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SiO2/Al2O3 tu/s rq/s tu/s Z\/s s\/s sr/s pq/s
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Ba v/Zq\ s/tZu u/vp v/Z\s 
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Cr s/Zvq s/Zsq \/Z[q t/Z[s 
Cu v/Z\ r/sZ t/tZ Zs 
Hf t/v \/[< \ \/[<
Mo t/Z p/Z Z/Z u/Z
Nb s/Z[ \/Zp s/Zt Zq 
Ni Z/ru Z/u\ p/v\ q/\v 
Pb Zt p/Zp t/s t/tp 
Rb q/t[uq u/vr s/pqq v/Zts 
Sc r/p Z/Zq Z/r Z/ZZ 
Sr \/\Zp r/tvr q/tqu q/qut 
Th Z/p \/Z\ s/p q/Zv 
U t/t Z/tZ t/t p/Zu 
V r/\v ru u/pq t/pr 
W u/v q/Zs s/Z\ r/ZZ 
Y p/Z[ Z/t[ t/Zt \/Zp 
Zn sr Z/tuv p/q[ t/Zpu 
Zr t/t[[ t/srv r/tsv q/tu\ 

Th/U t/s pr/[ s/s ut/[
La/Sc v/Z r/Z u/Z r/Z
La/Th p/Z \/Z t/t q/Z
Th/Sc ur/[ t/Z u/[ su/Z



)':��"��B! �x�1�O��� ���� ���<�/�9!�6� ��-��< 2 �B ! + �� �� �.)���/0�.. . .���

9��8B�E�9( ����<�@���&B� �.02�)���/ 2 3����]�X�- 1�$ ppm..

0'�B&#��0��2��	 g
�&4 �REE��&B� �.01�$ � 2 3��� 0'�C&#��0��2��	 g
�&4 �REE��&B� �.01�$ � 2 3��� 

��&B� 2�.0����)��O/ NASC,PAAS,UC�*
��J = ! �- .��&B� 2�.0���)��O/�NASC,PAAS,UC �- �
�)9<.

D�E
F�.�G�� 9��%G�)CEC(
1�H �CEC �- ")�J �/�)a2):v(��I- ")! �K��� �
���� �-0
���<�.0� '
� )ZqGZ[(�I
�'< �)ZvGv(2��I5�� *I/�&C 

)s[Gq(��C��/0���� 1�$� .a2): �� �*��9A\� ").�$� �-
�&!CEC��&B� �.0+ I- )���I/ 2� +
� �� ")! �!���- p�I4 
Zv�/� .

��J�.��
� �� ��- %& �&�J k�O/� `20����&� +  n4 ���&B� "��^OI/� �I.
)! .��-0"��)�� � C0CEC 1& 4�< �.0k�OI/� �I- a��IF4 =-�j 

1& 4�I< ��)I�� 2 ")! + $��: U
)/ �
 U �'< �U
��- �%& �&�J
 ̀ 2� �- ")! 7�: �I.0"��)I�� ]I/�9� �I C0)I! .a&I'e� ��
 %&I �&�J k�OI/�1N)pH = 7()I/ k�OI/� a&I'e� 2U
1N

)pH = 8.2(����- 1�&403�@ �.0*.J �*.J� 8 2�"��^O/� 
��< .����&� 1�H ����&B� �.0+ - 1�$ � 2 3��� )���/ 2� p

�4Zv�/� )a2):p(.��-0�.��-��< +  n4 0On9E ��I�&B� -
�.0"��#� 2� �� Y�-�4J �2)X �� "��^O/� �- )���/ 2� 0Bain  2

1���II*B.)Zrpu ("��II#� 20)II���C���< )Zrqu ()II! "��^OII/�
 =*!)\2p.(

��&B� Mnz KRz-1 KRz-2 KRz-3 

La t/Zt v/t\ Z\ \/tZ 

Ce s/t[ u/sp r/tp r/tu 

Nd p/Zs p/Zu Z/Zp Z/Zp 

Sm Z/[< q/v Z/[< s/s

Eu t/Z Z/Z Z/Z v/[

Dy Z/Z t/s s/Z u/t

Yb \/Z p/t p/Z v/t



�/�F(�<�{ �0��BO(��&'- �';� 1��
� �/�9! ���< 2 �/�9! ��x

9��8KCEC��< ��.0/��]Z\[.9��8LEC,CEC,pH ��&B� �.01�$ � 2 3��� )���/ 2� .

