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

÷

���� � ���	�	
����	 ����� 
����� ����� ��� 
� ���
� ������� �
�  !� "� 
)�$%&' ����( ��)�*(

,��- ��./�
0�1�/2�3�45��
!-*١،6 ���7 �89� ���
�:�  ���0�6

�� !"#��$�%& '(�) �*+,-  ./0�1� .�0� �$!�"	  �20�1� 
����.3� "
�45 6�0781 �09!:;  !"#�<1"
1 ="& �*+,-  ./0�1� .�0� �$!�"	  �20�1� 

 2�;< :>? �����8��)  +8 @� �����<�A�1� <�7$"�& ="& B+%C D"7�+,(8 ��1� �1"E .� '
1��G% )1 �H")1 �0�I D��74�$ 
)"J�1 �
�K#�� .%I"K8)AMA (�� B+�L���"# .�K
.E� �� �2%$ D�9.M1! '
"N��G% )!"(	 �%($ O��& �P(E ! �(�1"#+

�� �
�+
�+�1"# �(N+(I '(����+N�+& .Q+7$1 5+R� ��+� �9.M1! '
1�7	"# �1"E D"(	�+; �(�!S�+� SN�1+8 D�9.�1 .�
�+
� '�8!"(;
 )1 "7�1+C D"(	�+; �
�+
� .%,J��+9 ! D"(	�+;�K9 �2%$ D�9.M1!  �"I *��.%7�9 .<T�9��+�U
1� 5+R� ! �7(�1"#+%($ D�9

"#!S�+��7	"# �1"E �7(�1.�1 .�K9 �9.M1! V+�7$����$"#� D�9SN�1+8 ��($"$��7
"(; )QSP(! �,
W�T ��7(,;!"; ���(,($ �
�%(����+N .&.�1 .�$�"ID�9���8 �� <�0� �7	"# X�+Y �$�%& Z+� O��& �P#� �,Y1  !"# �R9 �8 .9�I:SN�1+8��
"(;�

�
"(;+/��8 �Z+� �'(����+NII:SN�1+8��
",8 ��
"(; �Z+� �'(����+N III:SN�1+8 �Z+� ��
"(;IV:SN�1+8 ��
"(;�Z+� ��
"(;+/��8V:
SN�1+8�'(����+N�Z+� ��
"(;VI:'(����+N�Z+� ! �
"(;VII:�
"(;��
"(;+/��8 ��
",8���1� �+C! ��G%� �� '(����+N .'(%PK9
[%$D��2�\�($ D�9�� <�0� "(#�� ��)  +8 �����8 �� �8 .9�"70(I($\�D�9D)�	 !� Z+� )1 �(�!1 "(#�� ]
�� ����ILV  UN !
D)�	]
�� L]
�� )1 �%^ .%7�9 .�$�"ID�9�� <�0� �_%$��� �8 .9� "7�#'2K9 D��� \�($ D1"I D�+& ! �#.&D�9 "(#�� 

Z+� �P#�I)1 ��`�NCo�`� !�/���NNaCl.%Wta/��\�($ �D�9 Z+� �P#� "(#�� II )1 �b� �N Co��� !�/�� �N 
NaCl.%Wt�b\�($ �D�9 Z+� �P#� "(#�� III b�a �N Co�a� !b/���NNaCl.%Wt�/�b�\�($ D�9 Z+� �P#� "(#�� IV )1 
b�b �N Co��a !�/���NNaCl.%Wt�/�a\�($ !D�9 Z+� �P#� "(#�� V)1 ����NCo��� !�/���NNaCl.%Wt�/�� 
�$1 .�$�"I\�($ D�9#�� �� <�0� "(\�($ Z+� !� �8 .9� c�� �����8 O(/0N �� d,7�� D�+& ��1 <��/
 D��� �I �
�K#��

�7&1�.�1 .@/,eK8 D�1.
�;�� �X1S,	 ��0� �N �I "_%� c&+C  .
.; '(%PK9���8 ! �9�$1  .& �)  +8 �����8 �� D)�$ .f�I D���
\�($ g$+7� D�+& !D�9���$"#� Z+%N �"(#�� �# ! �9<T V"7�9���8 Z1+�1 !D"(	�+; @� D�9�����8 �I�0� �D)�$�$1.

 >���2�9� ���:���8D)�$h�($ \D�9"(#�� h�
�K#�� \+,L� h�)  +8 h)"J�1 �
�K#�� �-+K_� h<�A�1� .

$�2%� 
��G%� �$�"I ��+� )!"(	 ��P(E)+^�I (���K& c�I ��

>? �����8 ��)  +8 @� �!.M �,Y�	 �����i="& D"7�+,(
! <1"�N ��� '(I <�A�1� <�7$"�& ="& B+%C D"7�+,(i 

�
�(	1"AC X�j7��´b�º�� �N ´��º��! �E"& \+? ´��
ºb� �N ´�aºb� �#"I �� ! ���K& l"- �:���,���<�K,3� 
]�[��1� �1"E .���G% ��+� "H� )1 �$�"I D��74�$ '(�) 

�%�; )1 �0�I �
1)S,	 �!"N��� '
"(&  �n�
�K#�� .%I"K8

∗'R,N �\+o��  .%�
+� :����������� �"I�K� :���b`a�������; ��/(�!"7/�1 :karimpur@um.ac.ir 

! ��(I \�$p0&�q��K& *+$ �S(
�; �arLRY )1 ���� �N ��� 



U,� ��+; p
"8 �c�JM!�D�!��R&  �1) <1"
1 �$�%& ���8 ! �$�%&�+,I �,_� ���

 )"J�1 �� B+�L�+&��$1 ]E1! .%I"K8 '
1 ="& �� �8]��
b[)O/&�.(�+C! �b �K
.E O�+N �� ��uT ���G%�  .%i1";1D
)1  ��I"$D�9 �B!5  SA�D�9 D��RM !"2
�  .%i D��i�9!

�0�1"N�9"2��(I )!"(	 ��G%� �(K91 �)�I"
� )1 �P(E�$1 .
! >? <.3� <1+%- �I �
+RY �N �7&v# <!"E �� �)  +8 �����8

 "�I ��+�  )!"(	 <.3� <1+%- �I "(41 �9� ���1"E D�1�"I 
�$1 �7	"#."Iw�$1 ���T �+C+� �N \�$ �b�a �`��� *"# 

 .& x1"�7$1 �����8 '
1 )1  )!"(	 �$1!��1.�  "(45 
���K7M1 �E�I  .��� ���a�*"#+,(i ��!T"I ���+&]�[.)1

�,KCc9!:; D�9'(0(;��G%� '
1 �� ��0�� �(�N "I  !>- 
'(�) �$�%&�:���,���<�K,3� ]�[����I <1+N�$�"ID�9 


1 ��  .& *�_�1 �LG$ ��G%� '�I ��&1 +^�I ��G%� <1+%- 
�"8 .�$�"I��+#"#�D�9[%$ <T gI1!� ! �
�K#�� ! �$�%&

���8 �I +^�I ��G%� �� >? D)�$]�[��$�"I���8 ��$�%&

 ! ���$"#�[%$'(�)+^�I ��G%� D>? �
�(K(&]�[�$�"I �
'(�) ! �K(&  �27$�4�+^�I  )!"(	 �����8]a[�'(�) ! �K(&
$�4  �27 <�A�1� �)  +8 D>? �����8)+^�I (]`[[%$ �$�"I -

�$�%&�'(�)�
�(K(& ! �27$�4  )!"(	 +^�I]�[! �"4T ��
 �$�"I���8 +^�I ��G%� �� >? �
1)]��[�,KC <T )1.�1 .'
1

 �I ��I '(7��� D1"I c9!:;6.9 �$�"I \�($D�9 "(#�� !
'((3N �#:
!\�($ D�9 �I��"# ���8�1� �� �����8 ��K- c�I
�)  +8 �I  ��R7$1 )1 y
�7��_%$���S
� D�9��J��(� \�($ *�_�1

.&.�I�C+N �I "(45 Z+�! �)  +8 �����8 DO(���7; Df�I 
��.3� �� �%�; �
1)S,	 �!"N ��I '
"(&  �n "H� ��.$� �8
�$�"I z(E� '
1  "(45  !>- "I �J%C �K,--�09!:; ��.�1+N 
D+2�1 0781�	� �J$�%� D1"I "
�45 "2
� '
1 �� �%�; �
1)S,	 !

