 7��/�6��� ��^01 �. ��7r>� �Br�� 



����01. 7�(s%� ��)�)I �7+@^� /."
. �$�%& ���P ! �$�%&�()N �)G� r>3

 ��!."	 �� ���� "1�%* �1�IL%$ �
.  ��.(8 7�8 �N �[�� �8
��(@��$.  ��B 7�8.

2�%
 � �8��9��:; <�=>�%'7?�% ���������� 	��% �
��:%�7 "6�# �� (�  � 7t"* �
��	."TJ 7�8'3�°���B

'3w°��?(x !7�8'3>°���B'3�°���!+; �� 3>
. /�6$"�& �="& ?�@& 7"6�()�P�$.  +& <=.! ���(2�� .

��;��7���� S�@���B c�^� �. �$�"N ��(� /."
. �$�%&
�%�E �. �9FJ7H+%%$ ��. �-�N �
��	."TJ "]� �. ! /�J"�$ 

�$. �(I�%&M /�6�8� ! ��@I /�6$"�& )O5&�.(�
.
 X(54� O�# ! <0B"� X"#.� �#+�.� O��& O�# !� �N ��:%�

�%�C S!�06� /!� �$ �N X"#.��$. j���B ON�= �$�%&.

@A�+-�� �. �
�@&�7���� �:%� �$�%&�7$�"N ��(� �/.��5@8 ! �)��$ �. )��w�] (�.[



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

�%�E H+%%$ 7– ��%A /�J"�$ 7FA"� /."
. 7"6I�N _(%J 7
�� O�,-B .� �$ �N 7"6I�N _(%J �N 7�!�I ?�@& �. ! +8�

�� j���B /!��(&:
�D�9!�!F� �*"	 /!� ��)I.� �7+%)N �*"	 /!� �
"
� 7�8

 ���������&�; �*"	 /!� D�9!�!F� 7..
��:%� "6�# �� �$�"N ��(� 7�)I.� D�9!�!F� �*"	 /!� 7

�$. <=.!]�.[ "6�# ���-�� 77�:�>>>>> ���(2��. ]�[�
L%$ �� �)I.� D�
!�!F� �*"	 /!� ��!�� �
��M 7�8

L%$ �
. �A ��6	�
 /(@%I�. �8�N  �!"� �(B ���C S�(1 7
 �(B �
. �
"6#�FN �+%6�8 .FG� ?�@& ��  �!"�. �C"# �8

�� �6	"# "]� �� ���(2��.�� ?�@6;. ��! ��(& �(B �!� �A 7.
�N �="& ?�@& �� O1. �� �$.  +& �6I�%& (�  � /.(%*

 �"6�# �:$ !  �(N  �(B �
"6#�FN/�M �N /M �F�!"N �. 7. 7�8
; �6��."#�$.  +&  +�&(E  �(B �(I ���$"#� �. O1� .

L%$ ! �����(B "6-�N .� ��:%� �
. 7+�9(6��."# 7�8
�� O�5-B �
�5�� !� �
�(
�(�."# ��9�J� ���6*. �N ! +8�

)���� (L%$ �
. +�(� 7�@#���#�!� m(� �. �8 7.)Hs ( �$.
]�.[

 �(BO�& �� �^N ��(� 7�(0� 7�8L%$ �$�� ! �8 7�8
�
"B �
e�N X–D
 "8 /(�."�E !  �"A �(0� �
"
� D�$.�!R 

 �(B /M jG; �N h$�%6�7���8 7�(0� 7 +& ��G
. ��(#"#� 
�$. .�E �N �
"
� �$�B"A S�N($��
."�()2%A L%$��
. 

N .� S�N($���� ���@8�� S�(1+��&(E. �(B �
. �. UE �8
� �#+& <:= '+* �)* ! �$.  +& �
F2
�J �$�B"A S�N($

 �$�B"A�N �(B �
. /M j9�@i �
 ! �6��."# 7�8 ����i ��	 �8
�A  �(N D�$.�!R S�N($� ��
� �(B O@* /.+�� �6��.(B 7�8

+%A ?"6%A .�  +& ��
.

��� B�C�� D�� 
�N$�"N �(]%�����P ! �@�&(9R 7!� "N �#��.(8 "�f�B �$�%&

� !� �� (�  � 7�8+�9(6��."#�7�.�"N ��(@� b"@�	"# S�(1 .
� !� �
.� �C ��N �. b"@ �� �P ��:%� ��  +& "0; 7�8

/M �. �6&`#."N �87��  ��06$. _"& _M ���gB _��6�. � +&
+�+& .��(@� ��@*. �. �8�/>��/>��/���/3+& �&.�"N "6� .

