
)��������	 ��:�/�/������� :��/�/��(

��������� 
������ ���������� � �������� ��������� �� ��� ���� 


���  !��)��#��� ���$ %��# (' �(�) 
�������� �� ���*� �� 

��+��,��-.∗��/� 0����1��1 .2�/3��,4 0%�� 2��5 6

�����	 ������  �!��"� #$%&'  �(��"� #���)* +,	-  ��. 
��+,	-  ��.�)/�,0  �!��"� #$%&'  �(��"� #���)* 

���78 : �12.����0 ��%	 3���4 #�0%)/ 5��"�6 5�1�" �� 78��" �1��. �"�9 �)/�,0 �0�: ;%)/ 3�1	%&,< .�� ��>)	 +�"
�9�* ?%@”A8 ’88 ۫���B’’ �C‘8D ۫A7���E* F�' �”�C’�D ۫G��B“G� ‘�7 ۫G���" �1��. �"�9 ."�6�� +,	- �H� -

�)�I ��3�"�9 J%� K%&0 ��"� .3�L�4"�ME' N< ����O�BP +�%Q" ��>)	#�&,�� �0 33�L ?%&R	�0�	�. �* 5���.� S"���* ��"�
 �,6T �12. �� "�  �* �1,),�%Q�< U� V�6 ���W	 3��"  �"� X,(�B ��0P Y,* 3.���<�1��� �&Z" 3�L #[B�"%< -" ���W	 3
),�%Q�<���< � �,�%��%	 ��%	 � �,�1��� X,(�B \]�^ � -_<%B��" #�,`�P #��%(2	 �'�� 3�L��".����0 �	 5��� ���,E,* 3�L �L�

 ��	 �< +,!��,	 �0 N,2,&,� �,2<" 3"�"� ���W	 3�a/DG +,!��,	 �0 $%,),	%�P �,2<" � �Z�� 8D/�� b,<�B �0 �`2� �< #�Z��
��" ���,E,* +,�%Q�< ?P )SiO2:46/5%#Al2O3: 39/5 %(���"� �&Z�� #.+,!��,	 3"�"� ��>)	 +�" +,�%Q�<AG/8�,2<" �Z�� 

#N���78/G� N,��1I �,2<" �Z�� aa/8��" +LP�,2<" �Z�� .�.c�� �0 �/%B �0 �* �1,),�%Q�< U� V�6 �1W)Z 3�L Y,* 3
-" �)B��`' �< ��0PMOR �����	 �0 $�6 d7�B�/AD,� $�.%&,< �1��� �0 �� ���	�. J�I #e0�	 �1	)LOI ( +,!��,	 �0 +,��ID7/d

��- �B �,O� �fI g�� #�Z��+*�� 3"�0 #3��P�� 5��0 �14 #;P ;h/ �Z�� 5"[,	 5�%0 �OZ �e��)Z�*�<3-�� ��"� ��0��< .

��1�
��:� 
��:i,&�^�P �����.�j���< ���)*j�,),�%Q�< j�,�%��%	 ��%	j�.c�� )Z 3�L�1W.

�4�;4 
��>)	 � �0%)/ 5��"�6 5�1�" �� ��0P Y,* ����0 ��%	 3
���4 78��" �1��. �"�9 �)/�,0 �0�: ;%)/ 3�1	%&,< .

���,�"�k/ �,W9%	  ���R	  �12. +�" ”A8 ’88 ۫���B
’’ �C‘8D ۫A7� �9�* ?%@”�C’�D ۫G��B“G� ‘�7 
۫G���" ���E* F�' ." ��>)	 +�"+,	- J�E,2�B l�R� --

�,*�4 �� 5"��" �6���	 �"�9 J%� V%&0 �9�* 3��,. .
 �12.��"  �*  %< J�'�OB�" -" ��f0 ����0 ��%	 3

)X(*�.(

��>)	 �����< ��0P Y,* 3V�6 m%� -" #3[&� �,: 3-��
�.c�� �0 ����	 +�" �� �<  �* X,(�B #�1,),�%Q�< U� 3�L

���<���,E,*%Q^ #���)*�	 5P �1W)Z 3�L��0��< �N�-"��I .
n�"�* �� �,),�%Q�<PH -" �1E< 3�	� �� � 3�,�" ��C 

�/���1��� 3g)� �����.� �o" �� � �"�. -" �): 3�LAl2O3

0��	 �%/���P .���,&9 �>,R	 +,)p ����[qB -" XZ�4 3�L-
N��� 3�L�,2<" r%s6 �0 � ���	 g)� ���,E,* 3�

o" �0 5P N,��1I5���/ ��	 t��6 ;P 3�L�%* .���,&9 �"%	 �."
�u��)p � �,),�%Q�< #��%* t��6 n,R	 -" X	�< �%@ �0

 

∗+O&B #?%v2	  �)2�%� :87�Aa8d�77G�0�E� #:aw7w�wA)8A��(�(,���1(�" �2I# :Mansoreh152@gmail.com 

?��NL�-%���E* # 3�#���0�CROZ -" #�3�Cx �B ��� 



,L"�0" #�R,0T;%< +��- #�E 5"��" ���)* ���< � ���)*�%&0 �&q	 �Cy

محدوده مورد مطالعه
 ارتفاعات كوه شاه

Birjand 

* t��6 5P -" 3�Z�� X,(�B �,&�" � �,�%��%	 ��%	 #�%
�	�%* ]�[.