�� <1"
1 p91"	 .
�K�.

?@�0d�1 (]C1"� )1 �7	"#"I <1"
1 �,Y1 D��74�$ "Y�%- �0��]��b[�8.�1 �IX1"((AN (AMA  :�)"J�1 �
�K#�� .%I"K8 : AP �<�7�I"- �LRY 
CIGS :'(�) �_
�.N �%�; �DS8"� <1"
1 D��74�$ ! �$�%&E-M:<1"
1 ��="& <1"/� K:�{1� �e8 LB �@J? �%�; :Oph D�9.%I"K8

��7(�+(	1:Pr �; �'
"J��8"; [%$SSZ :x.%%$ �%�;��<�C"($TVPB :���0R0NT .%I"K8��D��(&"N D5+R� ZFB :'(n .%I"K8 �w"#1)  ��+4
ZTZ :w"#1) �#.�1�!� �%�; 



.,C|} ��K& �~S(
�; ��~�� ���8\�($ �$�"I ! D)�$ �����8 ���K& c�I �� "(#�� D�9. . .��b

$%&'� �	�'� 1��� 
'(�)� w�$1 "I ��G%� �$�%& �0��:���,���<�K,3� ]�[�
O��&[%$ D�9 �($1� ��($1� ��
).�T �81"N ��
).�T

 �+N � .& <�$"#� �7
�+
�!S�+� SN�1+8 ! �7
�+
� SN�1+8 D�9
K9�'$+�1 '$ �I �'$+2(�1.%7�9 .w�$1 "I �8 �N�+Y ��

�$�"ID�9[%$ �c9!:; '
1 �� �7	"# X�+Y D�9 �81"N
!"(;  �+N ]E1! �� �
).�T[%$ ! D"(	�+; �
�+
� '�8 D�9

�($1� ! �($1���
).�T �
�+
� .%,J��+9  �+N � .& <�$"#�
 �(�1"#+%($ ! D"(	�+;.%7�9)O/&�.(�(�1"#+%($ .M1! 

� ="& \�K& ����G%1� <+K%4� ���<T �	�I !��1� D1 !��
��1+� �4"I D"(	�+;�$1�K�E �� !D"(	�+; D�9<T�

8 )1 �
�9�+,I �&�� X�e$.,	 ! )>8+
W>; �SN�1+  .
� �
�(,E
���+& .���8 �+�M ! �,
W�T ���$"#� "u1 �� '
1 ��$� D�9

�$1 �7	"# �+4 �I '&!� .(R$ [�� 1"LY �� .M1! .'�8!"(;
 ���$"#� "u1 �� D"(	�+; �
�+
� .%,J��+9 ! D"(	�+; �
�+
�
� SJ$ �I O
�� D"7�8�4 [�� �I �g$+7� �N d(3� �7(,;!"; �

OI�E 1"LY�$1  .9�0� .! ="& �� �(N"N �I �9.M1! '
1
 \�K&��G%� .& ]E1! .�1 .D"(	�+; �9.M1! '
1 �	�I�$1 !

'�8!"(; .M1! �� '�8!"(; ! )>8+
W>; )1 �
�9�+,I �&�� 
���/�T �)>8+
W>; )1 �
�9�+,I �&�� ! D"(	�+; �
�+
� 

X�e$.,	 �
�(,E�+9 .M1! �� .%,J��+9 !D"(	�+; �
�+
� .%,J�
��  .
��+& .�+4 �9.M1! '
1 D!� "9��+�U
1� 5+R� D�9

="& \�K& .�!� �I �7(�1"#!S�+� ! �7(�1"#+%($�! B"^ B+%C
�E"& ��7	"# �1"E �I"^.�1 .w�$1 "I '(%PK9�$�"ID�9 

�c9!:; '
1 �� �7	"# X�+Y '
"70(I �+N c�I SN�1+8 D�9
S�+� SN�1+8 ! �7
�+
� �0�� ��  .& d(Y+N �7
�+
�!

�:���,��� �
�+
�+�1"# �(N+(I '(����+N  �+N �<�K,3� �$1 .
��1� �	�I �D"7�8�4 �I O
�� .(R$ [�� �I  �+N '
1 ! ��1� D1

 �X�e$.,	 �
�(,E �)>8+
W>; �SN�1+8 )1 �
�9�+,I �+�M �I
'(����+N �+�M *�_�1"$ ! �(N+(I �($ D�9  .%81"; ��1� [��

I�� �
�$�%& �-�3& ! ��+7$ O/& ��+& .�+? �I .M1! '
1
 ���^ ���$"#� ! ��1� <+K%4� ��G%� �I"^ �K(� ��  �"7�#
 �7(�
"$ ���$"#� ��1+� �4"I �� !  �+I d(3� �7(,;!"; <T

��(,($ ! �,
WT �g$+7� �N d(3� �OI�E <T �� S(� �%(����+N 
�$1  .9�0�)O/&�.(+4 .M1! '
17$1 g$+N �Q+)1 �
�9

���G%� ="& B+%C �K�E �� D"(	�+; �(�!S�+� SN�1+8 .M1! 
�$1 �7	"# �1"E 5+R� ��+� .�(�!S�+� SN�1+8 �� ���$"#�

�$1 d(3� �7(,;!"; Z+� )1 D"(	�+; . �+N�(N+(I D�9 
="& \�K& �� D"(	�+; �
�+
�!S�+� .%,J��+9 ! �(�1"#!S�+�

.��1� <+K%4� ��G%� .+� �(N+(I �	�I��1� Z+� )1 �(�1"#!S�D1

?;�6'(�) �0��  )!"(	 ��G%� �$�%&��P(E.



U,� ��+; p
"8 �c�JM!�D�!��R&  �1) <1"
1 �$�%& ���8 ! �$�%&�+,I �,_� ���

���8 !  �+I �(N+(I ! �
�(,E X�e$.,	 �)>8+
W>; �SN�1+8 D�9
��  .
� <T ���+& .�$1 �,
W�T Z+� )1 .M1! '
1 ���$"#� .��

)1 �
�9�+,I �&�� �D"(	�+; �
�+
�!S�+� .%,J��+9 .M1!
8+
W>; �SN�1+8��  .
� .%,J��+9 ! �
�(,E X�e$.,	 �)>.�+& .

�$1 d(3� �7(,;!"; Z+� )1 .M1! '
1 ���$"#� . �+N D�9
 �,Y1  �27$�4 �
�+
�+�1"# �(N+(I '(����+N ! �(�1"#+%($

���8 ! ���$"#�O�+N "70(I !  �+I ��G%� �� D)�$ ��G%� D�9
 )!"(	� .& "RM .M1! !� '
1 �� �P(E.�1.