9��8M�2)X ��F��� )X 2 Y�-�4J��&B� �.03��� )���/ 2� �� ")! �!���- 1�$ � 2

0'� N��&B� � nj&��.0�� ")! �!���- �0'O�
�5��< ���&B�0��&B��.0�!���- �� ")! 
1�$ � 2 3��� )���/ 2� ]Zr.[ 2�2 3��� )���/1�$ � ]Zr[.

CEC(meq/100gr) �/� ���< 
Zv[Gu[ � �&* ��2 

Z[[G\[ � �&'
�&� ��&� 

q[GZ[ � '
� 

ZvGs + �&K�< 

ZvGv �
�'< 

s[Gq ���5� */�&C 

��&B� pH CEC(meq/100gr) EC(µs/cm) 
KRz-1 [u/u Zs/Zq v[ 
KRz-2 ur/p Zv/u p[q 
KRz-3 u\/p up/Z[ tqr 
KR10 pu/p up/Z[ qts 
KR16 [v/u ts/p G
Mn5 tp/u vr/Zs vu 
Mnz r/p Zs/Zq \v 

��&B� k���$� ��&B� LL(%)
��2� )X�

PL(%)
� B@ )X0

PI(%) 
� B@ S@�!0

SL(%)
��F��� )X 

�O�<�@ 1���0G-J� KR10 Zs/su s/tr u/u rs/tq 
�O�<�@ 1���0 KR16 s/sq Z/tZ t/Zs r/Zp 
H��j 1��� KRz-1 p/su t/t\ v/Zt t/tZ 
�O�<�@ 1���0 KRz-2 v/tp u/Zp p/r u/Zv 
HF/ 1��� KRz-3 st s/Z\ p/Zv Z/Zs 
�O�<�@ 1���0 Mn5 t/qr p/su v/Z[ u/s[ 
�O�<�@ 1���0 Mnz p/tZ \/t Z/Zs p/tt 



)':��"��B! �x�1�O��� ���� ���<�/�9!�6� ��-��< 2 �B ! + �� �� �.)���/0�.. . .���

�������=��& 
��-0"��)�� �I C0�I��� "��)I�� gI
�&4 �O�2�)I . `2� �I- �I.0

�.���)��OIII/� 6�III/��-0AASHTO-T88-702ASTM 
D422-63 )! %�;�� .�I/�� )IE�� 1�HI � +
�O$ -)�� k��{

"��)��0�/�� (�-KR10)vr.t(%�I�&B� �- 1�H � +
�OB< 20
Mn5)r.u(%)��&- �O�-�2)a2):u(.

��
� � QR��
�- �
�O� �- �:&4 �- ")�J �/� I/� HI��j QI��7&�I. �I'( �I- 
�.) �II<� �&WIIX0IIO 	�b �II/ +II.J �2 �II 4�B. =II�� 

���)#���.09.J ��) �- �
 2 ")9<��5 �< �/� 2� ,I!&5 k�&E0
k��{��2J0���j �#�� - 2 )���� � '-�j �.0$
��<� �)�I 4�B. (
�< 2$.�)�I
��<��� 2 �
� 5(�I/� T Ie� k2�I^O� ]s[.��

��&B��.0H��j Q��3���)a2):t(�-�
�IO� �I- �:&4 XRD 
��< �&WX�%)I( �I< �/� ")$� `��HC � 4�B. )9��� ��)9.J 

� � 4�B. �&WX�.�&C )��&4�I- +.J ) �<� �&:2 �- �=*I! 
"�&- �
 2�*9
� ��I< ��O@�I/ ����I.0��'<&I9 '< )I9��� �I#
� 

�: � '
� ��
�*�J0�/� �O	�C .�
N �.0QI�� HFI/ �I'( �I-
�&WX 2�	 +.J )Fe2+(F! ���*�.0I- �
�'< 2 � '
� ��&I:2

�/� ")�J]s[.
N�II- �F�II�0�II�&B��II.0N�II- 1�HII � �II- iN�IIBOX� N�II- 0

32

2

OAl
SiO �II/� �O�I-�2 H4��&I< .i�OF�I� 1�HI �N�II-0Si:Al 2

�E�9( �B. �� �
� 'j0��&B� ��I< = *$I4 =I �� ��I.��I�&� 
� �&'
�&�)�F�� Si:Al �2)X ��t:Z"�&I- (�I '
� 2%)I( 2

� 9 �&K�< = *$4 �/� .1�&- U< �'(SiO2��&B� � �.�)I��&4
 �-pHO$I�� T e� �,
�HI	� �I- 2 "�&I- �O�I-�2 pHa�Ie�� 

SiO2� ,
�H	� �)-�
)Krauskopf, 1995 .(#O�FB.��F�� 

+ -Al2O32K2O)=*!u(i�OF�I� 1�H � 2N�I-0
ONa
OK

2

22

H �#O�FB.��2 � '
� ��)�� + - �F�K2O)=*!r(�; O�-
0�&WX ��<�� '
��/�]q[.#O�FB.�I^9� �+ I- CaO 2

Al2O3��&B� �� �.03��� )���/ �����< ,
�H	� �- )��&4 �I.0
4�9-�<�)�
�*�J �� �&�2� �� �'< (�I- �< )!�- �O�-�2 �I:&4

 N�- 1�H � �-0LOI)a2):t(�/� � :&4 =-�j .�I- �I:&4 �I- 
#O�FB.�^9� �+ I- Al2O32MgO )�I�&B� �� �I.0)���I/ 

3��� (2H � �
�O�XRD+
� ��&B��.�1�H � MgO  � �� �1�&4
�- �&:2��<��.04�9-�< �� :&4 �
�*�J 2 � �&�2� )9��� �<�.

1�H �Fe2O3��&B� ��&B� �� �.�.0�/� �OB< ���)��O/� .��IO	�
 ���< ��$� �4 2�.0+.J �- ��� T Ie� �B I! �I- k)! �I.0

ed/�* I�L�
� 2��pH�Eh ��n	 � ��.01&
 �.04�I9-�< �2
� a�O9< ��C&C��&!.

Q9/ �� 6� 0�. ���02�X ��I9( �k�I9-�< Sr �O$I - �� 
0�H:� �- �
���� 2 )���� ���j �4�9-�< �I� ��I9( +
� 0��;9.-

���$� )��&4)!�- k�9-�< �&WX �� 0� ]v[.)I9��� 0�E�9( Th�
Nb�Zr�Y�U���< �� =�� + #9/ 0�. =I-��� �� �I< +<�
�

 )���)
�5 �C���&.��I� H<�BO� )�&I! ]\[.�IE�9(Sc �V�Zn �
Ni �Cr�Sr �Ba �Co �Cs  �Rb �Cu���< �- iN&Bn� �I/� 0�.

 "��B. 2 "�&- �
���� U<1J�.�#�� - �
���� UI< �� �IE�9( +I
� 
Q9/� 2 ���� 0�. 1�HI  4��&I< 0N�I- )I!�- H.Rb  �� �IOB<K

3�eO� 2 ��/� Rb �- �F�� K�- � '
� �� �e :�4 �&? 0�.
 �I� �j�I- "���&I. )I��� ]\[.Na �Ca�Sr  �I- �� �$I9
HC �&I?

��B � ���&. 0�."�O�! 21& 4�< i�OF�I� ��&I
 ��nI! �I- �
�.
 )9��� Y�H-K�Cs �Rb�Ba  -��I- �ed/ 7�: �' /2 �&I?