 �C Z@* "aP.+; "6�N L%$ �B �8�/3�(N "6� .��. ��(@� 
��(@�M ��  +& _��6�. 7�8  �2-
���ALS Chemex ! .����P 

F����M ��(� /."�B  !oV��P  �2-
���MICP-MS+%6	"# �."= .

7!� ��%W@8w �2-�.� 7FP"�  �2-
���M �� ��:%� 7 ��(@� 
F����M /��01.XRD�	"# S�(1 .."N7/.F�� ���4B FeO 

!Fe2O3�.�(@� �.]�[+&  ��06$. .�� �8F����M �
. �
�6�
?!+J�9.�.  +& �+�..

����� E�� 
 +@* Y�N �)A  �#+
� �.L%$ 7��:%� 7�(0� 7�8 ��(� 7

L%$ "]� �. �$�"N "6�# �� �$�%& �B �
�(
�(�."# 7
�� �."= �����(B+�"�# .L%$ �
. �B ��.� �&�� ��4N. �� �8

�$(6�+�. .���PL%$ �
. �$�%& ��QP(
RQE �FB�.(P O��& �8
j�$�6E S�V$+)	 �.�)��)P!",�� m(� �. "6-�N(���B(�N �

�
(,��)O,&3���.(���A F�� ! ��A"
� �*"	 7�8)O,&
3�_(���A ! ��B�EM ! O�B!� ��
(��f 7�8 ! �
")A �S!+�E. 7

���A+%6�8 �+P 7�8 .L%$ �
. �)1. �	�N !  �(N ��.� ��.� �8
�	�N F��/M �� �6�5��"�� ! D�6�)A �9(E 7�8��  +8�-� �8 -

�(& .L%$ �
. �����$"#� �8 �6
")A 7�8)O5&–3�(�
/+& �6
�($($ ! �6��
"$)O5&3�S��!H(7!�

���A�� j-C �N �QA(
RQE O�[= �. �
�8��(I .Y�N �� �
�8
L%$ �.�� j-C �N �
�(�.+�M 7�8�()N ��:%� 7�8��(I .

�#� ��%W@8FB�.(A 7�8-N�= ��:%� �&.(; �� ������(B O
�
!�+�..

�N �8�# �P �$. ��B(�N ���$"#� �. O1�; �
")P ���P
 �
FGB �. O1�; �
(,�� F�� !  �(N  ."@8 �0$. O�5-B

��B(�N �.(J �� F�� ��B(�N��  +8�-� �8�(& .�
�8�QP(
RQE
��:%� ���; �N �P��  +
� 7+%N Zx�%� 7�6$.� �� �+�(&

 +& �
FGB �(�6$� ���)P +�.)O,&3��.(��V$+)	
��.� �(J!  +& �
FGB S�(1 �N F�� �
��)= .���P ��%W@8 -

�
F�9!� O�[= �. �
�8–O1�; F�� �
")P ! �
F�9!�(%�)P 
j��)P �QP(
RQE ���$"#� +
+E �x �.��6
�($($ 7/+&

��-�+�. .�N �
��@�& F����M �. O1�; �
�6� �!�XRD  !Q* 
���A m(� "N���A ���!. 7�87�8 ����)A �")A(%�)A /(C 7"2
� 

���$"#� +%
."	 O1�; �P .� ���()
�(� ��(� ! ���
(��8
��(@� �. 7�.+4B �� +%6�8�$.  �"P ��-� �8 .�A"
� ���A

�N S!�06�  �26$�I !� �N F�� �N F�� ! �.+)5& ! ���!. S�(1
�N ! p�(�(�F# S�(1��  +
� O5&�(& .��(@� �I"N �� �8

���
"$; 7�8�&�� �QA(
RQE �
FGB �. O1� !  +& "B
�
(5�� �.� O�,-B .� �
(��f 7�8+�..



����01. 7�(s%� ��)�)I �7+@^� /."
. �$�%& ���P ! �$�%&�()N �)G� r>�

"��;+F����M �
�6� ICP-MS ��(@� �� 7�8 ��B  ��.(8 !�6�N.! (�  � ��:%� �N .
O�	!"EHb 	!"E�OHa 

 ��B ��(@�  ��.(8 7�8 ��(@�  ��B ��(@�  ��.(8 7�8 ��(@� 
P2D2Hb3Hb1 P1D1Ha3Ha1

�8 ��(@�  ��@& 

�/3�/>�/��/>�/3�/>�/��/>7�.�"N ��(@� Z@*(m)  
>/r� w/rr w/�� �/�� 3/r� �/r� �/�� �/�� SiO2(%wt) 