A�
	
���
@; )1 �$�"ID�9 �
1"LY �LG$ !O�+ND�9 �%(�)"
) OI�E

 Z+K_� �� ��!�!��� �&1�"I ��+K� &..�$�"I �+H%� �I D�9
[%$���8 ����$"#� ��$�%& ��1+N ! �$�%&��
1)"JK9 �1.3N 

�a �Q)�� ]G�� ���3GE �,�(Y !�`Q)�� ]G�� ��,�(Y
  ���T.�.& .'(�) �0�� @e$! ���$"#� ��$�%&���8 D)�$

�1S	1 *"� �� ��G%� Arc Gis .
�"# �(�N .��C�$�"I\�($ -
D�9�P#� )1 ��+K�  �)�
 �1.3N �"(#�� O�+N O41� D�9 D�9

�P(E �I *+$+���I �+I"� ���8��1 ! .M+� ��%�;���$"#� 
SN�1+8��($"$ ��7
"(I(QSP)  B��7�1 &..SN�1+8 ���8

 '
"7K�� �1)"JK9���8 �I  1"K9D)�$�P#� �� ! �$1  �+I �9
 �1.3N 1v��D1"I SN�1+8 )1 ��+K� ]G�� �(�N O�(Y"I!�

)����� �!.M ��� <!"/(� (.& B��7�1.�$�"I[%$ D�9 -
D��2� g$+N �+/$!"/(� �0JGE�$.- �I !��*�_�1 .& !

�_%$��� \�($D�9 "(#�� �,($! �I  �27$�  .%%8�"$ !*"# 
 .%%8 *�/%(� \.� THMSG 600�� �20�1� �$!�"	 .�0� 

"I1D�K9 ��+K��	"# X�+Y �9. "7�# �
���  �27$� '(I 
�����N���+�C���7��$ �1"#!�I�E�˚C�±�$1 .�1.�� 

D�+& �� p7�($ H2O-NaCl]��[!��0	 ! ���2n \�($-
D�9�1S	1 *"� )1  ��R7$1 �I "(#�� FLINCOR]��[�J$�L�
.&.

���	��� 
��%�;��$"#� � �� ���G%  )!"(	 – .& �
�$�%& �P(E 

�$1)O/&b.('
1�%�;)1 .%N��J- �(N"N �I ���$"#� D�9:
d�1 (�J�� 1� V"7�# '
"70(I �8 d(3� �7(,;!"; ���$"#�

�%�; "2
� �I1� ��G%� �� ���$"#� D�9���� !�K9 ��G%� 
�$1  �"7�# .�� �(�1"#+%($ .M1! SC �I ���$"#� �%�; '
1

�K9 � �2%$ D�9.M1!��G%  .
� [�� �I 1"LY �� !  .& 
��  .
� [�� p8 SJ$�+&.O
.JN ���$"#� '
1 )��I �#:
! b

�N��! X!.(;1 �I �9)>8+
W>; .Y�� `�N���I .Y�� 
O
.JN �X�%I"8b�N���
",8 �I �9.%,J��+9 .Y�� ��N�
�(N+(I .Y�� O
.JN ��
",8 �I �9��N��.Y��

(;+%(,8 O
.JN �X!.(;1 �I �9 '�8!"�X�e$.,	 .Y�� �
�(,E
 �!.M �+�M ! X�%I"8 �I��N��$1 '9T.(�81 .Y�� )O/&

�d�1.(

?;�B )!"(	 ��G%� ���$"#� �0����P(E .



.,C|} ��K& �~S(
�; ��~�� ���8\�($ �$�"I ! D)�$ �����8 ���K& c�I �� "(#�� D�9. . .���

?;� C���$"#�  )!"(	 ��G%� D�9�d�1 �P(E(���8 �+�M �$ [�� �I �
",8 ! f�I �27�C"I �I X!.(;1 D�9 ��7(,;!"; ����$"#� �j��0� �SJ
Q)�� ]G�� �� d(3�)PPL .(B()1 c(I O
.JNb�Q)�� ]G�� �� g$+7� �7(,;!"; ���$"#� �j�0� ��
",8 �I �9)>8+
W>; .Y�� )PPL .(�(

���$"#�QSP Q)�� ]G�� �� �(�
"$ �I )>8+
W>; O
.JN �I g$+7� )XPL .( X(���$"#�QSP )1 c(�I O
.JN �I .
.& b���X�e�$.,	 .�Y
 Q)�� ]G�� �� �(�
"$ �I �
�(,E)XPL .(�(.(R�$ [�� �I U(,
W�T Z+� )1 <�$"#� [%$ )1 �7$� ��+K�.x(���(,($ ����$"#� )1 �
��K��

Q)�� ]G�� �� �%(����+N)XPL .( Qtz:�SN�1+8Tur:�'(����+NChl:��
",8Ep :�X!.(;1 Pl:�)>8+
W>;Ser : �(�
"$.)D��j741 p�>- �7	"#"I
 ]C"� )1]�b[.

c�I �� g$+7� �7(,;!"; ���$"#� B+%C ! ="& D�9
� ="&��G%��1� �+�M .D"(	�+; �
�+
� '�8!"(; .M1! ��%N

 .& ���$"#� '
1 V+�7$��$1 .O
.JN �I ���$"#� '
1
 �!.Mb�O
.JN ! �
",8 ! X�%I"8 �I �9)>8+
W>; .Y�� ��

�N��'�8!"(;+%(,8 .Y�� �I �9�� �
�$�%& X!.(;1 �+& .
��1.� �!.M g$+7� �7(,;!"; ���$"#� '9T.(�81 ��Nb

.Y���$1.
���$"#�QSPg$+7� �N d(3�  .%81"; ! �!.L� �+? �I

c�I �� �+N �B"^ B+%C ! B"^ \�K& �="& )1 �
�9 D�9
 �(�1"#!S�+� �(N+(I �D"(	�+; �
�+
� '�8!"(; ��(�1"#+%($

# �(N+(I '(����+N !1� �
�+
�+�1" �"8 ��n��$1 .�j�0�
���8 '7� ��  .%81"; X�+Y �I SN�1+8 �+C! �%�; '
1 �$�%&

�P#� ! [%$ X�e$.,	 ! )>8+
W>; O
.JN �D1 �
�(,E �I�1.�� 
��N��! �(�
"$ �I .Y�� ��N�! �$� ���8 �I .Y�� 

�+�M`�N���
"(; ���E .Y�� ) .& .(�81 >��8 �
"(; (
�$1.

���$"#�QSP �+�M �,- �I '(�) �G$ �� .
.& 
�
+��u '9T D�9.(�81 .�T"I ��) [�� �I ��9.(R�+$ c
��81 )1 

'&!� �K8 +�E �I O
���� ��0� D1�+& .���$"#� '
1
� ="& \�K& �� "70(I��G%��  .
� �(�1"#+%($ .M1! �� !-

�+& .���$"#� �I ���$"#� '
1 X!�RNQSP �g$+7� �N d(3� 
NX�e$.,	 ! )>8+
W>; O
.J �
�(,EI� ��1.� )1 c(I ��.Y�� 

�(�
"$ �I�$1)O/&�B.(

d�1B

�X

�x



U,� ��+; p
"8 �c�JM!�D�!��R&  �1) <1"
1 �$�%& ���8 ! �$�%&�+,I �,_� ���

 ! �I"^ �K(� ��  .%81"; �+? �I �,
W�T ���$"#� :
! �I �� 
� ="& \�K&��G%�$1  .9�0� OI�E .D�9.M1! ���$"#� '
1

 �(N+(I '(����+N ! �(�1"#!S�+� �(N+(I ��(�1"#+%($
 1� �
�+
�+�1"#7� �"8 "u��$1 .O
.JN "u1 �� ���$"#� '
1

X�e$.,	 ! �9)>8+
W>; D�9 �
�(,E� �I [%$�1.� )1 c(I b�
���8 �I .Y��  .& O(/0N �$� D�9 �$1 [�� 1"LY �� !

