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# S�I .�G��;�X7�  S���6 Y�G / S�I
 K"� ()"�/�%/Z)	��)H� 0�)D Y�G / �� 0�.� ,�*G["\ #/ /� M? S�I ,I� .X7�  $,��6 0�"D ,�*G["\ �G]� Y�G / �+&� SR���� 

���6 �D �
�\ B��9< S/&D M? 0�
&Q / TH+ �� ()"�/�%/ ���HA=/ �
/#�� 0�.� % �� M? S&
^\_)1� �6 ,I� 0�
&Q T
&U #/ ��"�#&
# S�I
 `�H< S/&D (#a 0��# �5&	 % E*7 ��0?�I���6 �D ()"�/�%/ �1�� �
/#)()"�/�%/ �����6 ($�&6 bI/&	 /���/ .`�H< !
/ �c"A� �� �D %

�)F= E"���	�GHI�IS<��D&6 �M? !
/ �� ()"�/�%/ @&;< % B>;�/ /K	/ �I��/ �A	�
 J
.���&D W%�,"I S�I)V�
�"H"  �
/#)<&\ �
��)H� Sa�D ��"�D @�7 % M? S�I���6 �)Q% B�HA=/ �D $�� / $,  ��
 ,I/)  %TU��� E2�	,= �� % TH+ �� ()"�/�%/ �1�� �
/#

,��/� S&A  �H.P % 0�6&
?.

��# �GHI	� dE�/)+/%�/�"():هاي كليديواژهdH.P % 0�6&
? TU��� S&A  �dY�G / X7�  d,�*G["\ d���6 ()"�/�%/ �1�� �
/#.

 مقدمه

��TU�S&A  �H.P %0�e&
? ,��/� �/&f �)7 �f&  B�H  �� 
%&g� #/�
�"	/&hQ %��
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 �� �D

��a�� S��� (°C) �j���#/ &AH6 ��a�� �',���D 0/K"� %
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/#
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�S�&-I� �)\ ��H  ����c���% �*"+�H�/ ,�#�\ ��V��)� 0/&
/ ����  ���6 % ���� �)*D �*c� n��

% S&A  �H.P ��.�1شكل 0�6&
? TU��� ����  !"�# S)#/ �
�\ �.��]�8[(��)H� �"9f)� %���H' #/ S�/�&D �H.P % S�I TU��� !
/ S�I.

��/ .�
)��x N
#)< �K6&H< M? �� ()"�/�%/ �H"  %S�I
 ��"�#&
#y�� �� &z�+ !
/ S/)A;� �D �A�D/% $�3A��7 S�I

� �
M)�y�� �D M? :�%�c� �S�I ()"�/�%/ S�I���6 �
 �/� ��I
&"x�< 0/K"� M? S&
^\ T"f� &D/&D �� ��"�#&
# S�I �D �', 

M? &
# �
 �;O� S�I �;O�)T"H+ �H"�(�/)I % M? &x/ �
0/K"�pH%Eh E�/)+ K6&H< �M? �	�GHI#�� E��  �:��D&6 

� �)F= % :�-"*"� % :�1�)� �,
�)*	 �:�1�	 ,���� M_�Q �/)
`� % K�3�� �!I? S�I,"�6%�,"I ��6/ ���? �/)� �I]�k�

�4[��, �D.

 شناسي زمين
���\K
� �D&{ B�H  J�D �� S&A  �H.P % 0�6&
? TU��� S

SK6&���f& 0/&
/ )Central East Iranian Microplate(%
�" �= �� �D)�Q SE�'|�KD &
)6 $,  Nf/% ,�/)E- �.(
�H
,f <y�� !
& TU��� !
/ S�I�)'&'� �+)Hc� �D })D&��

!"�\ ~"V%#%&<%&\ !� % ��" �-"� ����' R"6&< �D Z,�Q
��/ ]�8��p[�6@)*D �� !"�# S�I �A7�� �D �f&  ��Q �

,��/� �/&f ��O�� M)�Q �� �D&{ .�"�/&'0�e&
? J�D �� K"� 

B�H ��O�� �f& ��/ $,  Nf/% S&A  �H.P S.!
/ 
"�/&'#�{? �� �0/)�+ �D !� �D �"�' �"�/&' i


i"V%#%&<%&\���f)	 �	&9� , ]�8��u[% S&f�D ��� �
�*1��A�/]��[�"�' �"�/&' E��  /� 0? � �� ���/�

 !� �D �"*\? % S&"	�)\ �"�/&' ��A"�)*"� �"�/&' �< !"�)�?&\
 �	&9� !
&G��6 ,��&6�*"�% �D �6 $,�/�%� E�' ~
 S#/
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�D&{ B�H  ,�%� �D �*�' S�A�/����/ �f&  M)�Q .
`� % �*"� �0��� ����� E��  �I,=/% !
/ SW)�)A"� S�I
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 ,��/� �/&f 0�6&
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,*Q ���$��H  ��0�A�D�<�n�� ()"�/�%/ �
�"H" )VW%�,"I ���&D % 0�6&
? TU��� ��. . .n��

 روش بررسي
���&D �)g�� �D$&A�' �
�"H" )VW%�,"I S�I �&g� ��)� S�I

��)H� M? #/ �V�Iu�" �= �� ���H' % 0�6&
? �"�/&' Sp
��O�� �� Nf/% �H.P 0�A�D�< Ez	 �� % S&A  �H.P S

 /�&D ,  �)E- �.(S/&D % M��A�/ ��)H� %� �O�� &I #/
S&OD #/ �'�)�? ��)'&I #/ S&"')*Q K"H< �>��6 !*"</ �*\ S�I

 �"	&� �D�kk, $��1A�/&A"� �*"� .��)H� !
/ #/ �-
 �D /� �I
�*"�% &A*"	 #/ �A�� �H\ ~
 Sµm��/�S/&D % $�/� �)G+

0)"<�6 �;O� M^Q #/ S&"')*Q "�% �D �I �D �S&OD $�/)
� �*
 ~
&A"� ,"�/k�/kb
�&6 S,"�/ �a)� )4pH< (��)H� %S

$#/,�/ S/&D �&""h< 0%,D K"� &3
� 0)"�? S&"' % �I��-�?�
NHQ , S�%? .pH�Eh �"*D�f ���� �/,I
��-
&A-�/ )EC(�

B)*;� �>�/ E6)TDS(S�)  �)salinity(B)*;� 0q"�6/ %
)DO($�3A�� �D HACH multimeter  /&;2 �� EH= ED�f 

$#/,�/ ,�,  S&"')B%,Q�.($#/,�/ 0)"�? �g*{ S&"' S�I
PO4

-3 �NO3
-�F-�CL-%SO4

-2 y�� �%� S��3�)Dionex 
DX-120 ion chromatography using IonPac As14 

column(%CO3
-2%HCO3

-S&A�)
�/� �%� �D

)Radiometer Copenhagen PHM 82 ( K6&� �� :��"�;<
!"�# 0��#�� �	&
^\ :�)2 �).6 ���� )B%,Q4.(

$#/,�/ 0)"<�6 �g*{ S&"' S�IMg+2�Ca+2�Na+%K+&2��+ �
�*2/)Al �Fe �Si(!"3�� :/K*	 �)As �Cd �Cr �Tl�Ni 

�Pb(�+&	 &2��+ �)Ba �Ce �Co �Cs�B�Be �Cu �Ga �Ge �
Hf �Nb �Li�P�Rb �Mo �Mn �Rh �Sb�Sr �S�Se�Te Th �
U�V�W�Y�Zn�Zr (�%� �D K"� �ICP-AES %ICP-MS 

$�3.
��#? ��ACME �	&' (�c�/ /����6)B%,Q8.(S/&D
 $�3A�� #/ ���&D ��)� TU��� �� �
/#)<&\ 0/K"� X"�.<

,  $��1A�/ ���' &AH
#� .$�/� ��%/&D � )7 K"���? �D K"� �I �S/
� )7 �%� E��6 ,�)"\ R</&� �*�*� S,�D #/ $��1A�/ �D %

���� S���/K	/ (&� PASW X7�  S/&D �6 �	&' :�)2 
�*2�	)�I�G  �I(% ,  �A	&' &g� �� ��,"*f/ X7� 

 �A7�� �/�)H� :�)2 �D 0? �Q%&7)(/&'%,�� (&"�1< ��)�
 �	&' �/&f)E- 4.(�D �Q)< �D �3A�GHI R
/&� !""9< S/&D
$�/� �-�
/ D �HA
��3� E
,G< #/ �\ �I ~
�K� B��&� N
#)< �

,  $��1A�/ 0)�&"\ �%� #/ �,�, .