3�/>��/>3�/>�3/>33/>��/>��/>�w/>TiO2

��/�� r3/�� ��/�> >>/�� ��/�� �w/�� ��/�� >�/�� Al2O3

�>/���/3��/3>�/���/��r/��r/��/�FeO 

3�/���/���/�r�/��>/��>/3�r/��w/�Fe2O3

>�/>>w/>>w/>>�/>>�/>>�/>>�/>>�/>MnO 

r�/>r�/�w�/3w�/3r>/>>3/3rw/�ww/�MgO 

�w/3�r/3��/�� w>/�� �r/3�w/�>>/�>�/�� CaO 

��/3�w/���/>�w/>��/3�r/���/�r�/�Na2O

3�/��w/3rr/�r�/�r�/�>w/�r�/33w/3K2O

3�/>�>/>>�/>>�/>3�/>�>/>�3/>��/>P2O5

�/�r� 3w3 3wr 3�r �/�r� ��3 3r3 33� Ba(ppm) 

rr/w��/�>w/�>�/��>/w��/�� >�/�> wr/�Th     

>/�3 >3/��/�� >/�� �/�> ��/�� 3/�� �/�Nb   

>/�3 3�/�� w/�w >/�� �/�� ��/�� �/�w �/�� Y

w/3��/3�/��/�w/3��/�w/�3/�Hf    

w/�w�/>�/>�/>�/��w/��/�>/�Ta     

r�/�3w/�>�/3>r/3w�/���/���/���/�U

r�w �3/3� �3� 3�> ��r �3/3w r>� ��� Pb   

3�� 3/��� ��/��/�� 33� ��> ��3 �/�3r Rb   

r�/�w >>/�> ��/��w/��>/�r ��/3� >�/�� ��/�3 Cs    

r/�� �3> ��r ��3 �/�3 �3> 3�� ��� Sr    

�� �>> �>� �>r �3�r� �3� �>� Zr    

�/�w �/3� �/3� �/3� �/�� ��/�� �/3� �/33 La   

�/�r ��/�� r/�� r/�� �/�� >�/w� �/�3 �/�� Ce   

>3/��r/��w/��w/�w�/���/��3/�>�/�Pr   

�/�� ��/3> 3/�� �/�� >/�� �r/�> �/3� �/�w Nd   

3w/�33/���/���/�>�/���/r3�/���/�Sm   

�w/>�w/>�r/>��/>�r/>�3/�wr/>w�/>Eu   

��/�w�/���/���/�3�/���/��>/�w�/�Gd   

��/>r3/>��/>r/>�>/>>>/�r�/>��/>Tb   

wr/3w>/��>/���/��r/3>>/r3w/���/3Dy   

��/>w�/>r�/>r�/>�/>3>/�r/>��/>Ho  

>�/���/���/���/�>�/���/�w�/�r�/�Er   

��/>3�/>�>/>�>/>��/>��/>3r/>3�/>Tm  

��/>��/��r/��>/��r/>>�/�r�/��w/�Yb  

��/>3�/>3�/>3�/>��/>�w/>3�/>33/>Lu  



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

��. (�
(5�� (�  � ���."# �� O5& �*�4& ���!. 7�8
 �(� �� ���(2��.XPL 

_(�(� �� ��B(�N D
 /!�� �A"
� �.+)5& ���APPL 

�(�(� �� �
")A �N O
+[B ?�; �� ��B(�NXPL S(�(� �� /+& �6
�($($ ?�; �� �QA(
RQEXPL 

�(6$.� �� �A 7�QA(
RQE�7��:%� +%N7�
FGB �$.  +&� 
�(� ��XPL 

H(�(� �� 7+�$. �QP(
RQE /+& �6��
"$XPL 

@4�3���A �. 7�.+4B �V5$!"5�� "
!�sB ��(@� �� �(J(� 7�8�:%� j��$ d�6[�� 7+�9(6��."# 7�8�7$�"N ��(� �.

���A ��NL%$ 7�8��:%� 7+�9(6��."# 7�87�� (�  � -
�A �N /.(B�� ��&. ��B�EM ! �0$. ��A"
� �FB�.(A '!��� 7�8

�"P .S�V$+)	 +@* Y�N �A �87���A L%$ 7�8 O�5-B .� �8
���G�6� �� +%8�7�()N ��	�0& ���; �#��.(8 
�. .� �(I �

�6	�
 7"�& ���; !  �.� �$��� "]� �N ! +�. �N �A +$�
�=�!���A ! ���
"$ 7�8 +& O
+[B �$� 7�8+�..