�� <�0� �+4 )1 .(R$.9�.���$"#� '
1 �K�E �4"I �� �9
 <.& .(�81 )1 �&�� �
+��u '9T D�9.(�81 �+�M O(�� �I

.(R�+$�$1 �7	"# �+4 �I �_���� �I O
�� [�� �9.
.
.& ��(,($ ���$"#� �� �+? �I �%(����+N ��G% !

!  �!.L� B"^ \�K& ! B"^ �="& \�K& c�I ��  .%81";
 ��(�1"#!S�+� �(N+(I ��(�1"#+%($ �2%$ D�9.M1! �I  1"K9
 �(N+(I '(����+N ��  :
! �+? �I ! D"(	�+; �
�+
� .%,J��+9

�+
�+�1"# �
��  .
��+& .�I �
+��u �+,IS
� D�9SN�1+8 �+�M
��1.� a��N`�! [%$ �%(�) .Y�� ��'(����+N .Y�� 

�P#� !  .%81"; �$1 ���$"#� '
1 )��I �#:
! �[%$ �� D1
)O/&��.(

�������	 
w�$1 "I�$�"ID�9���8 ��;+/$!"/(� ! �
1"LY D)�$

���G% )!"(	 � .%81"; O/& !� �I �P(E�P#� !OI�E D1

 .9�0��$1 .�I �C+N�IO/&�����8 O��& �G$ �� D)�$
'(I  .%81"; X�+Y �I �
"(; ��N��E"& �K(� �� .Y�� �I

 :
!� ="& B+%C ��G% �I D"(	�+; �
�+
� '�8!"(; .M1! �� 
d(3� �7(,;!"; ���$"#���  .
��+& .�� �
"(;"70(I 

�K�E �N �9��9 ! �(N+# �I .Y�� �$1  .& O
.JN �(N�K
���8 �0�� �� S(� '9T D�9.(�81 �#.%81"; 1v� <�(I D)�$

 �$1  .&)O/&�.(�1.�� '9T.(�81  )!"(	 ��G%� ���
�P(E '(I��Na'(I "
���� !  �+I "(A7� .Y�� ��Nb.Y�� 

� �I"^ �K(� ! S8"� ����G% \�K& �� "70(I �"Nf�I "
���� !
� ="&��G%.9�0� OI�E �$1  )O/&�.(���8 �(8f�� D)�$

� �I�1.� b�N�'(����+N .M1! �� ! B"^ \�K& �� .Y�� 
�$1  .& O(/0N �
�+
�+�1"# �(N+(I .SN�1+8 �P#���(N+#

� B"^ B+%C ! B"^ \�K& ����G% ��1� <+K%4� )O/&�.(
�P#�SN�1+8 D�9��(8f�� �! ="& \�K& �M1+� �� �(N+#

 B"^ B+%C��  .
�+&.�.���8 '(%PK9D)�$ � )!"(	 D�9
�P#� �
"(; ! �(8f�� .M1! �� ! ="& \�K& �� "70(I D1

� �I ! �(�1"#+%($�1.� S8"� �I U
�S� ! B"^ B+%C �� "7K8 
���G%�$1  .& O(/0N .�P#� '
1 ����� )1 �9��,(� "7�

 �N��7��$ "7�<T p81"N !  �+I "(A7� �9��3/� "7� �� �P#� 
�$1.

?;�D���8 �0�� )!"(	 ��G%� D)�$��P(E.



.,C|} ��K& �~S(
�; ��~�� ���8\�($ �$�"I ! D)�$ �����8 ���K& c�I �� "(#�� D�9. . .��a

�����8 ��K- c�I ��)O�+N�9(����8 O/& �I D)�$
 �7�I�1���  .
��+& .I1 ��(N"N '
�aw�$1"I �P#� Z+� 

���8 �(8"N.& �
�$�%& �$�%& :Z+�I:SN�1+8��
"(; �
�
"(;+/��8 �'(����+N .Z+�II:SN�1+8��
",8��
"(;�'(����+N .

�Z+III:SN�1+8��
"(; .Z+� IV:SN�1+8��
"(;��
"(;+/��8 .Z+�

V:SN�1+8�'(����+N��
"(; .Z+�VI:'(����+N��
"(; !Z+�
VII:�
"(;��
"(;+/��8 ��
",8�'(����+N .�P#� '
1 �� �9
 �+N ���$"#� �I D"(	�+; �(�!S�+� SN�1+8 D�9QSP !

���$"#� �I �
�+
�+�1"# �(N+(I '(����+N��(,($��%(����+N
 .
� �
�$�%& !.�.&)O/&�.(

?;� E�P#� �;+/$!"/(� ]?��� ! �7$� ��+K� "
!�jN )!"(	 ��G%� �� d,7�� D�9��P(E .d�1 (SN�1+8 �P#���
"(; ��
"(;+/��8 ��� '(����+N
��I�N)�I �+����N���$1  .& O
.JN �(�!+8 �I �
"(;+/��8 .Y�� .B(+K�Z+� �P#� �7$� ��I�(SN�1+8 �P#� ��
",8��
"(;��� '(����+N

�$1 ��0� >��8 �1.,/& �
"(; �8 �I�N)�I �+� .X(Z+� �P#� �7$� ��+K�II �(SN�1+8 �P#� ��+� �� �
"(; .x(Z+� �P#� �7$� ��+K�III �(
SN�1+8 �P#� ��
"(;��I�N)�I �+� �� �
"(;+/��8 .�N �
"(;+/��8`�8 �I .Y�� �$1  .& O
.JN �(�!+ .�(Z+� �P#� �7$� ��+K�IV�(�P#�

SN�1+8�'(����+N��I�N)�I �+� �� �
"(;�(Z+� �P#� �7$� ��+K�V.Py:��
"(;Cv : ��(�!+8Ccp:�
"(;+/��8) .)1 �7	"#"I D��j741 p�>-]C"� 
]�b[

بالف

تپ

جث

حچ

دخ



U,� ��+; p
"8 �c�JM!�D�!��R&  �1) <1"
1 �$�%& ���8 ! �$�%&�+,I �,_� ��`

�P#� p81"N '(I �9��N��$1 �3/� "7� �� �P#� .
�P#� ����� )1 �9��/��,(� �N "7��/��7��$ "(A7� "7�

�$1 .�P#� D.(R�+$ ���8 '
"7K�� �
"(;�$1 �9 .�
"(; �9
O/& "70(IO/& �K(� �N �1� )1 ! .%7�9 �1�b�Na�O8 .Y�� 

�P#��� ��j741 �+4 �I 1� �9.%9� .�
"(; '
1 "7K8 '(I �9
 )1�)1 c(I �N �� .& O
.JN �(N+# �I .Y�� 70(I ! .�1 �� "

�P#� g$!.��1� �+�M �9 .c�I '
1 �� ! SN�1+8 ���� ��9
�$1  .& O(/0N �
"(; @e$ .��+K� �4"I �� ��	"? )1 �9

��  .
� �I SN�1+8 D.&"K9�+& .�� "H� �I �Z+K_� �� .$�
�P#� �� SN�1+8 )1 @; �K8 �N <��SK9 �
"(; �8 O(/0N �9

�$1  .& .�P#� �� �
"(;+/��8 �1.��'(I �9 ��N��.Y�� 
�$1 .�I ���8 '
1 '(I !  �+I O/&���N���(�!+8 �I .Y�� 

�$1  .& O
.JN .���8 �
1)"JK9 ! �
1) ���i OM1"� �� D)�$
O/&a�$1  .& �$�"I .

\�($"(#�� D�9 �I 6.9 D)�$)�I g
1"& +/
S(	��
�(K(& 
\�($ ! )�$�����8 �2�+2n ���8D)�$ �� ��G%� !�I�(7$� �I 
U
 \.� �	�0781 \.7�� .�.& �$�"I . !>- "I �'
1 �I

�$�"I �G$1! \�($D�9 X�->?1 �"(#�� ��!S	1)!� ��+� �� 
c�� D�9)�	 \�($ �� D�9.%
1"	 ��
1S��(� ��I+$� ��+#"#� !