� /�,/#$1جدول�A� S&"'��)H� �
/&;2 S�I ���H' M? S�I��O�� S�I�H.P % 0�6&
? S��O�� S�IS&A  �H.P S.
Sample 

No. Type Do(mg/l) pH Eh(mV) TDS(ppt) EC(ms) T(°C) 

BH1 ���H' k s/4t 8tp/� �k8/t ��u/4 4u 

BH2 ���H' 8/s� p/�t 8��/� p�4/� p4t/� 4t 

BH3 ���H' 4/�� s/up 48u s�/�� s�/�8 8k 

BH4 ���H' u/s� s/�s s�/t t/8� �k/4t 4u 

BH5 ���H' 8/pp �/�u 8k� s/8� s/uu 4s 

SP4 �H.P k/8� s/k� ��� �s/s4 pkkkk 8�/8
SP3 �H.P k/�� �/�8 �k� 4s/� �84kk 8k/�
SP2 �H.P k/�8 �/su �tu 88/� spskk 8�/u
SP1 �H.P k/�t s/8s 4�� u�/� ����kk ��/u


� ?���"K �6>"(20جدول�A� 0)"�? % �I ��)H� �*2/ S�I ���H' M? S�I�H.P % 0�6&
? TU��� S�I��O�� S�I S&A  �H.P S)mg/l()Ld : &
#
 % X"�.< ,=ND :$#/,�/ $,.� S&"'(.

Sample 
No. f - CL- SO 4-2 PO4

-3 CO3
-2 HCO3- Na+ K+ Ca+2 Mg+2 

BH1 8/��� pu��t/u 8�p8 <k/ku <Ld �s/�8 p�8pp/� s�/k4 8u�� �kp/u
BH2 4/�84 48p4u� 4tu/u <k/ku <Ld ND �8pu�p �us/8 48p�u 4�s� 

BH3 �/tp8 4k��p/u �p4s <k/ku <Ld ��t/� 44kus/� 84/48 pp8 4tp/8
BH4 k/4t� 4�pu ��p/t <k/ku <Ld ��/44 4��� t/8�p ��s/� p�/s� 

BH5 k/k�u s�s/4 ps/k� <k/ku <Ld ND s��/� �u/4p uu/� �4/s� 

SP4 ND 4kus� t�8 <k/ku <Ld �u�/� u8ks ��4/s �ku� 8ps/�
SP3 8/pt 4p�ps s8s <k/ku <Ld �pk/8 u4k� ���/s 4ut� �su/�
SP2 8/k�t 4u�tt �us <k/ku <Ld �pk/8 �8�t 4ku/� 844s �8�4 

SP1 8/u4s 4s�4� pu8 <k/ku <Ld 8s/4 �ktp�/p pkk/s �usu 44ss 
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�S�&-I� �)\ ��H  ����c���% �*"+�H�/ ,�#�\ ��V��)� 0/&
/ ����  ���6 % ���� �)*D �*c� n��


�H� M(��3جدول �� % !"3�� ��*2/ &2��+ K"���? �
�A� ���H' M? S�I��O�� S�I��O�� S�I �H.P % 0�6&
? SS&A  �H.P S)&2��+ ���H<
µg/l KQ �D S�mg/l.( 

Sample No. Al As B Ba Be Cd Co Ce Cr Cs Cu Fe Ga Ge Hf Li Mn Mo Nb 

BH1 s �/� 8�s8 48/4 �/�8 �/t� u/�� k/k8 � k/8t 4p � k/�� p/t� k/ku up� tt� t4/� k/p�

BH2 44 �4s tup8 4�� �p/t ��u us/p u/u� 8 8�/t �kk �4t4k �/�� p�/� k/4s uu4� spk� u/u �8/�

BH3 k/� k/p �tu4 �k� �/st k/�p �/kp k/k� p �/�� �/t � k/kp �/4s k/k8 �s4 48p s/� k/�t

BH4 k/� �/8 u�s �8k k/8� k/�8 k/4u k/kk� � k/8u u/4 � k/kp k/kp k/k� �8/t 4/�4 44 k/kp

BH5 p� 4 4�� s4/4 k/kp k/s� �/k� k/4 4 k/�� p/4 k/k8 k/kp k/kp k/k� 4/4 �tk �/� k/k�

SP4 uu/t� tu/�� 4ttp ��/t 8/�t k/kp k/u� k/kks ��/�t p/sp �8/tt sk4t k/kp k/k� k/k� uku/s �48s �u/ut k/k8