 6� 02� �e :�4 � F�4 �. ���&. ��B � �� 2 ")! "�j�- �-�c 
��)���]\[�- �- �:&4 �- �< 0��I;9.Rb  )a2)I:s(�&WIX 2

�
�IO� �- �:&4 �- 2 � '
� ���<XRD)a2)I:Z(�I :&4 =I-�j
�/�.Th,U �� 2� �. 2 �O!�� �42�^O� ��O	� �C���&. a&? �� 
���< )���� 0�O$ - H<�B4 +<�
� )9��� %2��� 0�. .�I- %&I ���2� 
&E k�U6+ �- 2 a&'e� k�&EU4+ �I4 2 "�&I- a&'e��� + $I�
��)�&!]p[.��&B� �� 0�I.Mnz 2KRz-2 1�HI � U2Th �� 

��&B� �E�9( +
� 1�&- U< �'( �- �< �/� �OB< ���)��O/� 0�.
���� Q9/ �� .��&B� �� 0�I. KRz-1 2KRz-3 ��)I�� U�I- 

Th �- �< �/� �O$ - ���< �� %& ���2� �&WX �'( �- �/� 0�.
 �/� � '
� "l
2]u[.)I9��� �KH: �E�9( + - �F�� �#O�FB.

Zr �Th �Ba 2Nb �I'( �I- iN�IBOX� �< ���� �&:2 "�#OI/�@ 
2 1��*
 H�L�
� �? �<�O$� ��O	� �
 �I/� .�I^9� �#O�IFB.

 + -Sr�Cr  2Nb �I'( �I- iN�IBOX� �< ���� �&:2 �� k2�I^4
"�#O/�@ ")99< + ��4 0Sr�Cr �/� 3)I�� 1�HI � �#��I - �I<

REE �/� "�#O/�@ Q9/ ] <�4 �� �.]r�Z[[.�I- 0��I;9.
 �F��Eu �- 2�^9� 0��;9.Ce  Q9/ �� 1�$I� �-&I/� 0�.

 Q9I/ UI< �C���&I. ")9.� "�#OI/�@ �I/� ]ZZGZs[.�I98
 �C)!LREE�- �F�� �.HREE ��&B� �� �. =I �� +
� �- �.
�< �/�HREE  �- �F�� �.LREE�e4 0���� �. 0�O$I - 3

�I? 2 ")I! �O$ - ,
�): �C���&. k)! ,
�H	� �- 2 )9O�.



�/�F(�<�{ �0��BO(��&'- �';� 1��
� �/�9! ���< 2 �/�9! ���

 �C���&.LREE �' /2 �- �.���< 2 �
&��c 0�.��	 0�I/� 0�.
� '
� "l
&-�� 7�: �.)�&! )Prudencio,1989 .( �C)9<��5 

HREE 2LREE���< �- �#O�I- �
�I ��< k��I  �4 2 �/�9!
���� ]v[.

"��� �� "��^O/� �- ;4 0�.�
H 2� +I
� �I nj&� ��
� B ! 0
�� 1�$� S�$� �6&<� ���&B� 02� )���/ ���� Q9/ �< ).�

�II ���C )���II/ 2� +II
�/�II �&
�G�II/� �II����- )=*II!Z[.(

S@�II! �FII/�e� ���II/�C� 2 �C���&II. 0�II.)MClennan 
,1993(���&IIB� 02� 2A-CN-K ]v[�II� ")II
� 1�$II� �&II!

)=*!ZZ2Zt.(0�I C���j �I- �I:&4 �- �I�&B� g'Io 02� �I.
Al2O3-(CaO + Na2O) �I- "�#OI/�@ Q9I/ �C���&I. )
�� 
�/� T/&O� �4 U< k)!.1�&- + K�5 CEC ��&B� 0�I. 2� �I.

)���/ �'( �- �&WX �
 �&WX %)( ��)�� U< ��I< ��I/� 0�I.
� �&'
�&� ��&� 2 � �&* ��2 )9����/� .