�.c��%(�[,� �&Z" 3�L�U� ���,E,* b,<�B �0 �L 
���<5P ���)*��" �120"� �L .�.c���2	%	 5%uEL ���L�#�

b,<�B �0 S�E,�12	 �R>� ��0 �  c�� z>� #z>� �E,* 
���<���< b,<�B �6�)* +�"�0�)0 #���"� {�`B�" ���)* 3�L

� #��� ��O1�" �5P -" �),�0 33���| ��" 3�	" �L]�[.

����� 2�45 
�,4�� ��3��>)	 � }�%6 3����0 ��%	 #���� �0 �/%B �0 3

+,	- ���)*�:�888885"��1f	 ]x[+,	- J_,(�B #���)*
�E��9��"�� �%/� ���B�~ -" �B.#��>)	 +��TP �!)� 3�L�4"� 

�E,� m%� -" �1�,0 #+�%Q" +� �0E'3�1E< �"��	 �0 � M,
g)� ���E* �f0 �� �1�,0 �< �)12L ����O�BP 3�L
 �12.�1��� ��12. �H� ��%	 3��".

 �"%L�	 ����sB ����0 -" \I\(' #3" �0 ��"%L 3�L 

U�,�	�:�CCCC����0 ��I%(���(,	 #��"�RZ 3�L
���� �&�,Z � V-�� e@��	+,	- 3U�,�	 �0 ���)*

�:�CCCC �* �,�B X(* �� �<���"  �* �Q"�" .3�L�4"�
 �!)� ME' N< ����O�BP ���L�%L�	 �]B J�%Z �0 #��>)	
�)12L ���%���[�%	 � 3�,��%I ���%�� m"%�" X	�* �< 

�!)� 3�L�4"� X	�* ����O�BP J_,(�B -" �  �%0 3�,��%I
�1��� X,(�B �,�"� � ��-��P �<"�B #��-��P��" .

�����0 � �Q"�R��Z J"�L����	������< 3���L 5����� �����)* 
�	 g)�� �0  "�EL ME' N< ����O�BP 3�L�4"� �< �)L� 3��L

 �0��	�. �0 ����O�BP  ��* 5����.� ��L ���" .3�L��4"� �1��,0
 ���>)	 ME' N< ����O�BP 5����.� J��* ��0 ���0P Y,�* 3

 �* �f0 m%Eq	 �� ��� ��" "� 3�B����* ������.� ��< ���L
 �	 5��� �	 �)L� 5"%�B �Z ��0 ����4 3"-"�� ��0 3�"%�� J�%�

n�%1	 3�)�I � �1	%&,<�CC �9�* ?�E* ���� �0 �1	 �;%)/ 
���. �H� �� �0�: .

<7�=��>)	 �,W9%	 ��0P Y,* 3]�[.



�&/ �7 ��E* #�#���0�G78 ����0���< 3�L�1��� ���,E,*%Q^ � ���)*U� V�6 ���< 3. . .�C�

<7�6���� �:�8888+,	-��>)	 ���)* ��0P Y,* 3]a[.

����� >�� 
�0 ����0 �%H)	���< � �E,*%Q^ 3�L -" 3�"��0 ��%E� #���)*

�f0 �0 �/%B �0 #�1W)Z V�6 ���W	 X,2��1I }&1f	 3�L
 �(�[,� J��_16")\E� � g�� (���. J�%Z .+�" �,W9%	

��%E� �"%L�	 ��%sB 3�� �0 �L 3"google Earth -" ���E� �
X(* �� ��� 5���.�x�	  �L��	 �%* .��%E� -" 3�"��0
 ��6 ��� �0 �,),�%Q�<)����. J�%Z {%&f	 � �! .�L ��

 ���4 3�"��0 ��%E��C ��	 $�.%&,< J�'�OB�" -" ���W	 3
�* �*"��0 J��O1	 .XR	 �2f� #��%E� +1*"��0 -" �,I

 -"��" �0 �H� ��%	 3�C�B�CC�1��� -" \I � �* �O4 �1	
��� 5�- ��)<ME' -" ��%E� #\]�^ �R>� 3�L�CC �1��� 

�* �*"��0 �1	 .%E���+!EL � ��"��6 -" \I �L 3"�0 3-��
���	-P���* N,2�B �f0 �� �0 ��- 3�L:

�(����0���< 3�L \(�" %B�I �)� �"�I �0 ���)*)XRD(
�(����0 5���%Q%&� \(�" %B�I  �!1�� �0 ���,E,*%Q^ 3�L
)XRF(
x(�1W)Z J����	-P.