SP3 �k/t� �u�/� 8tt8 �t/�4 k/kp k/kp k/k�u k/k8 �s/tt t/kt 8�/ut �p8ps/� k/�8 k/kp k/k8 s�4/p 4�kp �k/t k/ks

SP2 4�/k� 4st/� p8�s s8/�t k/kp k/kp �/ks k/k� �t/�� �k/8 �4/�� 4�8��/t k/�8 k/kt k/� tu4 84tp ��/�� k/��

SP1 pk/k� 8pt/u �kus �48/� �/s4 k/kp �/t4 k/�� 48/� 4k/ss 4k/� �s�4s/p k/�8 k/kp k/k8 �up� tkk8 t/uk k/k�

Sample No. Ni P Pb Rb Rh S Sb Se Si Sr Te Th Tl U V W Y Zn Zr 

BH1 �8/� 4pk �/� �pp 4/� ���� 8/k� ��4 4�8� �p8kk u/p� k/kp k/sp p/s8 ��8 up/4 k/8� �4� k/4

BH2 u8� 4�ut 84p� �ut ��/u p4/� u/48 �8u4 �u�p pk4kkk �p� k/� pt/� k/4u �8� k/us 48/s sptu 4/ku

BH3 �4/p �pup 4/u ��/8 k/�� �8� 4/�8 48 �k�ut 4�skk �/ps k/kp k/kk� 4u/u u4/4 �ps k/�s 48/u k/4

BH4 u/4 tt� k/� �8/s k/� �t/� 8/4s 44 uu8t p�uk k/p� k/kp k/pp u/�8 �u/u 8�/t k/ku �4/s k/�4

BH5 �/� 4��p sk/� �/�p k/k4 8�/8 4/s8 �/u 4spk ��kk k/k� k/kp k/�p k/uu t p/tu k/4p t4/� k/88

SP4 k/�u u��/� �/s ��4/t �/k� ��4/s u/�� s�/ts ��84u/p uupp8/� �/k� k/8� 4/t� u/4p u�/�� k/48 k/ut p4/k� k/k�u

SP3 k/�u 8s�/t u/u� ��t/� 4/s� ��p/� 8/k� ���/8 �k�8k/t t�ptu/4 u/�4 k/8u u/�u 8/su sk/�� k/4u �/�p �8�/p k/k�u

SP2 k/�u p8t/4 �4/s� �t4 8/�� �tp/u 4/pt 44ut ���8�/� �ktst� s/k8 k/4� u/�� 8/ku �kk/� k/4u k/�4 �4s k/k�u

SP1 k/�u p8�/� k/s 8s�/s �/4u s�s/� 8/�� u4�/� sk�� 484�48 �p/kp k/kt �u/�� 8/k� ��8/8 k/�p k/t4 4t8/8 k/kp


?� S�/�)H� ����? "� )7 K/S��)H� �IS���H' M? �IS��O� ��2A7شكل�H.P % 0�6&�IS��O�� S&A  �H.P S.
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,*Q ���$��H  ��0�A�D�<�n�� ()"�/�%/ �
�"H" )VW%�,"I ���&D % 0�6&
? TU��� ��. . .n�n

 بحث

اي خوشه آناليز

��)H� K"���? $,�I� 0�.� ��"�#&
# M? S�I �D ()"�/�%/ �)F= S
��"+��)H� �� a�D ��AG�� M? S�I % 0�6&
? TU��� ��"�#&
# S�I

 S&A  �H.P)g/lm�����/�(��/)B%,Qn.(!
/ TGU 
!A�3�< % ()"�/�%/ �/�)H��DEzA� bI �D a�D �D�.< R
&� 