�
�K#�� �$.I �� .%
T]��.[��]E1! "9 \�($ "(#�� �_(7� 
�I *1� <��7	1 p_M ��n+i )1 �
 \�($ <!�� �+,I �$1 .'
1 

\�($�9�
�1.7�1 �� �M1+� .&� !��"9��� D�+,I �i �? 
.&� <!�� �
 �+,I ��_
1 �� �+&)\�($"(#�� D�9 �(�!1 (�

�? .&� <��SK9 !.&� �I �+,I )\�($D�9 "(#�� �(�!1 (!�
��

�"N�9!�27��&D�9 �1)"
� ���i)\�($ ! �
+��u "(#�� D�9
B5�8 �
+��u(*1.I ��.%7	1]��.['
1"I�%I ��<1+N �R# �i 

\�($D�9 "(#�� �(i"N \�($ !g
1"& O(�0N ���i 1� <�0� 
�� .%9�]��.[\�($ )1 c(;�$�"I .
�I "(#�� D�9 z(E� D�9

���8 ! �+& *�_�1 �
1)"JK9<T O(/0N �8 .�+& B��7�1 �
�9 -
���8 \+,L� )1 �9.&�I  .& .(
�N �1� .��)  +8 �����8 �� ���8 

<1!1"	 ! '
"7K�� SN�1+8���8 �I  1"K9 ���8 '
"N D)�$
���8 \�($ �I �8  �+I D.(R�+$ 1v� .%7�9 ��JN�1 �� ��G%� )�$

\�($ �$�"I D1"I "(#�� D�9��P#� �I �+I"� ��+K� Z+� D�9
I�NV\!.C �� y
�7� �Y>4 �8 .& *�_�1 ��$1  .& ��1�1 .

\�($"9�� "H� )1 "(#�� D�9 \�/&1 D1�1� D��pH%��� �3,� 
�,(� �O/& D)+� �,(G7�� �O/& ��,�� �O/& �I �O/& D1

! �?!"�� �O/& �8!� �O/& ....%7�9 . �� w�$1 "I D.%I
]C"�]��["70(I �\�($ D)�	 !� Z+� )1 �(�!1 "(#�� D�9
]
������I(LV)  ]
�� D)�	 UN !(L).�.& �
�$�%& .

<+n D�+& )1 D"u1 '(%PK9! �
+,($ ��(��9 ... �8 .0�  .
�
�� <�0� Z+�+� '
1\�($ D�+& <1S(� �8 .9� )�$ ���8 D�9

�$1 p8 ��G%� '
1 �� .\�($ �1.�� �O8 �� "(#�� D�9LV )1 
�$1 "70(I Z1+�1 �(�I .�(��3	 '(%PK9'(�) D�9 �� �74�%&

\�($ O(/0N )1 @; ��G%� '
1 �C+� ��(�!1 "(#�� D�9
\�($ O(/0N9D)�	 UN Z+� )1 �
+��u "(#�� D�L"7K8 ��3I1 �I 

)1�D)�	 !� Z+� )1 B5�8 �
+��u ! <!"/(� LV  D)�	 UN !L
�$1  .&.

?;�F���8 �
1)"JK9 ��1+N �)  +8 �����8 ���K& c�I �� DS,	 "(^ ! DS,	 D�9) )!"(	 ��G%� ��P(E.(



.,C|} ��K& �~S(
�; ��~�� ���8\�($ �$�"I ! D)�$ �����8 ���K& c�I �� "(#�� D�9. . .���

�2G0\�($ �$�"I y
�7� �Y>4 �)  +8 �����8 "(#�� D�9) )!"(	 ��G%���P(E(SN�1+8 ���8 �� .

���2n (gr/cm3)D�+& (wt. 
% equiv) 

Tm(Cº) Th(Cº)  )1.�1 
(µm) 

n�P#� Z+� 
 ��K&
��+K� 

��/� - �`/��/�� - �/��  - �/��  �N - a/��  �b�-�`� �-�� �� IFA3 
��/� - a�/��/�� - a/��  -�� �N - `/��  ��`-��� �-��IFG1 
a�/� - a`/��/�� -�b - �/��  �N - �/��  �b�-��� �-��II FM6 
`�/� - `a/�b/�� - b/�b  -�� �N - �/��  b�a-��` �-�`III FM2 
��/� - a�/�b/�� - �/��  - �/��  �N - �/��  �b�-�a� �-�b �� III FA1 
aa/� - `�/�b/�� - �/�b  -�� �N - `/��  ���-��� �-��III FM1 
a`/� - `�/��/�� - �/�b  -�� �N - a/��  ���-�b` �aIII FG5 
a�/� - a�/��/�� - �/�a  -�� �N - �/�b  b�b-��a �-���IV FA6 
��/� - a�/��/�� - �/��  -�a �N - a/�`  ���-��� ��bVFM3-1 

�	
����	������
� 
�H'	��� I5
 
�_%$���S
� <�/�1 '((3N �K8 D��� �%(K8 �I*1� U
 <��7	1 

\�($ "(#�� )�8���4"I ��1+� D��� �N��0� ���8 <�IS(� 
�I��"# �$1(�'((3N D�+& !'((3N !�(�0N �1+� �4"I 

�1"	 !�9)�# �,KC )1 D� .(�81 'I"8 1� �� '/K��)�$]�a[.
�I �C+N �I'2K9 D��� ��+7$�1�+K� �#.&(Th) �)O/&

`d�1( "7�#.& '2K9 D��� )1 �#b�b �N ��� �C�� 
�7��$ �1"#)g$+7� ��� $ �C���1"2(7�� (�� !  �+I�K9 
��+K�'2K9 �9.&�#�$1 �7	"# X�+Y ]
�� )�	 �I .'2K9 
.&�#�I]
�� )�	 <�0� ��.9� �8���($ �8 ��J��(��9)1<T

 ��7	1 *1� �I .�1 �I\�K7M1��
) �$1  �+I ]
�� X�+Y �I ]�`[.
'2K9 D����#.& �� Z+� �P#� D�9��J��(� I)1��` �N ˚C

�`� ��N"((A �$1 !'
"70(I ��1!1"	 D��� '2K9�#.& 
�+I"� �I  "7�#�b��N˚C��� !�a��N˚C�`� �$1 .

'2K9 D����#.& \�($D�9Z+� �P#� II)1 �b� �N ˚C��� 
�� "((AN '
"70(I ! �$1 ��1!1"	 D��� '2K9�#.& �+I"� �I 

 "7�#�a��N˚C�`��$1 .'2K9 D��� D�9��J��(� �#.&
�P#� Z+�III ��  "7�# b�a �N˚C�a� �$1 .'
"70(I 

��1!1"	 D��� '2K9�#.& �+I"� �I  "7�#�b��N˚C��� 
�$1.'2K9 D����#.& �� Z+� �P#� D�9��J��(� IV)1 b�b 

�N ˚C��a��"((AN �$1 !'
"70(I ��1!1"	 D��� '2K9-
�#.& �+I"� �I  "7�#b�� �N ˚C��� �$1.D��� '2K9 -
�#.& �($Z+� �P#� Xf V)1��� �N˚C��� �� "((AN �$1 

��! ��  "7�# �
����b� �N˚C��� !�`��N˚C��� 

'
"70(I ��1!1"	 1� .��1� )O/&`d�1.(
D�1v2K9 D��� (Tfm)\�($ )1.�1 "(#�� D�9  .& D"(#