 ��	P X4"�	��%E� 3-�� [,���P 3"�0 ���W	 3�LXRD �

XRF " �0��%E� �2f� �< ���. $�q�" J�%Z +� 5��L �� �L
 -"  ��O1�" �0 \]� #���* ��%I �  �,Q�� 5%1�" e��	 �0 � �B�.P
 �f0 �B �!��(� -" �&,� � U� �f0 ��"�/ 3"�0 [��. [<�	

���< X	�* �1�,0 �< �1&,� ��"� �*�� 3�L)� [B�"%<
J�]��&� ( �%0eE/ ��"���* 3��P .��%E� ���%Q�< 3�L �1,),

 �0"�0 S�`���B �&,� � U� �Z�� ��0P Y,*  �*���%0.
��k,B 3�� � "��/ ��� �f0 #3[��. [<�	 XE' -" \I 3"

 �%* i�6 �B �*  �"� �"�9 .��%E� \]� -"  �* i,(OB U� 3
[,���P 3"�0 �&,�XRD  �!����	-P �� XRD $%�&'  �!���"� 

[,���P [,� � #5�k	"� ���IXRF  �!���	-P �� XRF � �(���" 3
���* ����0 ���	 ������  �!��"� $%&'.

����� � ?,� 
����0 �%/� -" �<�4 ��0P Y,* +,�%Q�< �I%(���<�	 3�L

��%E� �� ��0 \,&,��*%. �< ��" �1�� 3�L � [,B 3�L
���"� �)�6 z>� .��%E� �� �	"+,��I \,&,� �< ���L � �B

�*%. #���"� 3�1�,0 3�),	%�P� �  �* ��. �L ��%0�Z z>
���"� .+,�%Q�< \,&,� 5"[,	 m%Eq	 �� ����0 ��0P Y,* 3�L

�0 ���P �%/� �0 "� �)�6 z>� �< 3�%@��".



,L"�0" #�R,0T;%< +��- #�E 5"��" ���)* ���< � ���)*�%&0 �&q	 �C�

��%E� �� $%,��1,B� +LP �!�� 3�L�,2<" �%�4 �1��� 3�L
 g�� ��q�" �'�0  %�9 3�L ���"  ��* +*�� ��- � �B�%Z #3" .

��%E� � �L�,2�<" +��" -" 3�1E< �����	 �< ���L g��� #����"� "
���"� �)*�� ��- �B �,O�.

-" m%Eq	 ������%E� Y,* ���W	 X,2��1I -"  �* �*"��0 3
��0P�5���%Q%&� \(�" %B�I -"  ��O1�" �0 ��%E� )XRF ( ��C

��%E� \(�" %B�I �"�I �0 3)XRD (���* ��[qB .?��/�
���< b,<�BX(* � ���)*y\(�" %B�I -" XZ�4 �"�%E� �)p 

���%E�	 5��� "� �,4�� +�" �&,� -"  �* i,(OB ��� 3�L-
b,<�B +��1E�	 �,�%��%	 ��%	 � �,),�%Q�< #[B�"%< �< �L�

���<�	 X,(�B "� ��>)	 ���)*�)L� .���< -" [,� �'�� 3�L
�	��<  ��*" \]�^ � -_<%B��" #�,`�P #��%(2	 �0 5"%B.

<7�@"%L�	 ��%sB  ���>)	 5���.� i,&�^�P -" 3"��%E� �,W9%	 � ��0P Y,* 3 �* �*"��0 �1,),�%Q�< 3�L 

A��#=���< b,<�B��%E� ���)* �* �*"��0 3�L 
��%E�  ��E* ���< �&Z" 3�L)�CC>I(���<�'�� 3�L)�CC<I(

K23 [B�"%<��,),�%Q�< ��,�%��%	 ��%	 \]�^ 
K24 [B�"%<��,),�%Q�< ��%(2	 
K25 [B�"%<��,�%��%	 ��%	 �
K26 [B�"%<��,),�%Q�< �-_<%B��" �,�%��%	 ��%	 
K28 [B�"%<��,),�%Q�< ��,�%��%	 ��%	 ��%(2	�\]�^ 
K29 [B�"%<��,�%��%	 ��%	 �,`�P�\]�^ 
K30 [B�"%<��,�%��%	 ��%	 �
K31 [B�"%<��,),�%Q�< �,�%��%	 ��%	�\]�^ 
K32 [B�"%<��%Q�< �,), -_<%B��" ��,�%�P��B�� #\]�^ 



�&/ �7 ��E* #�#���0�G78 ����0���< 3�L�1��� ���,E,*%Q^ � ���)*U� V�6 ���< 3. . .�C�

Qtz  : [B�"%<Mont : �,�%��%E1�%	Kaol : �,),�%Q�<Mus :��%(2	 Gyp   :\]�^Alb   :�,`�POr    :-_<%B��" 
<7�B����sB y�&9 -" ��%E� 3�L XRD �,),�%Q�<��0P Y,* 3�L.

