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Abstract: Fire clay of the Kabutarkuh deposit, located about 50 km 
southeast of Gonabad (Khorasan Province), was analyzed for its 
mineralogical and chemical compositions. Kaolinite, pyrophilite, quartz, 
dickite, gypsum, illite and alunite are the dominant minerals, and a minor 
phase of hematite is also present. Geochemical data show that the whole 
rock sample is mainly composed of SiO2, Al2O3 and K2O. Chemical results 
and petrographical studies give an indication of andesite-latite parent rock, 
which has been altered under the influence of hydrothermal fluids. The 
chondrite-normalized rare earth element (REE) patterns show enrichment in 
the Light REEs. The LREE/HREE ratio of upper layer is higher than the 
lower ones, which indicates mobility of HREE toward the depth. Generally, 
REE, trace elements and major elements patterns show evidence of intense 
alteration and weathering processes related to kaolinization. The high 
measured values of EC and Low measured values of PH are due to solubility 
of alunite and gypsum minerals.
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�. �� '61�������)�*� '�16%2�� (�
� �� (6� �%���5�  �� O"!�� 626� �*����1 � 6%1� .
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 '�H��� �� ��2 @2�� �!�� l��� �� ���T�)� 4�)� '�H���  �2�)�%� �� ��3��� ?��/ �X�)� .

'���4��  �!�"  �����  �2����  '�1��. 
��X!  ��H_ ��� -��3� l�� -� � ,��XRD� � ��	�)� 
l��� @%)�!��XP6� 78���. `�� ��  PW37106� �)���6� .P�6& �� ?<�> @2���1

�6� -5����6� .
 ��<�$����;�� m�f) ������ m�f) �2���������!�  P��"! ��.�n 4P��F� �� 
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1�c� ��  
2� �� �� e��
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��X!�6�6 .� @2���-P�6& �� �6�; �)�2;��66��.
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��X! '�����!�� (XRF) XP�X. �'��)

����!��(NAA) ���T�)� �6 .l�� �� ���T�)�XRF'��� � ��<� �<�%� 6�� � 6<�� 
��X! 
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10087715K2
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1001672102K4

 ;�%22EC 4CEC � PH-��3��� �!�"  ���� #�$ �����  '�1.
EC µs/cmCEC meq/100gPHSample number

873485/182/4120
2/698778/98/3110
8/333487/1092/3K2
2/738470/84/7106

-12/21/5K3
-24/99/3K1

 ;�%234�� �!�"  ���� #�$ �����  �2��3�� ^� �!
,��3  �<�%� � 6<�� ^�>�� ��<� �<�%� ^�>��PPM.

 ��<
$ =����
����
 ���� ���
K10K12K11K3Sample

62/6270/6193/6922/45SiO2

591/0934/0631/0144/0TiO2

74/1679/2225/1954/39Al2O3

36/731/188/0074/0Fe2O3

116/0001/0001/0001/0MnO
28/206/011/008/0MgO
62/009/016/001/0CaO
54/181/029/001/0Na2O
37/218/641/401/0K2O

115/0113/0025/0158/0P2O5

93/465/560/324/14L.O.I.
28/9964/9929/9949/99Total

15156325Cl
16011115456S
13086782Rb
6431131482427Sr
147116155251V
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2227232Y
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18279310Zn
4524109As
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@8� (���
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Velde '�%"� �� �	���"�� �.�X� �� ���)�*� Y���� '�H��� 4�2����   ?�� �� -  �� 4
�)� �6� ���� (�
� . �� b� '�1�����  �� O"!�� ���  �1 ?�� 
2� ����*S� �]�
� 

���� ��&� .��F�x ?�� 
2� �� '��� S���*�� (�
� �� ���  �1 '��62�� 61� . -� -&�! ��
���  ^� �!�)�%� �� P�6&1 4���� '6�)� `�� �� ���)�*� 4'��� �
�� ?��
! 210 �! 

280���	����) N&��  �� �%X2 S���* ����.���� (��  ���� ���/]3[.
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67�4 '6�)� `�� i��)�*� �� ����.���� (�� �� ��k�!�"k �����k �2����k �	���"��]3[.
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�  . N��3�K3 o��$ ���2� p�"2�L! 

�)�CEC(;g100/meq12/2�� ���)�  4�� 
2����%� (��!CEC�����  '������2�2�! 
g100/meq3��  ��H%
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)g100/meq(

3 �! 155 �! 5010 �! 4010 �! 
40

25 �! 
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60 �! 150100 �! 
150

 P�6& -� -&�! ��24CEC-��3� (; ��� -  6���� ���/ �%�2�� p��"�� S���* �� �����  
2� '�1
���  ��"� �2�:.� �� ��\* ��DE! '�1CEC) ���2� �3  ��6L� :& ( 4�����2��� ���� ��Q�

 ���I � ��������� �)�]4[.
 ?��5�3� ���EC �"�� ��PH-��3� �� �� (�
� �����  '�161�.���   '�14?> ?��/ ��Q� 

� �����  �� 47829 � �����; -�� �.�2 ��.�6����� �\� 4�$�� ��  ���� ��X%< '�1�����  
�����  
2� ��6X�62��  �2��3�� '�� � ��� ���6)?��5.(
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67�5 ����3�EC -� �"��pH �� �!�"  �����  �� .