��+K� ��'(I �(�!1 D)�	!� D�9 �/����N�/�` ��7��$ �C�� -
<�0� �8 �$1 �1"#�����8 \!��� \�($ �8 .9� �� D)�$

 �(8"N D1�1� �f�K7M1 �)  +8 �����8 H2O-NaCl-CaCl2 �+I
 �I "I1"I p7�($ '
1 �� D�1v2K9 D��� �8 1"n �$1����C�� 

�7��$ �$1 �1"#]��.[D��1+� ��Tfm  )1.�1 )1  .& D"(#
 p7�($ D�1v2K9 D���H2O-NaCl-CaCl2)����C�� 

�7��$�1"# ('(
�;UK� �+�M �J$ �I f�K7M1 �8 ��$1 "N D�9
 O(JE )1 D"2
�Mg !K�$1 p7�($ �� ]��.[

B!5 �
��� D���)Tm('(I�/����N`/����7��$ �C�� -
�1"#)g$+7�`/����7��$ �C�� �1"# (�$1 "(A7�)O/&`
B.( "7�# �
��� B!5 �
 �� Z+� �P#� D�9��J��(� I)1`/���
�N˚C�/����$1 !'
"70(I ��1!1"	 <T �+I"� �I����N
˚C�����.&�I .D��� B!5 �
 �� \�($ �P#� D�9Z+� II��

  "7�#�/����N˚C�/����I �+I"� ��1!1"	 '
"70(I ! �$1
 �
���  "7�#����N˚C����$1 . "7�# �
��� B!5 �
 ��

Z+� �P#� D�9��J��(� III )1`/����N˚C�/��-�$1 !
'
"70(I ��1!1"	 �+I"�  "7�# �I����N˚C����$1 . "7�#

�
��� B!5 �
 �� Z+� �P#� D�9��J��(� IV)1�/�b ��N
˚C����$1 !'
"70(I ��1!1"	 <T �+I"� �I����N˚C�� �

�$1.D��� B!5 �
 �� Z+� �P#� D�9��J��(� V)1a/�`��N
˚C�a ���"((AN �$1 !'
"70(I ��1!1"	 �+I"� I� "7�#�a�
�N˚C�`��$1 )O/&`B.(



U,� ��+; p
"8 �c�JM!�D�!��R&  �1) <1"
1 �$�%& ���8 ! �$�%&�+,I �,_� ���

?;�J\�($ �I �+I"� ��+7$ D�9�1�+K� �)  +8 �����8 "(#�� D�9) )!"(	 ��G%���P(E .(d�1 (�#.�& '�2K9 D��� .B(B!5 D���� '
"�4T
�#.& .�(D�+& �1.�� .X(���2n .

p7�($ w�$1 "IH2O-NaCl ]��[�'(I D�+& �1.��
�/�� �N �/�b )g$+7��/�` (\��3� ��)! .Y��NaCl  �+I 

�$1)O/&`�.(D1"I \�($D�9Z+� �P#� I�D�+& )1 �/��
�N Wt.%NaCl a/�� ��"((AN �� D�+& '
"70(I ! �$1

  "7�#���NWt.%NaCl �/�� �$1.��J��(� D�+& D�9
�P#�Z+� II�/���NNaCl.%Wt�b �$1 . "7�# D�+& 

Z+� �P#� D�9��J��(�III '(I b/���NNaCl.%Wt�/�b 
�$1 �I �+I"� D�+& '
"70(I ! "7�# �/���NWt.%NaCl 

�/�b�$1 .D1"I \�($D�9 Z+� �P#�IV�D�+& )1 �/�� �N 
Wt.%NaCl �/�a �� "((AN �� ! �$1 "7�# �/�� �N 
Wt.%NaCl �/�� D�+& �1.�� '
"70(I ��1� 1�.'
"70(I 

��1!1"	 D�+& D1"I \�($D�9Z+� �P#� V��  "7�# �/�� �N 
Wt.%NaCl �/�� �$1 �� D�+& '
"70(I ! "7�# �/�� �N 
Wt.%NaCl �/���$1 )O/&`�.(

\�($ ���2nD�9 "I �(�!1 "(#�� w�$1����3� ]C"� ]��[
'(I��/��N`a/��7��$ "I *"# �3/� "7�)O/&`X(��0	 !

'(I \�($��� �N ��a.�T �$.I ��I . "7�#n\�($ ���2 -
D�9Z+� �P#� I'(I ��/��Na�/��3/� "7� �7��$ "I *"#

 !  �+I'
"70(I '(I ���2n �a/��Na/��7��$ "I *"# "7�
�$1 �3/� .\�($ ���2n  "7�#D�9�P#� Z+� II '(Ia�/��N

a`/�!  �+I �3/� "7� �7��$ "I *"#'
"70(I '(I ���2n 
aa/��Na`/��7��$ "I *"# �3/� "7��$1.�(� ���2n <-

Z+� �P#� D�9��IIII '(I��/��N`a/��7��$ "I *"# �3/� "7�
 !  �+I�%(0(I '(I <T aa/��N`/��7��$ "I *"# �3/� "7�

�$1 .Z+� �P#� D�9��J��(� �� ���2nIV '(Ia�/��Na�/�
�7��$ "I *"# ��1!1"	 '
"70(I !  �+I "((AN �� �3/� "7�

 �I �+I"�aa/��Na�/��3/� "7� �7��$ "I *"# �$1. "7�# 
Z+� �P#� D�9��J��(� ���2n V'(I ��/��Na�/�"I *"#

بالف

تپ



.,C|} ��K& �~S(
�; ��~�� ���8\�($ �$�"I ! D)�$ �����8 ���K& c�I �� "(#�� D�9. . .���

�7��$ �8  �+I �3/� "7��%(0(I '(I <T aa/��Na�/��$1
)O/&`X.(

K����� 
�)  +8 �����8 �� �%�;�!"N �'
"(&  �n �E"& c�I �� !

�$1 �7	"# O/& )"J�1 �
�K#�� .%I"K8 . .(�- �I '�M  �1)
]��[�(�!�1 ! )"J�1 �
�K#�� D�9.%I"K8�c�I !� "9 "74� -

.%7�9 @(7N+o� .M1! �
�K#�� <�K8 )1  .& 1.C D�9 .
c�1�!"	 �I )"J�1 �
�K#�� �-+K_� "8 [%$ @(7N �$+��(E1 
! DS8"� <1"
1  ��E�"4 "
) �I��+4"I �<T �; �� ��E D1

'(�; �$�N"8 �� <1"
1  ��E�"4 ! <�7�I"- �'(0(; U(�!)+%$ 
 �1� �J�����+&]�����[.

�(3E+� �I �C+N �I'(�)�74�$ �� �K#�� O(/0N ! �$�%� 
 �+N �+�M �c�1�!"	 �%�; �I D"(	�+; �(�!S�+� SN�1+8 D�9

 <1+%- �27$�4���8 ���$"#� �D)�$ �"7�# D�9QSP  �
���8 ��,
W�T ! �7(,;!"; �+�M ��
"(;+/��8 ! �
"(; D)�$

	���8 '
"7K�� <1+%- �I �(�!+8 ! �(8f�� � )!"(D)�$ D�9
 �� @��%�;�I �<1.(�81 D��_%9 D�9'(�) "Y�%- �
�(K(&

 ��G%� �� @� ! >?��JN�1 �� �$�"I ��+� �+N �I D�9
�� "H� �I �D5+R� .$� �8���8 p7�($>? �����8 �� D)�$ �

>? Z+� )1 f�K7M1 �)  +8 @� �I D"(	�+; @� .&�.
D�+& �1�+K� w�$1 "I�'2K9 D��� .&�#]��[�+? �I �

���8 \�($ Z+� !� �,8.&  �1� �(�0N )�$:�(\�($ A�I
 g$+7� D�+&���N��\��3� ��)! .Y�� NaCl!�(\�($ 

Bg$+7� D�+& �I���N�`\��3� ��)! .Y�� NaCl .
�P#� Z+� D�9II!V�� "7�# \�($ A��P#� Z+� D�9I!

