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7 $�#�' &"(6, �1 $! 5�1,�"4� 3"("! �� ��2"��0�1: يدهچك #* �$��1 ��,� 8�*,9��':& ;"():9 <:=. >:5 8?�:1 �=$ �1 
�$* .A,$� !
* 8�B C,6�(3 ��-5,"1 ���D 8*�*� E-F* �B 8�*':�� � C�:G�� ��:"1,-
�9 �H�#,
�1 ��,3,"5*�1 �'"I,%
�5 �6-($* 8�B

 �$* �4"%"�*�	 .J%$ �9�%1�5 8�B 9 �K9 '�#�$ !
* L�M�
��9 �"N �'"M"3 �("6�O�
� 8�6	�  �*�P 8* >:�� �:5 '�* CH !
�:9 ':%
*�	 ��:B
 �$* C'& �6
�"3 � C'& ��"-"$ .J%:$ !
* �� C'& ��"-"$ � '"M"3 �1�:�6�* C':& ��:"-"$ �Q�:D �:1 �6):"1 �:(BH 8�:B

 �$* R-6�� C*�*'��G .��
� �S� #* ���D C'& ��"-"$ ��$�%& -(:$* 8�B � ���'�:-5 �T9�*,:5��("� U,:� #* �6):"1 �:"2�� !:
* �6
�$* T9�*,5�/� 8�*'�� .�'& �'B�)� V�W9�* �D�:$T
� �:5 ��:�H �/��:"1 �%"):��G T9�*,:5 U,� � �6-($* ���D U*,�* !"1 8���:D
 �'%%5 X�6%5 �6-($* �$* �%")��G T9�*,5 U,� 8.���D C'& ��"-"$ )F 8�6$*� �� '�#�$ !
* �6-($* 8�B Y� Z#�:� ��[K�* 8�B�

 �$* �'& �6)�� \"-"$ � �6	�
 X[K�* �6"�-5 ���D ���2 !
* �� �5 �$* ��*� .!:
* �� ':"I,%
�5 � C�:G�� ��,3,"5*�1 8�B ���D
A,$� '�* �6&*� *� C'& ��"-"$ 8*�1 �"$��2 !
�6)"1 �B .�]��D�� �,G� ���D E"5�9 �� >
T"%� '%��� �
�B ':%��� �6-(:$* 8�:B

5*�1 �'%%5 X�6%5 ;�*,. #* �B'"I,%
�5 � �B�,3," �$* C'& ��"-"$ �1 *TG* !
* �"$��2 8.J%:$ !:
* �� �("6�O�:
� �:
�"3 8�:B
 �1 �(BH �� �'
� �*'-(& ��4%� 8�B�,-1 ^�,_'�,& .�� Y� �%"	'9 T�O�
� �Q �� �*'��G `�� #*'a1 '%
*�	 !
*'B� .�:1 C'& �6
�"3

 �� � �
�"2* b
*�& �1 ^'&C,
 C�,1 c�6$� 8�BFe �S�$* �6�1*� �%"	'9 �("6�O�
� b"K� �� .


C'& ��"-"$dC'& �6:هاي كليديواژه�"3 d���5 �"��* �$�%&d�D�$T
� d���D �-"�	 8�Bd,6)"& '�#�$ d\WQ .

 شناسيو زمينمقدمه
���D �0B�e3 !
* �� �'& �6
�"3 � �'& ��"-"$ �-"�	 8�B

7BH J%$ ��0�1 8�B ��4"�,1�5 !$ �1 ,6)"& '�#�$ 
�'& fP*� !
�
#'�* .8*�*� ,6)"& '�#�$ #* 0�1 !
*�*,9��1

�
�
�� ��,=a� b
*�& �K9 � ��,1 �'�,& <=. >5 ?�1 �=$
 7
 ���9�%1�5 g���'& �6)�� '�*]
.[,6)"& '�#�$ !$8�

��
�3 !
T��,9��$* !
#�FH !
T
� �9 ]�[.'�#�$ 8,/�* j�1 
6)"&�"2�� �� ��1 !"��* 8*�1 ,�$* �'& �	�a� �,5 71#* 8

]k.[j�1 �,/�* j�1 #* *'G '�#�$ !
* 

\WQ �P�& A,%G �"2�� �� �aG��)�"2���*� �� l,2 8�
);(&
(��*�]�.[�"2�� !
* ��,6)"& '�#�$#*0�1 �� 

,6)"&8
��P,	 !"��� !$ �1 �,6)"& �8�!$ �1 
�4"�,1�m!")"3;"n)9 �$* �'& .�-"$� �1 0�1 �� !
*8

�	*�-"& �o"�)9 ;1�P �/
'n
 #* j,� <	* +�� �1 *'�.��
�"2��8�*��� l,2 �,6)"& 8
��'2 �� �6���p 8*�*� 
k���6� � �$* n
�T� ����qcCH-"& ;"�	 �3 C�# r
 �

/%$ �$�� ��6"�** rBH J%$ �1 �*�=B �!BH ����p �1 �*�
��� �'
� �6� �,&�)�*� �,3,��4$ C�# .(��8!
* 

∗!4-9 �X,s�� �'%�
,� t�1�=�:uvwvxvy)��

(�("���6(�* ��3 �:mkhanehbad@ferdowsi.um.ac.ir 

X�$>6�"1 z��=& �
����1�
{K4_ #* �
�
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���D ���1 8,$,� ����2 �1,WK� C*�
* �$�%& ���5 � �$�%&�,-1 �-|� 
��

'2*����nBH ;"& �6� �;"�	 �1 ��"9 �B8C*�*�	 C�=B �
 
��*� �,G� j,� <	* .,6)"& ����p8��"2�� �� 8l,2 

�*������'2 �� ��� �6� �5 �$**rBH J%$ A��%9 #
�6�m�D8�$* �'& ;"n)9 ;"& �.�$��1 ��,� ��6�  

�$* 8T5�� C*�
* 8��6D�$ !"�#�$ #* �)�1.�1 ��/� �1 
��*,B�� �
��]9�)�� � 8*!"�# 8�B o�)� ��"2�� �$�%&

�� �6	�  �*�P \WQ Z,-1 �� �$��1 ��,� f}�� �5 �,&
�$*.

.,� 8�� 1��aP,� !"�#�"2�� �$�%&�$"�1 شكل
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'-G ������=& 
���1 �
k�
 �'%%5 X�6%5 ;�*,. �$��1���5 ;"()9 8�� �
�"3 � \"-"$ 8�B . . .
�k

�1A,$� �� �-5 �,Q8�B9�%1�5 �<=. >5 �2*,� �
�
�� 
C'& ��"-"$ '%
*�	 <"=. �X�*'6��$* ]�t�[.J%$ �� -

��}%� �9�%1�5 8�B ����D� 8*�*� E-F* �5 �$��1 ��,� 8
�6$,3 #* 8�*'a9 ��$* ��,6�(3 �1��6�* �,Q �1 �-"�	 8�B

& ��"-"$���2 �� �'
�9�� �5(J%$ \�P�1 �"N�9 C�'1 �B
�'���'�* .

���D �~� �B8-"�	 �1��"-"$ C� �����a1 �� �'& �
J%$ #*�B8(BH ��$* C*�*�	 ��5�#�$ ��� ��1 '%
*�	 !
* 

%&����$* �')� o�)� .��
� 0B�e3 !
* �� �$�%&
���5 �1 CH V�W9�* � ��'& !
T/
�G \"-"$$T
� � �$�%& �D�

���D �"��*�'%%5 X�6%5 �-_* 8�B�,65�	 #* �5 �-"�	 8�B 8
�1��6�* C'& ��"-"$�$* �6	�  �*�P �$��1 ��,� '�* .!
* ��

���D U*,�* �� C'& ��"-"$ �	�1 U*,�* ���� �)B�e3 ��5 -
�-2�� �� � �$* �'& o�)� �6-($* 8�B �B V�W9�* +�� 8

���5 �1 �	�1�"��* �D�$T
� � �$�%&8��,� �6-($* ���D 
�	�  �*�P �$��1 .�-2�� ���'%%5 X�6%5 ;�*,. +,$ 88

���D !
* �1��6�* �%")��G ��/6$�D � o�)� �-"�	 8�B
 �6	�  �*�P �$��1 ��,� T"� C'& �6
�"3 '%
*�	 T"� � \"-"$

�$* .!
* ��,� �� �=5 ��"�1 ^?��� C,%5�9 �(%
* �1 �G,9 �1
�'
'3%� �("6�O�
� 8�B �$��1 !
* �5 �$* '"�* ��'& �)6

 �
�"3 � \"-"$ ;"()9 '%
H�	 �6�1 �D�%& �1 �(=5 '�*,61
J%$ ��'
�=%1 �9�%1�5 8�B .

 روش بررسي
��'2 ������,=��/%$ 8#*'2*� �,6)"& '�#�$ ��,� 

�6	�  �*�P �$��1'�* .\3J%$ �$��1 #* #* 8�*'a9 �8��/�
���D� �'& ��"-"$ �6-($* 8�B ��/)�*� 8T5�� ��/)
��#H �

�1 T�|� ����6(�* �,($��("� #* ���46$* �1 �'�)� �$���	
EDX)X'�LEO 1450 VP (�1�"B�� !""a9 �,S%�

���5 � �D�$T
� �1 CH V�W9�* � �%")��G���D �$�%& 8�B
'�'& �$��1 �6-($*.