������� 
 "��" ���,E,* b,<�B +,�%Q�< ?PSiO2:46/5%#

,Al2O3: 39/5% H2O:14%�s��6�� ��,EL ��� #��" ���L
N�[,)	 #N,2&< #+LP #$%,��1,B 3�L�,2<" �)��	 ���< �3�L 

���"� �%�4 �(,	 � �,�%��%	 ��%	 #J�]��&�]y.[
�0  ��	 �E,*%Q^ ����0 �%H)	�f0 $�EB -" ���W	 33�L

�f0 -" �  �* �1,),�%Q�<B �< ���L 5P b,<�B �� 3�,,k
�	  �L��	��%E� �!)�  ��6 ��� �0 #�%* �0 � �* 3�"��0

���XRF �"�9 �Z�)' �&Z" 3�L�,2<" ���,E,* ����0 ��%	 
�� �< �)1��. ?��/�+,�%Q�< ���,E,* b,<�B ���1� 3�L

 �*  �"� 5��� �,4�� +�" -"  �* �*"��0��".
���1� XRD�	�EB 3"�0 ��%E� %< ���< #�L �&Z" �[/ [B�"

���<��" ���,E,* ���1� �,��B ��%	 �<  �%0 �L .\,&,�

���< ?_R�" � �����.� -" XZ�4g)� �B�(,&,� 3�L 3�L
 "� ��"�"�� [B�"%< �0�	�. \,&,� �0  "�EL #3�,�" � n�"��4

�0 � �,),�%Q�< X,(�B �� \,&,� +�" �< ��"  ���P �%/�
��" �1*"� �<�* �,�%��%	 ��%	 .
 ��	 �� �%/%	 �&Z" 3�L�,2<" ��	 �,O,< �0 ���W	 33

 ���"�� � $�65P -"  �* �,�%B �(,	"�� 3�L#��"� ��� .�0
 �"� �0 �/%B [,���P 3�LXRF��%E� #��0P Y,* 3�LSiO2

��%E��L�0+,!��,	��/�x ?P��" �4 �0 �`2� �Z�� )�/y� 
�Z�� (��" �1�,0 .-" N,2,&,� �,2<" ��"[�" #?P��" �4

 �,,kB � i�6 �	���	 #3-"�.��� #�)�6 ��"[�" b/%	
 #���2	%	 �L�< #�fI $�!)L X(*MOR �fI F�`��" �

�	 ?%sR	�%*]�.[



,L"�0" #�R,0T;%< +��- #�E 5"��" ���)* ���< � ���)*�%&0 �&q	 �C�

A��#C��%E� ���,E,* b,<�B ��0P Y,* �1,),�%Q�< 3�. [<�	 -" \I U� 3�L 
K26 K25 K24 K23 Wt% 
61/25 64/05 64/98 12/66 SiO2 
0/77 0/66 0/82 0/93 TiO2 

23/52 21/66 23/3 19/03 Al2O3 
0/48 0/81 0/69 2/24 TFeO 
0/69 0/98 0/56 0/98 MgO 
2/21 0/79 0/71 1/22 CaO 
1/04 0/30 0/56 1/05 Na2O 
4/18 4/59 2/11 4/19 K2O 
0/60 0/19 0/29 0/08 P2O5 

5/118 4/89 3/388 3/65 L.O.I 

A��# �41�1C
K31 K30 K29 K28 Wt% 
59/31 64/19 65/99 57/79 SiO2

0/43 0/52 0/90 0/81 TiO2
23/92 22/89 20/31 24/43 Al2O3

0/58 0/97 0/75 0/52 TFeO 
1/42 1/10 1/67 1/14 MgO 
3/70 0/92 1/15 5/96 CaO 
0/26 0/62 0/22 0/33 Na2O
4/06 4/16 4/17 3/81 K2O
0/12 0/27 0/18 0/31 P2O5

6/30 3/83 2/51 7/9 L.O.I 

+,!��,	Al2O3��%E� �� �LC�/����" �Z�� .��"[�" �0
 5"[,	 $%,),	%�P �,2<"MOR ���,E,* � �(�[,� �	���	 #

�0�| �0"�0 �� �(,	"�� ?%sR	 ���< � 3���� #���	�. 3
�	 ��"[�" �0��]�.[

+�" � ��"� �%/� ��2��< ���9%� �f0 �� �2,&,� iL_<
p �< �2�P �@�6 �0�6���(* � -�� 5��� -" �0�	�. 3�L 3�L

 �%B �� �%/%	 � ���,&9 �Z�)' �  �	P ��0 ��>)	 3�,�" 3
g)� -" "� �<�6 ���,&9�	 �L��%* .X0�9 5"[,	 �0 [,� \,&,�

 ;�	�. �%6 +�" �0  �_' �  �* �12* g)� 5��� -" ��/%B
 �0 +,	- z>� �0 i��[� �< ��" \,&,� ����0 �Z�� 3��4

�<�	 �1��� �	� � ���� �L X,(�B "� �2,&,� iL_< � �%*
�	�L� .�0 �),	%�P�	 �9�0 �%6 3�/ �� 5�%0 ?%&R	�� �@�6 -

�	 ��q�" "� �,�%��%	 ��%	 � �,),�%Q�< � ���	�)< .�0 +�"�0�)0
�	 ��"[�" ME' �� �),	%�P �"��	 #\,&,� 5�* �12*�0�� .