C (���	����
 ��
�
A%) �2��3�� K����d! 4�<�%� #�F!�� ?��
! �� 7� �� Y�<�! 6%  �� ���� pC�3X� -  

 �� �% ������)� �.-� ��<� �<�%� #�F! ��)�N ?��� -) ��<��� P��%  ��� : � '��62��
'��62�� 4�6
� (�)�*� '�H	%) �� �H���  ^� �! � ���)�*� P�]F� �� �H���  ^� �! � 

 4^� �!���P��)��. qG> � ]5[. 
��X! '�����	�)�$ 4�����  ���)�*� �	��	_ � 
6���* �� ���/ �)��� ���� ���� � ,��3 �<�%�]6[.

A%) o��
! '�������
��5�  '�1�����  4Ekosse�2�!�� ����3� 2-TiO3O2Al��
 �.�X�� �)� ��]7[.�)� ���� ���T���� '�1 �����  
2� ��X/�� 4�2��3�� -2:G! �� ����3� 
b� �6� o�
�  .��/ ��X/���-��3� '��* �� �!�"  �����  '�1��
2� ����3��� (�
�  61�

����2� �� �!�"  ���� #�$ ���� A%) - /�����*+�)� ������. K�X��f� -� -&�! ��
A%)��� :�� � �)�%�'�H	%) �2��3�� '6%� 4-Lf%� ���
T
!; �2�6�;'�H-Lf%� �� ��&��  4

-� (��%� A%)�� �.�X� �����  ���� 6���)?��6 .( '��� �)����	��	_ �<�%� #�F! 
-��3� 4,��3  � ��<� -Lf%� ��2�6�; '�H	%) �� �����  '�1��G%H� '�1����3� 78) � '��)
 q�)�! �<�%� #�F!�6�6)?��8.(

� ��<� �<�%� #�F! '�	�� ��  �!�"  �����  �)?��8BY�� (�� (�
�61�-   '�<�%� 
(�J31Si 4Ti 4Al 4P � K�%I�<�%� � �*6��	2� �H! �� (�
� �*6�6%1� . �%I �<�%�

�%I ��Q��� � ���� #�F����I �<�%� s:& p���3! �6� �� �H�; �*6�P�M ��&� ���)�*� 
����.�%I �H%!#�F�� �]%� �*6�K�)�F� '�& -  ���� t .�-�� �Q�6)�-  �]%� 
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K7� ���� A%) �� (6����; �� 4 O�F� �� � �6� h�]� �����; � ���2� ���  ?��
! �� 
�)� �6
� u��$ .���  ^� �! �=X� �� �����; � ���2� ���  ��&� � �����  
2� �)�%�

-��3��1K1,K2)�� P�6& 1(�� 6�2E! �� ���T! 
2�% 6 .  �<�%� #�F! '�	�� �� ,��3
�� \� ����� )?��8B, (�� (�
�61�-  �<�%� As 4Rb 4Sr 4Y 4Zr 4Nb 4Ba 4Th 4U 4

V (��:�� A%) -� �"�� �%I�� (�
� �*6�6%1� .�%I�*6�Rb�%I ��  �*6�K ���31
 �)�)?��8BY��(%2:	2�& � �����; � ���2� ���  ?��
! -  �Rb'�& -� K ���$�) �� 

���  
2� ?��� �1�%I 
2� ��<� �*6��)� .�%I(�J31 �%�	%) �<�%� �*6�Nb 4V 4Th 4
Zr���  ���3�>� ��&� -� e���� 
 �2� ��Q� 
�	%) '�1�)� �*����1 ?��L� �� -  

��62��6�.��R� 
2���Nb�V'��3  #�F! �*����1 PR$ ������ 6]8[ .

67�6-��3� ��X/���k�!�"k j�1 �2�!�� ����3� �� �2-TiO3O2Al]7[.

As�%I :��(�
� �*6��� 61�.As-��3� �� ���)�*� PR$ ��  
1; 6�� � �� �%I '�1
�� : �3��2�� � O2��� S6%%  (��� � �����)� �)� ���� q �> �*����1 �� - ]9[. ��
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6%��� '�<�%� �*6� �H! -� -&�!Co, Cu, Zn� -�  �c2�Mn �H%! -   O2��� ��'��� C�� 
�� #�F�� � 6���:�� �� -  ���2� � ����.���� ���  ��&� ���'�1C���
! �� ?���� 46

�-�� �Q� 6)�S��� 4�6%%  (�)�*� C�� '��� �� S��� s�
%� pC�3�>� -  �)�  
2�g;
)�����  P�3� '�H�����* ( �� �2 � -����
���H2 v�3� �-
2��)� -�.�* ]3[.

6&�7��� ����3� j�%"� �� ��k�!�"k �����k (��:�� ���
T
!� j�H	%) '6%�2SiO � 2Zr/TiO

Winchester,1977.

Y��B,                                                    ��<� �<�%�B,��3  �<�%�

 6&�8'�1�	�� �<�%� )Y�� ( � ��<�), (!�"  ���� #�$ �����  �� ,��3  �<�%�� 4����%* �� �P���
�6��� ���� A%))-Lf%� '�H�2�6�;(.

� �$�����<�%� 4,��3 �<�%� 
��REE ������. '�1�����  � ���� ,��3 �<�%� 
2��3H� 
 ��A%)�)�%� 4
2�g; ��
H�6���� ���*�*� �  .'��� �)��� �	��	_�<�%�  �� � �$���� 
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e
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-� @2��� 4�� �!�"  �����  N2:G! �� �6�; �)�NAA)P�X.����!�� '��) ( �2�6%  -� �"��
6�6� ��G%H� .-� '�	�� ?�� �� �6�; �)�)8 (�)� �6� ����; . N��3�K1,K3 -� e���� 

 N��3� � �Ff) '�HL.�K2�)� �����  -L"M 
2�! 
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