 +
+ES�V$+)	 /+& �6��
"$ �
 �6�%��(9�A 7�26�N �8
?()^� h�A"B �N�� �#��.(8 hJ(� �A ��.� �
�8+�(& .7."N

500µm

Ms

Bt

Zrn

Chl 
Bt

Ep 

Pl Pl 

Pl
Opq 



����01. 7�(s%� ��)�)I �7+@^� /."
. �$�%& ���P ! �$�%&�()N �)G� r>r

_M ?�a�_M ! /+& �6�%��(9�A h[$ "6-�N 7+�$. 7�8 7�8
S�V$+)	 O5& "��TB �N O
�@B d�[��\ �
��)= +��.� ���
"$ �N �8

]�.[���AN ��
FGB �. O1�; 7�8�& "6-���A O�� �$� 7�8
 ! ��B�@8 ��
")A ���)
. ����()
�(� ��(� ���%��(9�A ...

����[� �6&� D
 �x �A �+%6�8�87S�V$+)	 �. �
��@�& �8
� O,&�#���.� �@�� ����N Y�� _M /�
"J �*"$ �P +�" .

�.��(I"N �:$(6� �*"$ �. /�
"J �W��%C ?�a� /.(%* �N
A �N "
� Y%A.! �x ��[�M �+&�N�(& �� O
+[B ��%��(9�:

NaAlSi3O8 + 4H2CO3 + 18H2O↔ 4Na+ + 8H4SiO4
+ Al4Si4O10(OH)8 + 4HCO3

-

��%��(9�P ��[�M 
���
"$ �� �8�# 7�8
���[�# ���%��(9�A 7�GN  +& ��

�� O�5-B�! ��(&�8M ����N /�
"J �*"$ �A ����� �6�
 ! �6	"# S�(1 �6�8M F��  ��.(8 O^� �. �.(� ?��6�. �+&�N

�� �."= X"6$� �� ���()
�(� ��(� O�5-B 7."N j
F�%� �"�#
]�.[

L%$ �
��@�& h�A"B ��
��� X�$. "N  ��.(8 ! ���!. 7�8
�� +
�N �6$.� �
. �� ��.� �."= �$�"N ��(� .� "1�%* ��6	� /.(B

�%\�%* �#+&"��	 ! �#+&L%$ �� "1 �
 !  ��.(8 7�8
�(&  +�G%$ ���!. L%$ �N �[�� /�$"#�.

�%�; "	�=� &�F��$% 
 .� �. �5
 ��; �
��@�& S."��TB ���4B ! �$�"N 7�8

[$�^� ��#��.(8�7���A �� "1�%* �])\ �[��  ��.(8 7�8
�$. ���!. ���A �N .."	 �
. ��
�[�� �)6�� 7.FJ. /.F�� +%
.+
�E "s%* D
 �N"��TB /M �])\ �#��.(8 �x �A �7�6&.+� 
��  +�G%$ +&�N�(& .�
"4B "
� S�(1 �N S."��TB +1�� �
.

 �$.  +&]r:[
%change=[(RW-RP)/RP].100 

 /M �� �ARW�(@� �� .� �[�� �
. �7!  ��.(8 RP/�@8 
�(@� �� .� �[���7�� /�-� j��$ "s%* �])\ ! �+8�

H"�� �� �.+
�E ! n"^6����� �."= "�A �"�# .?(@4� �(x �N
 /(C 7"1�%*Zr, Hf, Ti, Nb N�"]� �� �a%I "1�%* /.(%*

�� �6	"#+�(& .-8!oE ��P �
. �� �P �G�M �.��])\ Ti "��TB 
 ��06$. "s%* �
. �. �(]%� �
+N .`� ��$.  �.+� /�-� 7��
�

���(&.

&����:� �����, SiO2TiO2 , Al2O3

7�8+��A.Al !Ti �� pH��N 3!�_(�^� ?()^��� ��	 
�� +�(&]w.["6�# �� 7pH��B��Ti4+!Al3+�� �N +%�.(B

���A ��6I�$ �� +��A!�+�8 �
 +��A. S�(1 �(0� �$� 7�8
+%A .� �� �,��%C�� �$�"N ��(� �#��.(8 b"@
�  +��
. ��(&

Y�N �� FGN +��A. !��87� �^:$ �7�8��	 n"^B �A b"@
\�� '(�%��(�M �. �% �� �"�# S�(1 �N��6�. S�(1 �N +�.(B

Y�N�87�
+%66N�f d�6[�� "2]�.[�#��.(8 b"� Y
.F	. �N
 n"^BAl2O3�� Y
.F	. Y�N �@$ �N Z@* �. ! +N�
 7�8

�� Y8�P /M �.+�� ��^:$ L%$ �N �[�� �G�6� �� ! �+N�

�� /�-� �-8�P 7+�!� "6�N +8�)O5&����..(SiO2�� 

� !� "8��� /�-� .� ����5
 +�!� b"@ �� �P S�(1 �
. �N +8�
 Z@* �� UV$ ! �6	�
 Y8�A /M "
���� ���� ��(@� !� "8

�� Y
.F	.�N ��! �+N�
 L%$ �N ��
��� �� /M �.+�� �)A �(x
�� /�-� Y8�A ���� �
. n"^B 7."N �
."& �
."N�%N �+8�
 �$.  �(N j8."	 +��P.)O,&��_.(