89��S�. ��&B� k��{ "��)�� +  n4 �
�O�0� )���/ 1�$ � 2 3��.
k��{ �dj "��)�� 

��&B� k���$� 
��&B� Sand(%) Silt(%) Clay(%) 

H��j 1��� KR21 q/tZ \/s[ qu 
HF/ 1��� KR22 q/tr \/q\ tq 
�O�<�@ 1���0 KR12 t/vr u/ts Zp 
�O�<�@ 1���0 Mn5 u/r u/p[ q/Zr 

0'�T�d-�� Al2O3وK2O(%)   ��&B��.00'�U#O�FB.�2 � '
� + - K2O(%) ��&B��.0
1�$ � 2 3��� )���/ .1�$ � 2 3��� )���/.

0'�1V���&B� �� "��^O/� �- ���� Q9/ �&� +  n4Al2O3،TiO2]Zv[.



)':��"��B! �x�1�O��� ���� ���<�/�9!�6� ��-��< 2 �B ! + �� �� �.)���/0�.. . .��z

0'�WW���&B�A-CN-K  ��&B� ��
����.02 3��� 0'�WX���&B� A-CNK-FM ��&B� ��
����.03��� 2
2 1�$ � ��&B��.0���)��O/� NASC ،PAAS ،UC.2 1�$ � ��&B��.0���)��O/� NASC ،PAAS،UC.

D���
� 
�2� )X �
�O���� B@ S@�! 20��&B� �.02 3��� )���I/ 2� 

_<�&< 2 HO�&. ���&B� 2 1�$ � )=*!Zs(��
��� 201J�- �.
�
�O�XRD ��< �&WX ���.0I/� ��I '
� �� �I
�'< 2�4I 
 )
�&B� .����&����&B� ��- 2 �/� + K�5 �.0� 1J 1��- N�- �1�&4

 �J ��&� ���� �&O9- 2�.0*��I- �I
 ��� U
)I/ ���I< "��^OI/� .
�II- �II/�� "��)II�� �� k��{ )IIE�� 1�HII � +
�O$II -KR10 2

�I�&B� �- 1�H � +
�OB<0Mn5�I/� �O�I-�2 .)IE�� �&WIX
 ")9.� = *$4 ��&� �� �/�� �� �
N�-0* ���/ ��)- �� ��)��&4

�.�c�0F/�9��� ��:�- �� 0����#- ]Zt[.�&:2 �'( �- �. 1���
1J �� U �'<�B� �. )9��&4��)- ��0�. ��2 �)�2� ��< �- U<��O�

 3�@ +
� �- �.�&? "��O�C �0�@�/ �� ��^/  �92 �I*.J 0�I.
�� ��< �- �.�:J �)�2���
��&:&� U �'< ���&� +
� �� 1��� ��

 �B� �BX�H� ��;
� ��94 �� �I- �I*'- )9< ��2J��)IC RI
 1�&I9(
 1��� 0��- 0�� O�� �� 7&�e� �.�&! .��&B��.0� +
� )���/ 2

4�9-�< �'( �-���- �1�&- 0!�< �@�/ ��I/� ]I/�9� ��&
� .
��-0/��- ��I/� �IO�- ��I ^ < �IM� �� )���/ 2� +
� �O� j� 

,�-�.0/��- ��&� "H�� �� "��^O/� �- m�L �)�� C ���j .+I
�
��&B� Wn- �� )
�- �.�"��)I�� )9��� k��: 0���I�&� 2 k��{ �2

Wn- 1�H ��! ��B 4 �E�9( 2� �I- ")0I/��- 1J �>I j� 2 �I4
�O$ -0�&! %�;�� .

�0'W;6� � nj&��.0/��- �2� ")! 0���&B� �.0Holtz and Kovacs ]Zt[.