IV ��  "7�# \�($ B!*�_�1"$ Z+� �P#� III !� "9 �� 
 "7�# \�($ A!B�� �1"E �"(# ..& '2K9 D����#\�($ -

D�9 !� "9  "7�#A!B�$1 <��/
 .'
1"I�%I�.�!� 
�27�(�T \�($ A\�($ �I B<��/
 D��� ! "7K8 D�+& �I 
�� .(
�N+&�)O/&�.(�8 .%n "9 "7�# '2K9 D��� 

.&#�\�($ �K9 D�9�P#� �$1 <��/
 �9�\�($ ��1 D�9 
�P#� D�9I!IV1� "7K8 D�+& �.��\�($ �8 ���M ��D�9 
�P#� D�9II!V.��1� D"70(I D�+& f�K7M1 !���� 

 .& O(/0N.�1 .Z+� �P#�III �27�(�T "70(I D�+& �I \�($ 
U
 �� 1� "7K8 D�+& �I \�($ �I "7�# <��/
 �
��� K9<1+� 

�,8 .�!� �I .& <�(I�� .(
�N .%8. .(�- �I ! U$1� 
V��/K9]��[�\�($D�9 �D)�	!� "(#�� �I D�+& '(I ���N

|�Wt.%NaCl �8 �%^ �� ]
�� �.%7�9 '/K� �$1 �� 
c�ID�9 z(K-"Np7�($D�9 @� D"(	�+; �	�
 �.�+& 
�
�C�8��0	 �I  )1.�1 �	�8 D1"I �3��K� )1 c
1.C )�	D

�$f�I ! .
.; c&+C �� ��.9� .�	"? )1 !� �+C!
 \�($ U
 �� '(
�; D�+& ! f�I D�+& �I "(#�� \�($ �-+K_�

���0� "2
� )1 )�$�����8 �I��"# p7�($ �� c&+C .%
T"	 D�9
���8 .�+��$1 D)�$]�a���[.\�($ �7�
SK9 '(%PK9D�9 

+8 �� ���I )1 �%^ ! ]
�� )1 �%^ D)�	!� "(#�� '
1 D�9SN�1
<�0� ��(M�� c&+C  .
.;  .%9�*�2%9���8 �$1 D)�$ .

�
�(K(&+/
S(	 g
1"& �� �N1"((AN �-�I c&+C  .
.;
���8 \+,L� c
1S	1 ���� c9�8 O�� �1�PH��  "(^ !+&�8 �

�N ��)fX1S,	 ��0��@/,eK8 D�1.
�;�� ���8 O(/0N ! �9 -
�$�9 .�,^1K�E �c&+C .%
T"	 �_(7� �� �+C+� @� )1 �7

�� \+,L� ���+& �70�� �
"(;+/��8 X�+Y �I .�1+N]�`[.
��0	 ������8 O(/0N �3E1! D��� <��!T �$.I D1"I f+K3�

�%(n <+7$���8 "I <��) <T �8 D1 D)�$ ��1! ! �$1 *)f  �+I
.
�I.& '2K9 D��� "I �#X�+Y ��0	 �(LjN � .�T �$.I 

�"(# .�_�T )1 ��1 .91+& �8��  .
� c&+C .%
T"	 ��+&
c&+C <��) �� 1"
) ���(� *)f ��0	 �(LjN�\�($ D�9 

]
�� �%L%� D!� "(#����� �1"E ���I .�"(# .D��� '
1"I�%I
.& '2K9�#�� �)  +8 �����8 D1"I  .�T �$.I <�K9 .�1+N

���8 O(/0N �3E1! D���.&�I D)�$.
�I �C+N�I.& '2K9 D��� �1�+K� �#�I �J�� �D�+& 

\�($D�9���8 �I �+I"� "(#�� D)�$  �27$�4 "H� )1 ��
 "7�#BT�� �1"E �
�K#�� D�9.�"(#]��[)O/&��.(�+�M

���$"#� ���^ SN�1+8-�($"$-��
"(; S(� �+�M \�($D�9 
�I��"# �I  �27$�4 �
�K#�� �� .(
�N 1�.%8.1"n �8��'
1 

���$"#��\�($D�9 �
�K#�� ���^ 7�9.%. )1.�1 D��� D"(#
D�1v2K9<�0� <+(N�8 �+�M  .%9�D�9 Ca+ 2�Na+�f�K7M1 !

Mg + 2!K +\�($ ]
�� )�	 �� D�9�$1 �����8 '
1 "(#�� .
<��%(/
!]b�[�$1 .�73� �8'2K9 D��� X1"((AN

��+# �I d,7�� D�9�����8 �� \�($ D�+& ! �#.& �$1 D1
 �8 ���T ��
��� �I��1+N ��M "I 1�  ��7	1 *1.I d,7�� "Y�%- <

'2K9 D���.&�#�D�+& �C�� ! �� D.%I"8�.'
1 "I
w�$1���+K� ��+� D�9�$�"I ��  "7�# ! D"(	�+; D�9�����8 

UK� )1 "(�	 �8 ��1"LI g4 ! �(��9 Z�J&1 �%L%� g4 '(I
�� �1"E ��$1 *�3?.�"(# )O/&��.(



U,� ��+; p
"8 �c�JM!�D�!��R&  �1) <1"
1 �$�%& ���8 ! �$�%&�+,I �,_� ���

?;� L�I �J�� D�+& �1�+K� \�($ Z1+�1 �#.& '2K9 D��� �)  +8 �����8 "(#�� D�9) )!"(	 ��G%� ��P(E .( �� \�($ O��/N '/K� D�9.�!�
��� �1�+K��]C"� )1 �7	"#"I D�+&]�a[�$1 ..�!���\�($ �27�(�T A"7K8 D�+& ! "N�"$ \�($ �I B.D�9.�!��!b�\�($ �27�(�T A�I 

\�($��! d,7�� D�+& �I "2
� D�9<��/
 D��� ..�!����E�I )�	 D�+& �$1  �"8 1.(; c
1S	1 c&+C "u1 ��  .��� ..�!���\�($ �#.&�"$ .
.�!���\�($ �#.& U
��I .�!� ! "(#�� D�9a�\�($ V1!"N c
��"# �? "(#�� D�9.

?;�0M\�($ D1"I D�+& �I �J�� �#.& '2K9 D����1�+K� �� �)  +8 �����8 "(#�� D�9 ]C"� ]��[



.,C|} ��K& �~S(
�; ��~�� ���8\�($ �$�"I ! D)�$ �����8 ���K& c�I �� "(#�� D�9. . .��b

?;� 00�#.& '2K9 D��� �27�I �\�($ D�+& ]C"� �1�+K� �� �)  +8 �����8 "(#�� D�9]b�[�8 ��� <�0��  �� �� ������8 '�
1 ��8 .�9�
�� �1"E D"(	�+; D�9�����8�"(#.

<�
�; �� �%7R# �$1 �8<T )1 )"J�1 �
�K#�� .%I"K8 �8 �C
��+M U
 �� U(�!)+%$ '$ �I; �008 )1 �&�� ���K8 �0

 DS8"� <1"
1 �LRY "
) �I <�7�I"- �LRY z(K- c�1�!"	
���8 D1"I �J$�%� "7�I !  .& O(/0ND)�$ <T d,7�� D�9

 )1 "
�45 Z+� '
1 "70(I �n "9 �4�%& 1v� ��$1 <��)�H"
�2�+2n ! O(/0N �27$�4���8 \+,L� ! "Y�%- ��JN�1 ! �1�

 �+N �I <T��74�$ ! D5+R� D�9'(�) D�9 �� �7J�� *�# �$�%&
<T "7�I 6�0781 ��C�9�$.