&����:� �����, Na2OK2O

�N j
+$ �N �[�� "6#�FN ��(
 m�4& O��� �N j�$�6E /.F��
�� ?��6�. !  +& �.�M �#��.(8 �G�6� �� 7"6@A+N�
 ."N�%N

 /(�B�A ?��6�. ��	"� 7�(qB]�[/(�B�A S�(1 �N "6#�FN 7�8
���A 7!� �N��6�.�� �=�N �$� 7�8+��� .�[��Na2O/TiO2

e�N �@$ �N�� Y8�A b"@�� 7"N �)��� ���; �
. �A +N�

�$. �#��.(8 �x j
+$ n"^B .! j
+$ 7.(6^� �� Y8�A

S�V$+)	 ���$"#� �. �N�B��N j�$�6E�$�8 .��B �� �#+&
 �#��.(8 �*"$ �%4
 �$. �N�-� �[
"�B j�$�6E ! j
+$ /.F��

 �$.  �(N /��,
 j�$�6E ! j
+$ S�V$+)	)O,&���.(
�[��K2O/TiO2���!"E�$ �� F�� ����."# �N ��
��� �� 

�� �
. �P �$. �6	�
 Y8�A  �F�.(8 �N�-� ��6	� "2���N +�.(B
K2O!Na2O! j�$�6E �A �G�M �. ! �+&�N �#��.(8 ?(x �� 

�N j
+$ �"6�# �(xS�V$+)	 ��6I�$ �� 7. �. �+��.� �(J! �8
�� �
�6� �
. ! �
+$ �QA(
RQE h
"�B �N /.(B S�V$+)	

 �"N �E �#��.(8 "f. �� j�$�6E)O5&��S.(

&����:� �����, CaO P2O5

��(@� �� j��)A +��A. ���!"E�$ �� !  �F�.(8 �6��."# 7�8
S�0�	 ��6I�$ �� "6-�N �N ! ��.� �(�; ��B�EM /(C �
�8

�� F�� �9FJ S�(1 �6&.� �(J! �QA(
RQE ��6I�$ �� +�.(B
 +&�N]�.[

�� ��.(8 "6�N L%$ �I�$ �. 7��fM �(%8 �A 7.�� /�-� .� ���!. L%$ 7�8+8�.



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

� �$�"N�� /�-�  ��.(8 b"@�� !�A +8�CaO/TiO2�� 
Y�N�(@� �N �[�� �:$ �N D
�F� ! ���=(	 7�8�7 �F�.(8 

�(I �. 7"�2@-C Y
.F	. Z@* �@$ �N ��! �6	�
 Y8�A
�� /�-�+8� .�� de�@6;. Y
.F	. �
.�N +�.(B ?��6�. �)*

 �P �+&�N �6��!"E�$ /!� �. j�$�6E ! j
+$ /(C 7"1�%*
 �*�N�$.  +& b"@�� �. Y�N �@�= �
. �N j��)P �(0� .�
.

�N �+N�
 Y8�P b"@�� 7e�N �@$ �N +
�N de(@4� "s%* S��[*
J�� Y
.F	. �N "6�N�7����)P �QP(
RQE h
"�B ! �#��.(8 

?()^� �N !  +& �.�M j��)P�� ?��6�. �8 F����M �. UE �6[�. �+N�

XRD���A �. �5
 �A +& ��-� 7�8 �. O1�; j�� 

�$. ���)A ���$"#�) .O,&���.(
7.(6^�P2O5 �F�.(8 ���."# �N �[�� ���!"E�$ �� 

�� �A �$. �6	�
 Y8�A��-� +�.(B�7��^� �. /M ?��6�. 
+&�N .��B�EM �$�"N �.� /�-�  ��.(8 b"@�� �
 �� ���!. 7�8

 �!+; �P��%�� ! ��.� �(�;  �F�.(8 ���."# �� "0�	 �.
�6��� ?��6�. �#��.(8 �G +N�
)O5&��H] (�>.[

G � H

I&

JK
@A�L"
���� S."��TB +1 ��Al2O3, SiO2, Na2O, K2O, CaO, P2O5�N �[�� TiO2b"@�� �� 7�8  ��.(8Ha  !Hb ��)6�� ���@*. �� 

"6� +;.! ��.