ي مورد هاي آهكي منطقهانواع كوارتزجانشيني در سنگ
 بررسي

� ���~��
� � �#*'�* �S� #* �%")��G T9�*,5 U, �$�%& ��
���Do"�)9 ;1�P �$��1 ��,� ��}%� �6-($* 8�B '�*]�.[

 *,5�8�BT9 : (Euhedral quartz)دار كوارتزهاي شكل-1

;(&�1 ��*��"&�2 �� �ITG �,Q���D 8!")��G �6-($* 8�B
�'&'�* .C,
#,-(%
*���D #* �
�Ba9 �� �-"�	 8�B #* 8�*'

 ��� �'�'& �'B�)� �*'-(& 8�BT9�*,5KW&��D�$T
� #* 
���D �$* �'& �42 ^�'%1 �6-($* 8�B);(&��.(


! �,U:(Granular Mega quartz)اي مگاكوارتز دانه-2*
 #* �6 �T1 ��a1* �1 T9�*,5����*� ;(& �1 � C��("� �6)"1 � �8*

�"&�2 �=$ �1 �-"�	 ���D T5�� #*6$,3 8�6	�
 j�6�  �-
'�*);(&8�B����A.(#* �(%
* �Q�D �1 � J�� 'P�	 E-F*

 8�B�,-1 �� �6-($* ���D #* �
�B��W��"� �'%6�B �%")��G U,�
�� �'B�)� T9�*,5'�,& .��5*�1"�B�,3, ^�a}P ;��& �B��W��"� 

CH �D�$T
� #* 8�W"	�$�B.

�"�* E-F	� 'P���2 �J&:(Chalcedony) كلسدوني-3�B

�,�P !
* C��� �B�  �5 �$�B��W��"� #* �
�B�*,� 8*�*� � 8*
�1�	
7�6	�
 j�6�  '�* .���D �� �%")��G U,� �� 8�B

�-"$� �1 �6-($*�� �'B�)� ���'�-5 8�,&.
R�* (�6&� �5 �6"���4$* �%")��G #* ;�6�� ���'�-5 8�B

�'& �1�
 ��G �6-($* ���D �D�$T
�'�* .�[�������D 8�B
�-"$� �1 8�,)%� �D�$T
� �8�,3,"5*�1�6&� #* �B��  8-

�'& !")��G ���'�-5 8�B �5 '�*�1�,Q �,K� �1 �W�� ;
��
��G �,)%��'& �1�
 '�*);(&��.(

A(� �'& X�6%5 �6-($* ���D �D�$T
� �1 �5 �%")��G
�6&� ���D �D�$T
� 8�6$*� �� �6)"1 ���'�-5 #* �
�B

�6-($*�'& �1�
 ��G '�* .�[���6&� #* �
�B���'�-5 �� 
���D 8�BC�
�3�#�1 ���D 8�B�W"	 �1 8#*,� �K"G�9 �,Q �1 

��G �6-($* 8�B'%&�1 �'& �1�
 .
�%")��G !
* 8�� �B �B)CH � �6"���4$* �D�$T
� �1 �5 �
�B

�� X�6%5'�,& (�� ��6%� �"&�2 �1 � �'& U��& T5�� #*-
'�,&)B ;(&8����k�.(


!: (Microcrystalline quartz) كوارتز ريزبلورين-4*
 '%&�1 �
�B��W��"� 8*�*� �(%
* �/� ��,1 J�� 'P�	 T9�*,5 U,�

�(� � '%5*�3 ���2 !
* �� �5�� C�)� �,D #* 8*'%B� .
CH �}P � ��,1 'a1 >B �="� �,-1T
� T9�*,5 8�B�,-1 #* �6=5 �B

�� �$* C��("� );(&�A.(>�� �,-1T
� 8�BT9�*,5 !
�9
7B�  �� T9�*,5 U,� !")��G �5 ��,1 ��}%� �9�~ 8�B


�9��(��*� � \�'& �B'�*.
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���D ���1 8,$,� ����2 �1,WK� C*�
* �$�%& ���5 � �$�%&�,-1 �-|� 
��


2R�* (�D�$Tشكل� &�6�*5",3,� �1 �)*8 �PPL(�$* �
�"3 ���5 J�� ��"9 V��� �5 .A(�� R�* �
,]9XPL"-"$ '%
H�	 CH �� �5 ��
�� C�)� *� C'&'B� .�(�
,]9SEM�6&� �5 �,3,"5*�1 ���D ;�-�9 � �BCH !"1 T
� 8�B�1 �B�$* �'B�)� ;1�P �,p� .�(�
,]9SEM 

�=�P�6&� �')� � �'& ��"-"$ 8�B�$* \"-"$ CH �*�Q* � �
�"3 ���5 !&�� V��� ��,3,"5*�1 8�B .�(� ���'�-5 ;(& �1 C'& ��"-"$
�*,5��("��"&�2 �� T9��*� 8�BT9�*,5 � �,3,"5*�1 ���D 8T5�� �� �*'-(& � 8*(XPL) .�(�%"�? C'& ��"-"$ �,3,"5*�1 8�B(XPL).