�/�F(�<�{ �0��BO(��&'- �';� 1��
� �/�9! ���< 2 �/�9! ���

Y8�
� 
]Z[4�F��jJ��.�"/�9! + ���1��
� "�+ I�� 1����/ k���$O�� 

/�9!��&$< )Zsus.(
]t[����06."��/ �9 �-0�� �I:J 3�I@ ]I <�4 "�2)Ie� 

��� II! ��II!"�II/�9!��< �II��� 1�II
�5 ���� II! "�#$II��� )II!�� 
)Zsuq.(
]s[% �<�4 ."/�9! Q9/�-&/� �"&I/&� yB:�4 �0I��X ���

-&Fe���..�#$��� ���: k���$O���)�$� )Zsps .( 
[4] J.V. Lisboa, J.M.F. Carvalho, A. Oliveira, C. 
Carvalho, J. Grade, "A preliminary case sudy of 
potential ceramic raw mterials in the Aileu area of 
Timor Leste", Journal of Asian Earth Sciences, 
(2006), 593-602. 

]v[" 1&�9 �2�.�.�"�I. "��� ��-��<0�
� B I!&KL "�yIB:�4 
�-)I� �O<� �m��� �O<�06 �..�#$I��� �$I� HI<���1��I�4 �

)Zsuq.(
[6] Baioumy H.M., Gharaie M.H.M., 
"Characterization and origin of late Devonian 
illitic clay deposits southwestern Iran", Applied 
Clay Science,(2007), 318-324.                                          

]p[� �I| '< +
)�� U;�� 5.�"��I< �In��d��O@�9I! �+ I�� �
B !���BOX� H�L 2�%� BI/ �&�I� 3�@ �����<"��I��� 1�I
�5 

/�9!��<���� ! "�#$��� )!�� )Zsu\ .(Zsv�^eE .
]u[7 1&� � .�I�.7 1&O���I< �.�"�
� B I! + I�� a&IE�"�

	�! 6)9�� �m��� �O<� yB:�4���.��� I! "�#$��� �$� H<��
)ZspZ .(v\\ �^eE .

[9] Awwiller D.N., "Geochronology and mass 
transfer in Gulf Coast mudrocks (south-center 
Texas,USA): Rb-Sr,Sm-Nd and REE systematics",  
Chemical    Geology. Vol. 116(1994) 61-84. 
[10] Sousa D.J.L., "Geochemical evolution of the 
Capim River Kaolin Northern Brazil", Journal of 
Geochemical Exploration, 88(2006), 329-331. 

[11] Taylor S.R., Mclennan S.M., "The 
composition and evolution  of the Continental 
Crust: Rare earth element evidence from 
sedimentary rocks", Philos Trans. R. Soc. A 30 
(1981) 381-399. 
[12] Mahmoudi S., Srasra., Zargouni F., "The use 
of Tunisian Barremian clay in the traditional 
ceramic industry: Optimization of ceramic 
properties", Applied Clay Science, (2007),125-
129.
[13] Prudencio M.I., Gouveia M.A., "REE 
distribution in present-day and ancient surface 
environment of basaltic rocks, central Portugal",
Clay Minerals, 30(1995), 239-248. 
[14] Mahjoor A.S, Karimi M., Rastegarlari A.,  
" Mineralogical  and geochemical characteristics 
of clay deposits from South Abarkouh District of 
Clay Deposit (Central Iran) and Their 
Appications", Journal of Applied Sciences, 9 (4) 
(2009), 601-614. 
[15] Dohrmann R., "Cation exchange capcity 
methodologyI: An efficient model for the detection 
of incorrect cation exchange capacity and 
exchangeable cation results", Applied Clay 
Science, (2006),  31-36. 
[16] Modesto C., Bernardin A.M.,"Determination 
of clay plasticity: Indentation method versus 
Pfefferkorn method"., Applied Clay Science, 
(2007), 1-5. 

]Zp[F �)III9( ��.^III/&
 ��k.�"III�� �$III�� +!III/�9�
Z:Z[[�[[[ ��&< "/�9! + �� 1����/ ���)In� k�	�$IO<� 2�

�&$<)Zsus (�B! Y�- "�\vqu 
[18] Ekosse G., "Provenance of the Kgwakgwe 
kaolin deposit in Southeastern Botswana and its 
possible utilization", Applied Clay Science, 20 
(2001), 137–152. 