����01. 7�(s%� ��)�)I �7+@^� /."
. �$�%& ���P ! �$�%&�()N �)G� r>�

 &����:� ����� MgO, Fe2O3

N �8M ��.!."	 �S�(1Fe2O3
*��(@� ��  ��.(8 7�8�6�N.! �N 

!� "8��b"@�N "6�N L%$ �� �(J(� �.+�� �N ��F� ��
�$. �
)O5&���..(.
& �[�� �8�� +�.(B)�� �"^B "N �F�C��.
�

."	 �x /(
�6[�. �P �+&�N �#��.(8 +%FeO �N ��
��� �� 

Fe2O3�N �[�� .� 7"6@A ����N Y8�A �(I �. ���� L%$ 
�� /�-� +8�)O5&�_.(/.F��Fe2O3N��� �)A �(x 

��(@� OA �� ��! �$. �6	�
 Y8�A ���� L%$ �N �[�� �8
 �N '�e
�!M��7�A �$. Fe2+��� �� 
�N ��Fe3+TB ��! "

�� /�-� .� 7"6@P �"^B+8� )O,&���.(
�[��MgO/TiO2Y�N �� �!+; <:�� ����� 7�8r>�

�>%�� Y8�A Z@* 7($ �N ��! Y
.F	. +N�
)O,&��S.(
"2���N  �F�.(8 L%$ �N ��
��� �� ���!"E�$ �� j
F�%� Y
.F	.

 �$. ��B(�N Y��]3[.

M�N������ � M8��� .M8����� 
/��,
 d�6[�� ��(
 O����6E �)* �N+Sr2!Ca2+!� �
. ��6	� 

�$. /��@8 F�� /(
]�[��(@� �� �
."N�%N ��$�"N ��(� 7�8
Sr �N  ."@8 Ca�� Y
.F	. +N�
)O5&����.("s%* �Sr ��

 /(
 +%��@8 ���� �:$ �5
�F�Ca�� /�-� Y8�P �@P -
+8� .�. "6-�N �+��.��(I"N �
e�N j��)A �. �A �
�8+�9(6��."#

�
�(
�(�."# m(��
�(
�FB�.(A ! �8 de(@4� �A +%6�8 �
�8
7.�.�+%6�8 F�� 7��
� j
��N .Ba ! Y
.F	. �#��.(8 ?(x �� 

�� /�-� Y8�A���; �
. �A +8� m(� �.(8 ! _M �N �26�N �8
���A��.� S�0�($ ! �(0�($ /.F�� ! ��M �.(� ��$� 7�8 .

�%\ �*�N h)\. ���N��N D-I �
."& �� �#��.(8 �#+&
 ��!."	 �.  ��.(8 7�8Ba�� �(&]��.[!� "8 �])\ "s%*

Ba !Rb �6-�� �� Y8�A ���� L%$ �N �[��  ��.(8 7�8
�� /�-� +%8�)O5&��! _�(�N /(
 !� �
. ."
� �K2O

�� ! �6&.� �8�[&�� 7!"�E /M ��6	� �. �0# /.(B �+%%A
 �x �A ��
�E /.+�� S+& �N O�	(6�� "1�%*  !"# �� ��%W@8

n"^6� ���$"#��� �."= �+�.+�"�# .
��N ��!�N j�)A �(x
�@� /�-� �(I �. 7��
� "��TB"6�# �� ! +8� 7�N D
�F� 

�� �."= "6�N L%$�"�#.

G � H

I&
@A�O"
���� S."��TB +1 �� FeO, MgO, Fe2O3, Fe2O3

t�N �[��TiO2b"@�� ��  ��.(8 7�8Ha !Hb"6� +;.! �� �)6�� ��@*. �� .



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

G � H

I
@A�P"1�%* S."��TB +1�� Ba, Rb, Sr �N �[��Ti��.(8 7�8 ��(@� ��  7Ha !Hb"6� +;.! �� �)6�� ��@*. �� .

Q�� R���% &��> �� �0��* �	 &����:� �����)HFSE(3

�J(B ��(� �#��.(8 "N."N �� ��!��� �)* �N "1�%* �
. +�.
]�3.[/(
 �
. n"^B. �8:$.! �N de�@6;�7?()^� �(J! 7�8

/M F��!�+�8 �
 ! 7+�$. d.+
+& �8)MOH3+(�� S�(1�"�#.