����
2* 
�I ��JN�1 �� .�0� �$!�"	  �20�1� ���� �
�KM �I  W!"; '
1

  ��K& �09!:; �"?b/�a��� �
��N �� ��/��/��  .& *�_�1 
�$1 .�C�M w.%�� <�
�ET )1 D��IT"I ! ���J3& �<�C 1)"(��8

'
1 �
1"LY X�(,K- *�_�1 D1"I  W!"; .��"8 UK8 ! "
.�N
�� "/0N��"#.

NG��� 
[1] Eshragi S.A, Jalali. A, “Geological map of 
Moalleman, 1:100,000 scale”, Geological Survey 
of Iran, (2006). 
[2]  Maghfouri S.,  Hosseinzadeh M.R., Moayyed 
M., Movahednia M., Choulet F., “Geology, 
mineralization and sulfur isotopes geochemistry of 
the Mari Cu (Ag) Manto-type deposit, northern 
Zanjan, Iran”, Ore Geology Reviews, V. 81, Part 
1, (2017)  10–22. 
 

[3] Alavi M., "Tectonic map of the Middle East",
Geological Survey of Iran, Tehran, (1991). 
[4] Khakzad A., “Overview of Economic Geology 
of Semnan Province”, Faculty of Earth Sciences, 
Beheshti University, (1988) Inedited 
[5] Rashid Nejad Omran N.,  “Petrography and 
magmatic changes study and Relationship with Au 
mineralization in Baghu area, (S-SE of 
Damghan)”, M.Sc. Thesis, Tarbiat Moallem 
Unuversity, Tehran, Iran, (1993) 256 pp  
[6] Ahmadi Shad A., “Mineralogy, Alteration and 
lithogeochemical study in gold of the Baghu area 
(Kuh Zar, Damghan)”, M.Sc. Thesis, Shahid 
Beheshti Unuversity, Tehran, Iran, (1998) 201 pp  
[7] Najjaran M., “Geochemistry and genesis of 
Baghu turquoise deposit (Damghan)”, M.Sc. 
Thesis, Shiraz Unuversity, Shiraz, Iran, (2000) 150 
pp.
[8] Shakeri A., “Geochemistry and genesis of Kuh 
Zar Au deposit (Baghu)”, M.Sc. Thesis, Shiraz 
Unuversity, Shiraz, Iran, (2000) 295 pp  
[9] Liaghat S., sheykhi V. and Najjaran M., 
“Petrology, gheochemistry and genesis of Baghu 
turquoise, Damghan”, Journal of Science, 
University of Tehran, (2008) 133-142   
[10] Moradi S., “Study of gold mineralization in 
Baghoo region, south east of Damghan (Semnan)”, 
M.Sc. Thesis, Damghan University, (2011) 103 pp.
[11] Bodnar R.J., “Revised equation and table for 
determining the freezing point depression of H2O-
NaCl solutions”, Geochimica et Cosmochimica 
Acta, V. 57, (1993) 683–684. 



U,� ��+; p
"8 �c�JM!�D�!��R&  �1) <1"
1 �$�%& ���8 ! �$�%&�+,I �,_� ���

[12] Brown P.E., Lamb W.M., “P-V-T properties 
of fluids in the system H2O-CO2-NaCl: New 
graphical presentations and implications for fluid 
inclusion studies”, Geochim. Acta, V. 53, (1989)  
1209-1221. 
[13] Whitney D.L., Evans B.W., "Abbreviations 
for names of rock-forming minerals: American 
Mineralogist”, V. 95, (2010) 185–187 
[14] Shepherd T.J., Ranbin A.H. and Alderton 
D.H.M., “A Practical Guide to Fluid Inclusion 
Studies, Blackie”, Glasgow, (1985)  239 p. 
[15] Kerkhof F. and Hein U., “Fluid inclusion 
petrography”, Lithos 55, (2001) 27–47 
[16] Siemens H., “ Texture, microstructure and 
strength of hematite ore, experimentally deformed 
in the temoerature range 600°-1100°C and at 
strain rates between 10-4 -10-6 s-1”, Journal of 
Structural Geology, V.25, (2003)  1371-1391 
[17] John D.A., Ayuso R.A., Barton M.D., Blakely 
R.J., Bodnar R.J., Dilles J.H., Gray F., Graybeal 
F.T., Mars J.C., McPheeD.K., Seal R.R., Taylor 
R.D., Vikre P.G., “Porphyry Copper Deposit 
Model”, Scientific Investigations Report, USGS, 
(2010) 169 p. 
[18] Kinsland G.L., “Formation temperature of 
fluorite in the Lockport dolomite in Upper New 
York State as indicated by fluid inclusion studies 
with a discussion of heat sources”, Economic 
Geology, 72(5), (1977)  849-854. 
[19] Valenza K., Moritz R., Mouttaqi A., Fontignie 
D. and Sharp Z., “Vein and karst barite deposits in 
the Western Jebilet of Morocco:fluid inclusion and 
isotope (S, O, Sr) evidence for regional fluid 
mixing related to central Atlantic Rifting”,
Economic Geology, 95(3), (2000)  587-606. 
[20] Hassanzadeh J., "Exhumation of the west-
central Alborz Mountains, Iran, Caspian 
subsidence, and collision- related tectonics",.
Geology, 29.(6), (2001) 559-562 
[21] Alavi M., “Tectonics of the Zagros orogenic 
belt of Iran: new data and 
Interpretations”,Tectonophysics 229, (1994) 211–
238

[22] Berberian F., Berberian M., “Tectono-
plutonic episodes in Iran”. In: Delany F.M., Gupta 
H.K. (Eds.), Zagros Hindukosh, Himalaya 
Geodynamic Evolution, American Geophysical 
Union, Washington, DC,(1981) 5–32. 
[23] Berberian F., Muir I.D., Pankhurst R.J., 
Berberian M., “Late Cretaceous and early 
Miocene Andean type plutonic activity in northern 
Makran and central Iran”, Journal of the 
Geological Society of London 139, (1982) 605–
614.
[24] Golonka J., “Plate tectonic evolution of the 
southern margin of Eurasia in the 
Mesozoic and Cenozoic”, Tectonophysics 381, 
(2004) 235–273. 
[25] Rusk B.G., Reed M.H., “Fluid Inclusion 
Evidence for Magmatic-Hydrothermal Fluid 
Evolution in the Porphyry Copper- Molybdenum 
Deposit at Butte, Montana”, Economic Geology, 
103(2), (2008) 307–334. 
[26] Simmons S.F. and Browne P.R.l., “Saline 
fluid inclusions in sphalerite from the Broadlands-
Ohaaki geothermal system: A coincidental 
trapping of fluid boiled toward dryness” Economic 
Geology, V. 92, (1997) 485-489. 
[27] Scott A. M. and Watanabe Y., “extreme 
boiling model for variable salinity of the Hokko 
low- sulfidation epithermal Au prospect, 
southwestern Hokkaido, Japan”, Mineralium 
Deposita, V. 33, (1998)  563-578 
[28] Afshooni S.Z., Mirnejad H., Esmaeily D. and 
Asadi H.H., “Mineral chemistry of 
hydrothermal biotite from the Kahang porphyry 
copper deposit (NE Isfahan), Central Province of 
Iran”, Ore Geology Reviews, 54(1), (2013) 214–
232.
[29] Kesler S.E., “Ore-forming fluids: 
Elements”,1(1), (2005) 13-18. 
[30] Roedder E., “Fluid inclusions”, Mineralogical 
Society of America, Review in mineralogy 12, 
(1984) 644 p. 
[31] Wilkinson J.J., “Fluid inclusions in 
hydrothermal ore deposits”, Lithos 55, (2001) 229- 
272.