ي جانشيني انتخابي عوامل كنترل كننده
'%
*�	C'& ��"-"$ �1��6�*%a� !
* �1�*TG* �5 �$* 8
_�D�(BH C�1T"� J%$ #* ��=�P � �'& !
T/
�G �B�/
� 8

P�1 ���,�� �$����'%��� .�1 �%")��G !
* >B �B�  ^�,_
 ;"()9 �.�1 � ��*� �*�P �"N�9 �K9 *� J%$ 8*TG* +�=9 �" *�	

+�	 �
 � X�'��� ;(& �$'. 8�B�,&]�[.
�"-"$ U,��1��6�* C'& ��$* !(=��H���
�"D�9 8

'&�1 ]�[.�� Y� ����# X�* U,� 8*TG* X[K�* Y�� �5 'B�
($* � ��,1 �1*�1 ��W
��9 \"-"$ C'& �6)�� � �6"�-5 �6-

��42 ��,/M"B'
�"� �,G� �1 8* .C��� ��%")��G ���2 !
*
�� Y� Z#�� 8�B�)F #* �$* !(=� � 'B��1�	
7'%5 8��"3 

(fabric selective) �"N�9 �K9 �
 ��1�	
7'&�W� 
(nonfabric selective) . #* �'%%5 �"aW9 U,��1�	
7�

�G 8'"-�9 �%")�(mimic replacement)]
�[�%")��G �

�� �'"��� T"� �6	�1 �1��6�* �,&]

.[�"-"$�9 C'& L�"D8

�� Y� ����##* ;_�2 ���D 8��	 7
 �� \"-"$ �5 'B� 
���D X[K�*�B86-($* ��,& !")� �9 ]�[.Y�� ���2 !
* ��

�,1 \"-"$ C'& �6)�� Y�� #* �6)"1 ^�%1�5 X[K�* �
 � �
���D �(%
*�1 �6-($* 8�B C'& �6)�� #* ;WP ;��5 �,Q

�6	� !"1 #* X[K�* �N* �1 \"-"$'�* .���D�B8�,3,"5*�1 ��
��}%�8��,� �$��1 'B*,& !
* 'P�	 E-F* � '%6�B 
��W��"��B89�%1�5 ���Q ��B8�"-"$ ��6D�$T
� 8�B� �"��* 
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'-G ������=& 
���1 �
k�
 �'%%5 X�6%5 ;�*,. �$��1���5 ;"()9 8�� �
�"3 � \"-"$ 8�B . . .
��

CH �B�'%B� C�)�8�"-"$ ��H C'& ��$* .���D �"�1 8�B
 C�)� *� ���2 �� �B #* �1��6�* C'& ��"-"$ E-F* �6-($*

��'%B� .���5 ��1��6�* �%")��G !
* >�� ��"�1 ;�*,. #* -
���D �"��* �D�$T
� � �"��* �$�%& �1 �5 �$* �6-($* 8�B

�'& �$��1 ��� *'G � �
# ^�,_'�*.
��#� Z� ���fQ:هاي اسكتي كاني شناسي اوليه خرده-1

 ��,� ��}%��$��1���D ��B86-($* �C�G�� ��,3,"5*�1 �B8
��,3,��4$ ��"1,-
�9 �H�#,
�1 �'"I,%
�5 ��9?,1�9 � *#, ��

'��*� �,G� �4"%"�*�	 � �,3��6$� .�$��1 c�$* �1 +�|�* 8�B
���D C'& ��"-"$ �1 �"$��2 ��'& '�#�$ !
* �6-($* 8�B

X�'G ��
�$* �'& �I*�* .�G�����D !
* �"$��2 88�B
��,=� ��*�*�	 c�$*�1 �9�%1�5��,=� �1 �'& ��"-"$ 8�B 8�B

�� C�)� � �$* �'& ���H�1 �')� ��"-"$ �5 'B���5�
$�%&����D �"��* �B86-($* ��?�=62*(
;�*,. #* �X�6%5 
�'%%58�"-"$ '%
*�	 �C'& �$��1 ��,� �"2�� �� ��,1
�$* .���D�B86-($* �6"�, *�H �"��* E"5�9 �1 �)'%���

�B�,3��6$� (�"-"$ ^�'%1 ��'& �� '�*�9�,_�5���D �B8
6-($*�?�1 >
T"%� �1 �"�-5 E"5�9 �1 )'"I,%
�5�B(�1�,Q

��
# �9 b$,6����D ��B86-($* ����D '%��� >5 >
T"%� �1 -
�B8�"-"$ ^'& �1 �,3,"5*�1 ��'& '�*.�6$,3 �,3,"5*�1 8#*

!"
�3 >
T"%� �1 �"�-5)#* �6=5�>
T"%� ^�%1�5 X,� '_�� (
�'& ;"()9 '�*]
�[�1 ��
��� �� �("6�O�
� �S� #* �

'��9�*'
�3 ?�1 >
T"%� �1 �"�-5 � �"�, *�H]
�[!"=B �1 �
'%B� C�)� �,D #* 8�6=5 �%")��G �B�,3,"5*�1 �6�
�1 �;"��

]