���	- +,)uEL�	 z>� �0 ME' -" �<P\,&,� �Z�� �0 N,�
�	  ��[�"�%* ]�.[

X	�< �0 3�1��,0 \,&,�� #����	 g)�� ������.� 5�* �B
 �	 ��"[�" �),	%�P 5"[,	 �  �* t��6 ��0�� .X2�. �%�/� 3��L

 ��,��W� 3��%. ��>)	 �� ���- ��,20 �� � �16��� +,�	- 3��L
 �0�	�. �<�4 �q,1� �E2�9 �6�0 �� �< ���L ��0  "��EL ��L

 �%0 +LP �,2<"��"  �* �,),�%Q�< 5�* �!�� b/%	 �.
X(*�J"��,,kB Al2O3��0 �`2�� SiO2��	 5���� "� ��L� .

�	  ��� X(* �� �(��)p �Z�� ��"[�" �0 #�%*SiO2�"��	 -" 
Al2O3��"[���" ���0 \('���0 � �1����< Al2O35"[��,	 -"SiO2

�	 �1��<�%* .��6�p ��< ���" +�" 5P �&' -" �0��	�. 3��L
 (* � -�� 5����� �%�B �� �%�/%	 3�L � n��"��4 �!)�� 3

-" "� �<��6 ����,&9 � ����,&9 �Z�)' �  �	P ��0 ��>)	 3�,�"
 �	 g)���%* .g)�� -" ��/%�B X0�9 �"��	 �0 [,� \,&,� ��L

 �0��	�. +��" ��0  �_�' �  �* �12* �����0 ������	 3"�"� ��L
\,&,� � $� #����� �L�< �0 +,	- z>� �0 i��[� �< ��"pH

�	 �1��� \,&,� #?%&R	 ��"[�" �(,&,� 5"[,	 �q,1� �� �%*
�	 �L�< �),	%�P ��0��.
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<7�D\,&,� 5"[,	 �0 �`2� �),	%�P 5"[,	 J"�,,kB.

�,2��<" ��"[���" ��"[���" #�.�)`2��p �L���< ���'�0 N�����
  ���"�� �� X(* �,,kB � 3���"�. +�"�0��)0 #��* �(,	"��� 3�L

 [/ 5P �4 -" �,0 �%/� ��	 ��E* �0 ��	 3�L�%1<�� ����]y.[
��%E� N��� �,2<" 5"[,	 +,!��,	 ��L�x/C���" ��Z�� .+��"

 5"[��,	Na2O����[qB -" J�]����&� N����� 3g)��� 3���L 3���L
 �����%���[�%	 #3�,��%��I �����%�� ���)��	 3�,���" � n���"��4

 ��"  �* XZ�4 �,�"� � ��-��P �<"�B #3�,��%I .?��`�� ��0
�)<"� 

[9] NaAlSi3O8+ H2O → Na0.3(Al,Mg)2Si4O10(OH)4

+ SiO2

�,2<" J�]��&� �����.� -" N��� �  �* �"-P N��� 3�L
�	 "� �,�%��%	 ��%	 X,(�B�L� .�� S�`���B �,�%��%	 ��%	

��%E� �	�EB��"  �* �����)* ��0P Y,* +�%Q�< 3�L .� �%�4
 b,<�B �� N��� �,2<" �%�4 �0 3�,Q�B �,`�P ���< �����)*

��" ���W	 X,2��1I +�" ���,E,*.
��%E� N,��1I �,2<" +,!��,	 �L�C/x��" �Z�� .�,2<"

 ��	 �  �%0 ��P -"�. N,��1I���0 �� �,O	 3" �(,	"�� 3�L
��" .��%E� N��� �,2<" �0 �`2� N,��1I �,2<" 5"[,	 3�L

��" �B��0 ��0P Y,* .�,2<" 5"[,	 5�%0 ��0 �@�6 �0 +�" �<
 N,��1I��" �),�%Q�< ���	 g)� �� .-" -_<%B��" � ��%(2	

���<N,��1I 3�L[,���P �< ���"�XRD  ���< 5"%)' �0 "� ���P 
 ��	 �� �'����"  �"� 5��� ���W	 3.

 ��[�" N,��1I �,2<" �"��	 �0 #ME' �E� �0 m%Eq	 ��
;P �0 ��%��o 3%�12* 5P �&' �< �%* �	 3%/ � ����� 3�L

�B ��),����" ME' �� .� N��� ���,&9 3�L�,2<" ��"[�"
 �� 5P  ��O1�" 3"�0 �1`�	 �%1<�� #ME' �E� �0 N,��1I

 N,��1I �,2<"  c�� �0 #�,2<" �� +�" "��- ��" i,	"�� e��)Z
 �0 ��0P Y,* ���W	  ��	 �� 5P 5"[,	 �<�%�	 [,� #���

�	 b/%	 � ��,. J�%Z �0%6 �0 5�* �6%&< XE' �B �%*
;h/���0 X9"�4 �0  �* �,�%B ?%sR	 ;P .