B����S� � B�� ����� 
Nb5+!Ta5+�N /��,
 d�6[�� ��(
 m�4& O��� �N Ti4+�� 

���A �. 7����N�� �
F2
�J "s%* �
. 7�8 �(&]��.[�
+N
���A h[$/�6�B 7�8);"� �.��7� 7"�IgB +%��� �
�@#�

���."# �� �0$. ! O�B!� 7��
� �.+�� 7!�; �8Nb !Ta 
+%6�8]�.[

� ���2C ! O�)�B ���"J ?��4B X�$. "N�b"@�87 ��.(8 
�� �(sB �A �(&Nb �$. n"^6� "�\ ]��[�! ���[�� 7�8

 
High field strength elements 1-

Nb/Ti !Ta/Ti ��(@� �� �
. �A �.� /�-� �$�"N ��(� 7�8
� ?(x �� "1�%*�N �[�� b"@�6	�
 Y8�A "6�N L%$ �! +�.

 �.+� �!"N �(I �. ��.+%C "��TB ��@*. �� +�.)O5&r�! ��. 
_.(

B���9�
 � B������8
 
/(�B�A F��!�+�8 7�8Hf4+!Zr4+�A"�
� ����A �� "6-��N �A

 �� FA"@6� ?()^� �� ��(& ����4� "N��%N 7+��$. d.+
+& 7�8�7
�� b� "
�+8�]�:[

M4+ + H2O→MOH3+ + H+

$�"N��8�
� 7!� �A �b"@�87�6	"# S�(1  ��.(8 +
+J 
�� /�-�/(
 d�$�$. '(�%	�8 ! '(��(A"
� �A +8� "�\ 7�8

 +%6�8 �A"^6�]�.[� ���b"@ !� �
. �$�"N ��(�  ��.(8 7�8
�6&.� Y8�A "6�N L%$ �N ��
��� �� "s%*+�. .Hf �!+; 

�>> %�� /�-� Y8�A�N ��. +8�!� �)A �(x �
. "��TB +�



����01. 7�(s%� ��)�)I �7+@^� /."
. �$�%& ���P ! �$�%&�()N �)G� r�>

� !� �� "s%*��$.  �(N Z[:%� j8 "N b"@ .Zr �!+; F�� 3>%
�N �[�� ��! �&.� Y8�AHf/�$(� �87/�-� .� 7"6-�N 

�� +8�)O5&r��!S.(

M8��8� 
�])\Y/Ti ��!."	 ��  ��.(8 7�8�[��  �F�.(8 L%$ �N 

�$. �6	�
 Y8�A .�N�� "]� �A +$�YY�N �� �. �%\ 7�8

X����� <@GB  ��.(8 b"@+N�
 .�#��.(8 ?(x ��
 (2�!�(B �
�(
�(�."#3�%Y��(@� �. ���!. O;."� �� �6�& �8

/!� ��  ��N!� ! ��$.  +& FA"@B '(�%��(�M �N  ."@8 �$� 7�8
 �N "s%* �
. D
�F� ��[B�. ��! ��$. �6	�
Al�� /�-� +8�

j
"6
. �. 7����N �A?()^� �� �8��.(8 7�8  ��N!� !  +& �.�M  
���A 7!��� _`J �$� 7�8 +�(&]r) [O5&r��.(

G � H
ج

I&
ج

JK
@A�T"1�%* "
���� S."��TB +1��Nb, Ta, Zr, Hf, Y, U �N �[�� Ti��(@� ��  ��.(8 7�8Ha !Hb"6� +;.! �� �)6�� ��@*. �� .



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

B������� � B�8��� 
�(@� �N �[�� '(
�(B �N ��
��� �� '(��.�!. /.F���7 �F�.(8 

�� Y8�A+N�
 .���A �#��.(8'(��.�!. 7�8 �
."& �� �.�
��A.
-�O
+[B ! j6��$ �. '(��.�!. ?��6�. ! ?Q^�. �*�N 
U4+?()^� ����N ���; �N U6+�� �(&]�.[

E ��i"	 �
. �. '(��.�!. �$�"N ��(� <:�� ���!"7�� !  �"A 
 ��!."	�� /�-� �0%� �.+�� ���� L%$ �N �[��  ��.(8 7�8 -

S�(1 �N '(��.�!. ?��6�. "N O��� �A +8�U6+)���Q; O��+N
e�N (�$. j6��$ �.)O5&r�H.(

���- �	�� �0��* 
*��FN d�6[�� ��(
 m�4& O��� �N �6�	"� �$ �P�I ���� "1�%

 (�B�2�!"65�. 7�8+��2�� �N �N��6�. S�(1 �N �A +��.� O
�@B
�	�[@8 �
�()	 ! /o��A. +%����8�
+%8+N O�5-B .� .