.[�9�,_ ����,=� �� �5 8�B�6$,3 !
* ��$��1 ��,� �1 �B
�'& ��"-"$ �
?�1 ^'&'�* .]��D�� �,G��
�B�C,
 '%��� -

�B8Mg2+���D !
* E-F* E"5�9 �� �B86-($* �;��. 7
 
�'%%5 X�6%58C'& ��"-"$ �1 *TG* !
* �"$��2 �$*

]
k.[;K� �� C'& ��"-"$ ;=. ����2 !
* �� �5 8�B
1 >
T"%� C,
 �]��D�� 8*�*� �$* ��*� Y� �6�1 ��,]
�[.!
*

�6$,3 �� ��
# C'& ��"-"$ �Q�D �1 '
�& �,3,"5*�1 8�B
CH �D�$T
��� CH ��& �1 ��*�* �� �5 '&�1 �B>
#*��3.

�:هاي اسكلتي ريزساخت خرده-2��D�B86-($* �*�*� 8
9��46� �D�$T
��'%6�B �� �5 ��"-"$ '%
*�	 �� '�*,9

�1 �N,� ;��. 7
 C'& '&]
�[.��
� \"-"$ �$�%&
���D �� �'& !
T/
�G8�
�3�,4� �"N�9 �K9 �6-($* 8�B 
�$* �6-($* �D�$T
� .�1�*� ;(& 8�B�,-1 ;"()9 X��� �,Q

 ;�-�9 � 8�
T3�,4� �5 �aP,� �6-($* ���D C��� \"-"$
�� Y� �$?�1 ��"�1 �D�$T
�'B� .�D�$T
� �c�$* !
* �1

>�� ^*�,G,� �6-($* �9 ;=. 8*�1 �45 �
 �6$,3 ����p #*
��
� �� �62 � �$* C'& ��"-"$ T"� T9�*,5 U,� �$�%&

�,1 'B*,D �N,� .��
� �S� #* �Q�D !"=B �1 ��"-"$ ��$�%&
���D C'&�"2�� �6-($* 8�B ����'�-5 U,� #* �$��1 ��,� 8

�$* T9�*,5�/� 8��'2 �9 � T9�*,5��("�.

�1جدول�� �D �"$��2 8'%1���1 �6-($* 8�B ��"-"$ A,$� �� C'&8�B �"2�� !
�
# �4"�,1�5 8��,� �$��1 c�$*�1 �:$��1 8�:B fQ�:�� 
Z#��.

و تابولاتاب  راكيوپودهاي فيبري، مرجانهاي روگوزا

 براكيوپودهاي پريسماتيك

 براكيوپودهاي لامينار

 كرينوئيدها

 تريلوبيت ها

 دو كفه ايها

 فرامينيفرها

اهگاستروپود

س
يلي

س
به

ت
سي

سا
ح

ش
اه

ك
ي

دن
ش
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���D ���1 8,$,� ����2 �1,WK� C*�
* �$�%& ���5 � �$�%&�,-1 �-|� 
��

���D�B�,3,"5*�1 8*�*� 8�D�$T
� B�8�6&� *8�,)%� 8�
8�,)%��
? �*8'%6�B .�D�$T
� �� �6&�*8'%
*�	 
�"-"$��1 C'&�1,D� �'
� ��,& .���,G,� 8�B�,3,"5*�1

 ��,� fQ��� ���$��1��*, �1 ���2 �80�1���� ���*,
� 
*�18C'& ��"-"$ ����H'�*);(&8�B ��� �^ �� �A �R�*
�.(�� C'& ��"-"$ �1 8�
�3 �"$��2 �� �[6D*

���5 �1 �B�,3,"5*�1 ^��49 �Q��1 �?�=62* ��1�)� �"��* �$�%&
�� �* �*,� ;K� � �D�$T
� �� �6$,3 CH �� �6-($* �("

�$�B .�1��"-"$ '%
*�	 �8�W"	 8�B�,3,"5*�1 �� �5 8�,Q
�� j�6�  C��� �=$ �1 �6-($* ���D 8 �"&�2 #* C'& -

'1�
);(&��(���2 ���
? 8�B�,3,"5*�1 �� �5 ��"-"$ 8*
�1 C'&�6$,3 C�"� #* �W��G �,Q �6-($* 8�B#�� �1 8#*,� 8

�� ^�,_ ��" );(&��.(8�B#�� � �D�$T
� c�$* !
*�1
�
? !"1��*,
� �� 8*���D 8>�� ��"�1 0�� �6-($* 8�B 8�9

���5 �1 �W��'��*� C'& ��"-"$ '%
*�	 �� �"��* �$�%&.