���%E� �� 5P +,!���,	 ������	 +LP �,2<" �H� -" ��L��/C
��" �Z�� .#[�	�9 ��B ��- g��� ���q�" ��'�0 +LP 3�L�,2<"

 3�L�,2�<" �  �* ;�T �>�� �L�< � +,��I ��E6 $�(R1�"
 �� V���B ����q�" � N��q4 ���,,kB #g���� ���,,kB ���'�0 5���1,B 

 ���"��,	"�� 3�L�	 �(�%*]�C.[
����0 U��" �0g)� �L $�q�" ��>)	 +�" �� �< ���)*

 �����.� -" $%,��1,B �,2<" � +LP �,2<" �< �* $%&W	 #���.
���< ��[qB �?%`,O	P 3�L �� �%/%	 �,1)!	 � �,B%,0 #

g)���"  �* +,	�B 3�,�" � n�"��4 3�L .[,���P ���1�
XRD��%E� ���< �,L #�L�1,B 3��4 ��� #��(� �����)* $%,�

��"� �%/� #��" +LP �,2<" 3��4 �< �,���"^ ��%��o ���< .
��%E� �*"��0 +,4��>)	 �0�: ;%)/ �f0 3�L 3

��%E� �)��	 # �* �1,),�%Q�< 3�LK23 �K24 5"[,	 #
�0 ��"  �%0��0 $%,��1,B � +LP 3�L�,2<"��%E� �< 3�%@ 3�L

g�� �0 ���W	Z #+*�� ��- 3�L %�9 � �B�% �	P �� 3"��" .�0
3�� #��>)	 �9�* ?�E* � ?�E* �E� �0 �<�4 

�,),�%Q�<�	 N< ��,20 �L�,2<" +�" 5"[,	 #�L��%E� S_�	 �%*-
3�LK31�K30 "�RZ �� NL #�B�%Z �E< �B �,O� g�� �0 

�	  ��� �0%6 �0 3�L[,���P NL � �%*XRD �,��B "� �'�" +�" 
�	�)<.

\]�^ ���<�f0 �� �0 ��0P Y,* �,)�%Q�< �R>� 3�L
�	  �L��	 ��"�"���%* .[,���P � ��"�RZ �L"%* �0 �/%B �0



,L"�0" #�R,0T;%< +��- #�E 5"��" ���)* ���< � ���)*�%&0 �&q	 ��C

���< ���)*(XRD) ?�E* �4"%� �� \]�^ �%/� �Z�� 
��" �1��� ��"[�" ���W	 X,2��1I #�9�* .��>)	 +�" ��

�%0 NL"�� \]�^ X,(�B 3"�0 n�"�* �< J�%Z +�" �0 #
�%� -" �): ;�	�.g)� �!)� 3�L�4"� #J�O ����O�BP 3�L

 ���	 g)� -" N,2&< �  �"� �"�9 �,o�B �RB "� ME' N<
�0�	�. �� �%/%	 J�O�%� �0 �  �* �"-P �,)�%Q�< � b,<�B �L

��"  �"� "� \]�^ ���< X,(�B .

���  !�� 2������ �(�) ������ 
	-�,� e��)Z �� 3[&� �,: ���W	 �"%	 ��0��< +,,WB �!�%!p �)

���	-P �1*� i����L .���	-P +�" �,)�%Q�< 3�� �L 

��>)	�.c�� � ���1� � #�* $�q�" �H� ��%	 3� ���,E,* 3�L
���<��%E� ���)* ?��/ �� ��0P Y,* 3�Lx �* �Q"�" ��" .��

��%E� �0  �_' ?��/ +�"��>)	 ���W	 3�L #����0 ��%	 3
�.c����%E� i� �0 �120"� 3�L V�6 3���]E< �),p 

Goonvean and Rostowrack�,�B �%H)	 �0 �< 5�12&!�" -
�	  ��O1�" �),p 3���* �2���	 #�%* .3�L�,2<" �H� -"

��%E� #���,E,* b,<�B �� �%/%	 �&Z" �0 �`2� ��0P Y,* 3�L
��%E� ����0 ��,20 �����	 3"�"� 5�12&!�" 3SiO2�����	 �
�E<Al2O3��" .

A��#@b,<�B�.c�� � ���)* ���< #���,E,* 5�12&!�" +�� 5�%. +,�%Q�<� �)/�,0 ��0P Y,* +,�%Q�< �1W)Z 3�L.