$�"N��87S�(1 �P�I ���� "1�%* 7!� �A �5�B�@6��$ 
�6	"#]�������w["1�%* �
. �A �$.  �"P �N�f /�
"J ��

.+J ! n"^B �#��.(8�
��+%N�
 .<
�(B 7."N ��+� ��%W@8
REE's X�$. "N �A  +& �9.�. (2�!�(B  ��.(8 �
�(
�(�."# �� 

G�6� �� "1�%* �
. /M�7_M �N Y%P.! ���A �. 7+�$. 7�8-
�� �.�M ���!. 7�8 +�(&]�w.[

.+J
YLREE 3�. HREE4���A �N "6�N L%$ �$�%&
.� �26�N��. !"# �
. "1�%* ��NEu !Ce �. �B!�06� ��6	� 

�� /�-� �(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 



����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



+)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.[



����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.

Y;��% 
[1] Raguin E., ″Geology of Granite″, Intersience 
Publishers a Division of John Wiley & Sons, 
(1965) 314 p. 
[2] Islam M.R., Peuraniemi V., Aario R., 
Rojstaczer S., ″Geochemistry and mineralogy of 
saprolite in Finnish Lapland″, Applied 
Geochemistry, v. 17, (2001) 885-902 

]�[' �)��$ .,' /�
"04J.,' ���.+[*.�"�$�%& ���� �-��
 ���(2��.�>>>>>/�",�(-P �$�%& ���� /����$ 

]�[' ��
�J�.�"(�  � 7�(0� 7  �(B �@�&(9R ! 7R(�!"6E
)���(2��. �"& ?�@&(" �2-�.� �+&�. �$�%&��A ���� /�
�E �

�/��01.)���� (��>�.
[5] Middlemost E. A. K., "Magmas and Magmatic 
rocks, An Introduction to Igneous Petrology",
Longman ED; (1987) 453 p 
[6] Nesbitt H. W., Markovics G. ″Weathering of 
granodioritic crust, long-term storage of elements 
in weathering profiles, and petrogenesis of 
siliciclastic sediments″. Geochim. Cosmochim. 
Acta. 61 (1997) 1653–1670. 
[7] Sugitani K., Horiuchi Y., Adachi M., Sugisaki 
R., ″Anomalously low Al2O3/TiO2 values for 
Archean cherts Pilbara Block″, Western Australia-

Possible evidence for chemical weathering on the 
early earth. Precam. Res,. 80, (1996) 49-76 
[8] Panahi A., M. Young Grant, H. Rainbird 
Robert, ″Behavior of major and trace elements 
(including REE) during Paleoproterozoic 
pedogenesis and diagenetic alteration of an 
Archean granite near Ville Marie″, Quebec, 
Canada: Pergamon, v. 64, (1999) 2199-2220 
[9] Wilson M. J., ″Clay Mineralogy: Spectroscopic 
and Chemical Determinative Methods″. Chapman 
and Hall. (1994) 256p. 
[10] Banfield J.F., Eggleton, R.A., ″Apatite 
replacement and rare earth mobilization, 
fractionation, and fixation during weathering, 
Clays and Clay Minerals″, v. 37, (1989) 113-127 
[11] Correns C.W., Shaw D.M., Turekian K.K., 
Zemann J., ″Handbook of geochemistry″, Springer-
Verlag, Berlin Heidelberg New York, v. 2, 4, 5 
[12] Middelburg J.J., Van der Weijden C.H., 
Woittiez J.R.W., ″Chemical processes affecting 
mobility of major, minor and trace elements during 
weathering of granitic rocks″, Chemical Geology 
v. 68, (1988) 253-273 
[13] Deer W. A., Howie R. A., Zussman J., ″An 
Introduction to the Rock-Forming Minerals″.
Longman Scientific & Technical, (1966) 528p. 
[14] Brimhall G. H., W. E. Dietrich, ″Constitutive 
mass balance relations between chemical 
composition, volume, density, porosity, and strain 
in metasomatic hydrochemical systems: Results on
weathering and pedogenesis″, Geochim. 
Cosmochim. Acta. 51 (1987), 567-587. 
[15] Duddy I. T., ″Redistribution and fractionation 
of rare earth and other elements in a weathered 
profile″, Chem. Geol. 30, (1980) 363–381. 
[16] Nesbitt H.W., ″Mobility and fractionation of 
rare earth elements during weathering of a 
granodiorite″, Nature 279, (1979) 206-210 
[17] Marsh J. S., ″REE fractionation and Ce 
anomalies in weathered Karoo dolerite″, Chem. 
Geol. 90, (1991) 189–194. 
[18] Sverjensky D.A., ″Europium redox equilibria 
in aqueous solution″, Earth Planet. Sci. Let. v. 67 
(1984) 70-78 
[19] Wollast R., Chou L., ″Surface reactions 
during the early stages of weathering of albite″,
Geochim. Cosmochim. Acta. 56, (1992) 3113–
3123.
[20] Taylor S.R., McLennan S.M., ″The 
continental crust: its composition and evolution″,
(1985) Blackwell, Oxford. 

 