���D�B8'"I,%
�5 8�18�B�,-1 ^�,_�B8*'G ��4%� #*
>B� �'
� �'�,&.�"-"$ '%
*�	��� T"� C'& 8�6$*� �,}$ 
ap"R���D !
*� �'B�)� �B�'�,&);(&8�B k�A �R�* 

^ �� .( 
C�G�� �� b
*�& �D�1 �� �6	�)"3 � �"��* T�O�
� E-F*-

�,& �'
� *#, �� 8�B .� e
� ���*,� ��5* �� #* \3 �"��* 8�B
�� !"1 #* �,G,� !	���� .�'
'3 !
�6=�� 8T�O�
� 8�B

C�G�� !
* �� �'& �'B�)� ��"-"$ *#, �� 8�B�$* C'& .
�-"$,1 �6)"1 �K}$ �%
T/
�G ��
� � ;(& �\"-"$ 8

���2 �� ���5 �42 *� ��6D�$ ����� �" *�	 �%
T/
�G �5
��W1 !"1 #* *� �� �B �$* !(=� .���D�B8��G�� �!$ !
* �1 

6"�-5 E"5�9��6&*� +T"%� >5 ]
�[�"-"$ ;=. ��C'& 
CH �� E-F* �B0�1B
��� ��*,
� #* ���3B�5 �#*�,}$ 

Rap1,D �1 '�* �� �'B�)��'�,&);(&�^ �� �A �R�* .(

��),-1 C'& ��"-"$(XPL)A�4%� 8�B�� �,%"5*�3R�* (+شكل R�* �
,]9PPL�-"$� �1 �'& �3 ��42 �1 +��,%"5* ��4%� �,-1 �5 \"-"$ 8
�,& �� ��*� o"�)9 �6�1 CH �� .�(��,%"5* ���D �$* �'& !")��G ���'�-5 T9�*,5 CH Y� R"ap �,}$ �� �5 +(XPL) .^(C'& ��-"$

��*� T9�*,5 ;(& �1 +��,%"5* ���D �� 8*(XPL).
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'-G ������=& 
���1 �
k�
 �'%%5 X�6%5 ;�*,. �$��1���5 ;"()9 8�� �
�"3 � \"-"$ 8�B . . .
��

��&=�4R�* (;(&�("9شكل C�)� �5 *#, �� C�G�� 7
 #* �� Y� CH �6-($* C��� 8�B��	 �� E-F* �%")��G ;=. 'B�'B�.A(��"-"$
 *#, �� C�G�� 7
 �6-($* C��� 8��	 � �B�6�$ �[�,��5 C'&(XPL) .�(C�G�� 7
 ����� 8�B��	 �� ���'�-5 ;(& �1 C'& ��"-"$

(XPL) .^(C�G�� 7
 ����� 8�B��	 �'%5*�3 C'& ��"-"$(XPL).

T"� >5 >
T"%� �1 �"�-5 E"5�9 �1 �"1,-
�9 #* �9�a}P
�"-"$��'& '�* .�D���B8�45�� *8($��("� fQ��� �� ,3�
E-F*�-"$� �18�'& !")��G >5 >
T"%� �1 �"�-5 � '�*
0�1
�B��B�,)%� #* 86"�-5 �CH ��*,
� �"-"$ �B��'& '�*

);(&8�B�^ �� �A �R�* .(�3,($��("� fQ��� ��a1 �� 
�'& ��"-"$ T"� �B�,5*�6$* '�*);(&8�B�� �� .(^*�� 

��58�-5 �CH ��*,
� E-F* �5 �4$* 6
�("� �B�6"�-5 �
 ��
�a1 �� �$*�($��("� fQ��� ,3��"-"$ ��'& '�* .�G,9 �1