GR BAPhysical & 
Chemical Propertion Properties 

48/70 64/1 62/27 SiO2
35/6 22/17 22/21 Al2O3
0/65 1/05 0/70 Fe2O3
0/02 0/79 0/66 TiO2
0/14 1/23 2/93 CaO 
0/36 0/80 1/33 MgO 
2/9 3/76 4/05 K2O
0/10 0/73 0/35 Na2O
11/40 4/25 5/10 LOI 

CHEMICAL 
ANALYSIS 

(%) 

***Kaolinite 
n.d **Montmorillonite 
***Feldespar 

n.d **Quartz 
***Mica 

n.d **Gypsum 

MINERALOGICAL 
COMPOSITION 

(%) 

32/00 56/10 49/00 Green (dried at 
110°C)MOR (Kgf/cm2)

n.d 11/60 15/60 Green (dried at 
110°C)

11/25 Bloating Bloating At 1200°C
Contraction 

n.d 0/00 0/00 At 1200°CWATER 
ABSORBTION 

n.d 5/80 5/50 At pH
n.d 72/80 81/40 Brightness 
n.d 15/60 9/20 Yellowness 

COLOR TEST 
GREEN 

80/00 26/20 48/70 Brightness 
n.d 44/80 29/60 Yellowness 

COLOR TEST 
FIRED AT 1200°C

*���W	  ��	 �� �H� ��%	 ���< �%/� �!���� 
GR- Goonvean and Rostowrack chinaclay sample 

 A and B- Shaykh Abad Kaolin Sampls  
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B � +LP 3�L�,2<" �'%Eq	 ��	 $%,��1, ��%	 ���W	 3
�,2<" � N,��1I �,2<"  c�� �0 ���,&9 3�L�,2<" � �1�,0 �H�

��%E� N�����%E� -" �1�,0 ��0P Y,* 3�L��"  �%0 �2,&!�" 3.
��%E� N��� �,2<" 3��0 �Z�� �1`�" b/%	 ��0P Y,* 3�L

 ���"�� X(* �,,kB�	 �(,	"�� 3�L "� 5P ��0��< +�"�0�)0 �%*
 ������	 ���R	 #�1*"��0 �),p � �!��6 �),p 3�L�)<.

�"�� �"%	 �Z��)LOI (��%E� �� ���" +,��I ��0P Y,* 3�L .
+��1E<LOI ��%E� �0 {%0�	 3K29 �0 {%0�	 5P +��1�,0 �

��%E� 3K28 5P +,!��,	 � �120"� ��/y��" �Z�� )X(*�.(
 -"��" ��/ ���	�. J�I 3�,.)LOI(� -" 3�"��	 #5-� "� ��%E

 �B%0 �� "� 5P \]� �  ��< i�� J��	 ��0 � ��1f�� ��),p 3
 �%< �� �'�� 3�	� �0 3Cº��88 N���"� �"��9 .#��	� +��" ��

 �	 ��� -" "� �%6 �!�� 3�L-�. � 3��16�� ;P +,�%Q�< ��L� .
��%E� \]� ��Z�� � #5-� �� J��OB ���* 5-�  ��0�� �LLOI 
�* �`��R	 .

5"[�,	 5�%0 ��0LOI  ���"��� �� X�f&fB ���q�" ��'�0 3
�	 �(,	"���%*]�.[�����	LOI ���%E� �� ������.� ��0 #��L

 ��" �120"� ���	 g)� .��%E� �� �< ��" 3��P��� �0 $-� 3�L
 �"��	 ��0P Y,*SO3)+,0 �<�/��B�/���" �,,kB �� �Z�� (

�����	 �� �< ��"  �%0 ��0LOI �2,� �,o�B �0 .��0 ��/%B ��0
 X(* �"�%E��5"[,	 �LOI �0 �0"�0 �< ;%:�	 +,�%Q�< �� ��

�B���	 #��" �Z�� ��Z�� ��< ��O. 5"%�BLOI ��,)�%Q�< 
��>)	 ��,O,< �q,1� �� �  �* ���- ME' �E� �0 ��0P Y,* 3

 ��	�	 �1�0 +�%Q�< ���W	 3�%* .
�!)� 3�L�4"� �  �* �1,),�%Q�< 3�L�4"� 5��� \]�^ 

< 5P 5%	"�,I �* 5���.� J�* �0 � ��� 5"�"�� �0 #��" 
�	��%* .��� �	�f| �� #�4"� +�" 3�1�"� �� #�2]�^ 3

��" �1�,0 �0�: ;%)/ �0 �`2� �9�* ?�E* �f0 .+,!��,	
 �0�: ;%)/ �� \]�^ �	�f|���B�C�0 � ��" �1	 �1��� 
��� �	�f| �9�* ?�E* �E� -" �1E< �0 \]�^ 3��1��� 

�	 �1	��� .+�" �	�f| � ��"�"�� -" ME' �E� �0 m%Eq	 ��
�	 �1��< ����	 5��� +�" �< �%* J�%Z �0 \]�^ �L�

+,	- �4"� +�" �� ��%��o��" �1��. X(* ���)* .
 ���	 �� \]�^ �%�4 ����W	 3���0P Y,�* ���q�" ��'�0 #

���	 �(,	"���� J�%s��R	 5���,<�B � ����0 �.�)`2��p��%��* .
+�"�0�)0 	 ���< i� ��	 ;%2R	 �1W)Z ��0��<�� N4"[ � �%�*

 ��	 -" ���0�%* �h4 ���W	 3.
��%E� �.c�� �H� -" ��0P Y,* ���W	 3�L �)��	 �1W)Z 3�L

 ���%E� ��0 �`2�� "� 3�B���0 ������	 #i�6 ��E6 $�(R1�"
 �	 5��� 5�12&!�"�)L� .��%E� �� ����0 ��%	 3�L Cº��CC #

��� #��" �0%6 �fI F�`��" 3"�"� �	� �� 3�L �B���0 b�/%	 
5P 5��< }I �	 �L ���" \]�^ 5"�"�� �%�4 5P �&' �< �%* .

�.c��  ��* �1,),�%Q��< U� V��6 �!�� �1W)Z 3�L Y,�* 3
-" �)B��`' ��0PMOR �����	 �0 $�6 d7�B�/AD ���,� $�.%&,< 

+,!��,	 �0 +,��I ���	�. J�I #e0�	 �1	 �1��� �0D7/d#��Z�� 
�,O� �fI g�� ;h�/ �Z�� 5"[,	 5�%0 �OZ � +*�� ��- �B

 �	 3��P�� 5��0 �< ;P ��%�	 }< �*�< �,�%B �%H)	 �0 ��"%B
 3��P��� ��(��)p ���� #���,. �"�9  ��O1�" 3�� �`���)	 3��L

+,�%Q�< ��),p � ����0 �*�< �W)Z �� #��,. J�%Z ��0P Y,* 
�*"� �L"%6 ��0��< [,� �1*"��0 .
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<7�E�����	LOI� �0 ��%E��0P Y,* 3�L.



,L"�0" #�R,0T;%< +��- #�E 5"��" ���)* ���< � ���)*�%&0 �&q	 ���

F�1��� 
���< �����.� �o" �� ��0P Y,* �1,),�%Q�< �1W)Z V�6 3-��

 3�L ?%&R	g)� �0 �0�	�. 3�,�" ���	 3�L��,),� ���,&9 
��"  �* X,(�B .���<< 3�L #�,),�%Q�< #[B�"% 

b,<�B \]�^ � -_<%B��" #�,`�P #��%(2	 #�,�%��%	 ��%	
���<	 ���)* ���	 X,(�B "� ����0 ��%	 ���W	 3�L� .

 ��	 ���,E,* b,<�B ����0 ��0P Y,* �1,),�%Q�< ���W	 3
�	 5��� +,!��,	 �0 ��0 N,2,&,� �,2<" 3"�"� �< �L��a/DG 

+,!��,	 �0 +,��I $%,),	%�P �,2<" � �Z��8D/����" �Z�� .
 ���"�� +�"�0�)0 ��	 +�" �(,	"�� 3�L3�0- ���W	 3����0 

���"� .MOR ��0P Y,* �,),�%Q�< $�6 d7�BAD�0 $�.%&,< 
�1�����" e0�	 �1	 .3��0 �"��	MOR�0 +,�%Q�< �%�4 �&'

���< +�" �%/� �<  �%0 5"�"�� �,�%��%	 ��%	 �b/%	 �L
 ��	 ���2	%	 ��"[�"��"  �* ���W	 3.3��0 ���2	%	

��%E���" �B  �* �'�0 ��0P Y,* 3�L -" 3�,.MOR ���4 �� 
�-�� +(E	�� "� �fI .�����R	 ��q�" b/%	 m%|%	 +�"

 �,6T +�" �,),�%Q�< ��0��< �� 3�1�,0 �f0 �� ���W	 3
X0�9 � b��)	 �*�< �W)Z �� ��� #�* �),p ���� �,�%B

��"  ��O1�" .
�0 �/%B �0 �%/�-" ��/%B X0�9 �����	"� N��� 3�L�,2<

 ��	 �� N,��1I 35P ��"[�" � ���W	 #ME' �E� �0 �L �%/�
 %�9 �B $�< g�� ��q�" � 5�1,B � +LP 3�L�,2<" -" \I 3"

 ���"�� �fI N< ��,20 ;P ;h/ # �* �,�%B �(,	"�� 3�L)��
�OZ �4(��%E� �� �,2&< ���< �%`�  �6��0 � #+,�%Q�< 3�L

 ���"�� Xf&fB �L�< b/%	 �< ��0P Y,*�(,	"�� 3�L 
�	�%* .��0P Y,* +,�%Q�< �0}< �*�< �,�%B 3"�0 $�6 J�%Z

�0  ��O1�" 3"�0 ��� #��" b��)	 e��)Z ��  �))< �I 5"%)'
 ��	 � 3-��h:�< �1*"��0 � �),p ���� �,�%B �� �,��" 3
��"� 3��P�� �0 -�,�.

��1���+ 
J�'�2	 5��0 �L�cI +�" #�,� J���- U�)�	 3�9P ;�)/ 3�L

' U�)�	 3�9P �<�* -" 3�"�	 U�)�	 N��6 ��<�� � 3��`
�E� ����	 5��"�6 +,�%Q�<�*.5"[�[' +�" J���)' -" ���E,EZ

�	 ��"���9 � �(�B���..
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