 U,� � �6-($* ���D �D�$T
� !"1 �%&�� V�W9�* �(%
* �1
�� �'
� �%")��G T9�*,5���5 �"N�9 �1 �W�� CH �"=B* ��,&-

�$* ��,1 �6)"1 �"��* �$�%& .E-F* �D�$T
� �"NL9 V�W9�* ��
 ����� 8�
�3�,4� �
 � �("�� �* �*,� '_�� ��B�,-1 �#*'�* �1

�$* �6-($* ���D �,D.
���D C'& ��"-"$ �1 8�
�3 �"�$��2 �� ^��49 8�B

���5 �1 �6-($* �P�1 �1 V�W9�* �� �$* !(=� ^��46� �$�%&

;�-�9 C'��� �� �("�� �* �*,� � �"��* �6-($* C��� T
� 8�B
+,|B C��#'&�1 �'& ��"-"$ ^?�"$ .;�-�9 >B*�	 T
� 8�B

�'%%5 C��� �1 \"-"$ #* �%F ^?�"$ ���� 8*�1 8��|� 8
�-($*)�D�$T
� (T
� 7
 '"�,9 �1 �("�� �* �*,� � ��,1

 8*�1 �
�"="& b"K� \"-"$ C'& �6)�� � ^�%1�5 X[K�*
�� 7=5 '%%5]
�.[

 هاي اسكلتيپيريتي شدن خرده

�1 ��[.�D�$T
� C'& ��"-"$�6$,3 �� C'& �6
�"3 ��B 8
�B�,3,"5*�1)8�B ;(&�^ �� �A �R�* (�45�� �8*�B);(&

8�B�^ �� �A �R�* (�$��1 �18�B SEM �EDX ^�WN* �1 
�$* �'"$� .
�
�"3 (FeS2)J%$ �� �5 �$* �("6�O�
� X,]K� 7
 -

�� �'B�)� �9�%1�5 �1,$� 8�B�,& .�13 �-5 �,Q #* �
�"
 '"4�,$ 0%5*�)�� ��|
* ^�4�,$ �
�
�65�1 8�"2* �N* �� �5 -

�,&]
�([#* ;_�2 �6"	�� �� !BH �
 � �6"	�� �$ !BH �1
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���D ���1 8,$,� ����2 �1,WK� C*�
* �$�%& ���5 � �$�%&�,-1 �-|� 
��

 �6"	�� �$ !BH �
�
�65�1 8�"2*]
�[�1�� �,G�'
H .�S� #*
��
�J%$ �� �1,$� �
�"3 U,� �� �$�%& �1,$� 8�B

�� �'B�)��,&:

t�*�	 �1 �()=9 ���2 '"I,W(framboids) �1 �5 ^�,_ 

�#*'�* �� �
�"3 8�B�,-1 8��5 U�=6G*'%6�B C��("� 8]
�.[

�t;(& 8�B�,-1 �*�(euhedral crystal)�#*'�* �� C��("� 8
�6 �T1 �]
�.[

���D �� C'& �6
�"3 ;=.��,=� �6-($* 8�B ��,� 8�B
�$* �
�"3 �*� ;(& 8�B�,-1 ^�,_ �1 E-F* �$��1.

�5R�* (�45شكل� 7
 8�,)%� �D�$T
� 8*(PPL)��"9 V��� �5 �$* �
�"3 ���5 CH 8.A(�45�� ��6D�$T
� C�=B 8*(XPL) ;=. �5 
�$* o"�)9 ;1�P �1,D �1 CH �� ��"-"$ �%")��G .�(�
,]9SEM��6�  �5 R�* ;(& #* �)�1 ��"9 8�6�5�D 8'& ��"-"$ ;=. �9 � C

��6� 0�1 !&�� 8�6�5�D 8�45�� ���D �')� ��"-"$ 8�B�� C�)� *� 8*'B� .^(;(& !&�� V��� �5 �9?�1 �
�=% �T1 �1 � �
,]9 �� �*�
���5 \"-"$ !6�'%6�B �
�"3 8�B .�(�,5*�6$* ;��5 �45��(PPL)'%6�B �
�"3 ���5 �?�=62* ��"9 V��� �.�(C�=B C'& ��"-"$ ;=.

���D �,5*�6$* (XPL).
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'-G ������=& 
���1 �
k�
 �'%%5 X�6%5 ;�*,. �$��1���5 ;"()9 8�� �
�"3 � \"-"$ 8�B . . .
��

ب الف

ت پ

ب

ت

الف

پ


�) *�6Rشكل,]9SEM8�,3,"5*�1 �6-($* ���D #* �)�1 .A(�
,]9EDXR�* ;(& 8�,3,"5*�1 ���D C�=B �'& ��"-"$ 0�1 .�(
�
,]9SEM�$* �
�"3 ���5 CH !&�� V��� �5 8�,3,"5*�1 �6-($* ���D #* �)�1 .^(�
,]9EDXB �'& �6
�"3 V��� ���D C�=

� ;(& 8�,3,"5*�1.


�78�Bشكل,]9SEM �EDX0�1 �'& ��"-"$ 8�B)A � R�* (�'& �6
�"3 �)�:^ � !&�� �*'-(& �}�� (�45 �� ���D #* �)�1 8*
 ;(&�R�* .
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���D ���1 8,$,� ����2 �1,WK� C*�
* �$�%& ���5 � �$�%&�,-1 �-|� 
��

 سازو كار جانشيني 

���D C'& ��"-"$ ��}%� �-"�	 8�B �?�=62* �$��1 ��,� 8
2�� �� �Q�$* ��*� Y� �-:


t���D X[K�* >"�:-5 � ^�%1�5 ��)6�* �1 �*�=B �6"�-5 8�B
�'& ;2

�t�:1 CH C'& �6)�� � X,-K� �1 \"-"$ ���� U*,:�* ^�,:_
T9�*,5 

�')� �6D�%& �6$�� �1 �'& ;2 >"�-5 ^�%1�5 �&,��$
�$* .CH�1 �')� ��"-"$ ���|� �2*,� �� �?�=62* �B ^�,_

 �9�%1�5 C�="$�� �6)��'�,& .�6$,3 �$* !(=� �-"�	 8
�1 ^�,_ �1 C'& ��"-"$ \�$ � �'& ;2 ;��5 �,Q

�'%%5�3 ��42 8(pore-filling) ��"  ^�,_ ]�.[
�1 \"-"$ C'& �6)�� � >"�-5 ^�%1�5 X[K�* X�2 �B ��

�� C�"1 �
# X,��	�,&:
CaCO3 + H4SiO4 + H+ = SiO2 + Ca++ + HCO3

- +
2H2O, or 
CaCO3 + H4SiO4 + CO2 = SiO2 + Ca++ + 2HCO3

- +
2H2O, ]��[

;=6K� X'����D C'& ��"-"$ 8*�1 �9 �� �6-($* 8�B
�"2�� C'& �6)�� � ^�%1�5 �-K� X[K�* ��$��1 ��,� 8

� \"-"$ 8�B#�	 !"1 �'& ;2 Z#�� 8�B�)F �� \"-"$
�$* ^�%1�5 .C'& �6)�� � ^�%1�5 X[K�* X'� !
*�1�%1

-"$�1 \"�� Y� C��T=B �,Q'B� .��[K�* #�	 �
��'K�
�� �#�G* Z#�� 8�B�)F �1 �W�� �D�$T
� #* �KW& �5 'B�

���D�6&� '%��� �6-($* 8�B��42 � �,3,"5*�1 8�B 8�B
 +��6$*(Stereom pores)+��,%"5* !")��G \"-"$ �1 �B

�,& �42 ��'& .�6�
�1 ��[K�* 8�B�)F �C'& ��"-"$ 8*�1
���D �1 �W�� � U�W&* �'& �6)�� ��"-"$ #�	 �1 �W�� 8�B

'%&�1 U�W&*�"F �6-($* .�� Y� C'& ��"-"$ �5 �-K� ��-
��42 C��� AH �="& �� �-K� ^*�""�9 'B��1 �6�
�1 8*-

X[K�* 0B�5 � >"�-5 ^�%1�5 X[K�* 0
*T	* ^�,_ 8�
�3
'&�1 \"-"$ .���D �� ^��46� C'& ��"-"$ !"1 !
* �� 8�B

�6$,3 �� ^�%1�5 '
'& X[K�* �Q�D �1 �$* !(=� �6-($* -
�"�-5 �
 � ?�1 >
T"%� �1 �"�-5 ��6"�, *�H E"5�9 �1 8�B

'&�1 !
�,-1 .���D !
* �� ��W��"� ^�,_ �1 �5 ��H �*,� 8�B

���D C'& ��"-"$ �� �=�� 0�� �'��*� �,G� �6-($* 8�B
�6�B ;K� C��5 >B*�	 �1 �-"�	*�1 �B C'& �6)�� U��& 8

�� �4
* �\"-"$ '%%5]�.[
;(& 8�B�,-1AH #* T"� �
�"3 �*���42 8�B 8*�,	 U�W&* 

8�B'"4�,$,�,� �1 �W�� U�W&* �K9 ��� �
�"3 �1 �W��
�� ��|
* !BH '�,&]�
��� .[ �$* !(=� C'& �6
�"3 '%
*�	

 'B� Y� �*'��G ^�"2 C��# ��]�k[-_�	[1 '%
H�	 !
* �~� * �
�%"	'9 <=. >5 �("6�O�
� b
*�& �� � �,��G `�� #* \3

;=6K� �$* �9]��.[
�6
�"3 b
*�&��,=� C'& b
*�& �1 �$��1 ��,� 8�B

 !(=� �DL9 � +'�9 �S� #* � ��,1 ^��46� �[��5 C'& ��"-"$
�D�$T
� C'& ��"-"$ ;=. #* \3 �=5 �$* �6-($* 8�B

'%&�1 ��*� Y� .

و و پيريتي خاستگاه سيليس آهن براي فرآيند سيليسي

 شدن

�� \"-"$ ��/6$�D�%4$* X,("�$* #* '�*,9 �
 � ��"-"$ 8�B
;"�	��("� �/
����5 ���$� � ���"-"$ 8�B ��$� 8�B

�)"& ���$� � �
 � 8�*�H 8�BT9�*,5 X[K�* ���)4)9H 8�B
 �,& !"��9]��.[��,=� �� �(%
* ;"�� �1 �
 � �$��1 ��,� 8�B

,��-($* �,G� ���|� �2*�)"& �
 ��"-"$ 8�B 8�B
 !"��9 >�� ��/6$�D !
*�1�%1 �$* �')� j�*T  ���)4)9H

��*� X[K�* �\"-"$ �
 � '�#�$ �,D C��� 8�*�H 8�B
�=
'P 8�B'�#�$���5 T�O�
� �
 � �9;"& �� �$� 8�B 8�B

�=
'P 8�B'�#�$ �
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