$,  �a�HA=/ % &z�+ %� !
/ @&A.� $�3A��7 &3��"D �6 ,�/
 E�/)+ �D M? �� EH=�	�GHI#�� S/&D E"�� ,�P ���/ �D�.� 

��/� �)Q% a�D ��"�D �D�.< R
&� !
/:
��/ (K*	 !A�3�< K"� ()"�/�%/ ,���HID�R"e&< :�)2I�S��

��� &I�� �A"	&� �)  �e ()"�/�%/ 0)[HI Y)��0? �A"	&� 

��/%/&	 �D �G�� S&A."D�/� �A"	&� b�� % �A  ��)' !
&< S
�� !A�3�< S,"�6/C";� S�I ��/ !"
�\ S��� 0)3D?]�t[�

M(@&A.� E�/)+�	�GHI#���	�GHI ,���� % �<��D&6 S�I 
�"HI/ S/�/� ()"�/�%/ ,���HI !A�3�< EH= �� S,
�)*	 ,�/

]4k �48[.
�*2�	 �D &A."D S/)&AH6 �D�.< R
&� (�()"�/�%/ �D �G��

pH�D ��A	&' �/&f �&')' % ,
�)*	 0)
 ��"*"� �:��D&6 �6 ,�/
,�
?&	 �*HQ #/ ()"�/�%/ B��A�/ % @&;< �B>;�/ �� �*2/ S�I

C";� �� ��� �/,D? S�I!"
�\ ,�/]��4p�4u[.�G��;� S
$#/,�/ �*A�� S�I&A�/��\ 0�"� �3A�GHI R
/&� $,  S&"'

)B%,Q�(0�.���,I� �D ()"�/�%/ �3A�GHI R
&� �6 
0)"<�6 0)"�? ��I !"D &3
� �
/&;2 S�I&A�/��\ &
�� % �In�/��

�<�n/���/ .�/�)H� �� �
a�D �D�.< R
&� �6 S��/)� ��G
&�< 

��� 0�.� ()"�/�%/ �D �A7� �D K"� �
a�D �3A�GHI ,�I�
 !"D K"� �3A�GHI !
&A."D �,��/� ()"�/�%/U%W��/� �)Q% 

)�n/k(�6�� 0�.� M? �� ���? B��A�/ E��+ % $�3A��7 ,I� 
��/ $�)D �D�.�.

 هيدروشيمي

��)H� �� 0)"<�6 $,  K"���? S�I �D R��{ S�I 
R"<&<Na+>Ca2+>Mg2+>K+0)"�? %R��{ S�I 

Cl->SO4
2->HCO3

-,�? ��� �D )B%,Q4(.!""9< S/&D 
Y)���)H� M? �)Q)� S�I�S�\ �/�)H� &D &\ Y�G / 0/K"� `��/

0)
 �',  �*2/ S�I ,  b"�&< .!
/ &D`��/ M? Y)� �I
$�� �� �3HISM?</&*6 S�I�
,� ~)Na-Cl($���7� %S
�A	�
 �9�)<,��/� �/&f )E- n.(Y)�)� !
/ E��+ !
&AH��

 % �;O� 0�
&Q ���HA=/ &"�� % ��O�� SW)�)A"� �D �Q)< �D
J�D #/ M? 0�
&Q �)G+ ��"�#&
# }�G<�/ % S&"�G< S�I

�16 �D �-
W)�)VW%�,"I ��/ � � �� �)Q)� �-H� S�I .
���&D $�)< ���O�� �-
W)�)VW%�,"I 0/)�+ �D /� �A"�/&' S

0%# !
&AH�� #/ �-
 �I�� 0�.� �
^h< S#/ � �� M? �6 ,I�
���6 B>;�/ % �"�/&' �'�#/)I #/ �\ ���D �b6 TH+ �� �I

�� ��"�#&
# ��)H+ 0�
&Q �D ��A
��� �,�)"\ .R"6&< �D �Q)< �D
0)
 �
�"H"  &"�� B)U �� M? �a�HA=/ B)*;� &2��+ % �I

���6 B>;�/ RG� 0�
&Q �"��I ,���� �
�I)NaCl(�
)*"� �
)KCl(~I? �)CaCO3(�"�)�%� �)CaMg(CO3)2(%

�
�,"�/)CaSO4(��/ $,  �.

�4�Gجدول�;�$#/,�/ �*A�� �
�"H"  S�I&A�/��\ 0�"� �3A�GHI R
/&� S��)H� �� $,  S&"' ���H' M? S�I��O�� S�I�H.P % 0�6&
? S-
��O�� S�IS&A  �H.P S.

���/�
�3A�GHI 

&z�+
�3A�GHI
�G]� 

�3A�GHI�1�� 

�/�<± U DO Eh-F--Mo-P-TDS 

�/�±��/�± U Na+-Be-Cr-Th-V 

n/�±��/�± U PH Ec-Cl--SO4
2--K+-Mg2+-As-B- Cd-Co-Cu-Ga-Ge-Hf-Nb-Ni Pb-Rb-Rh-Sb-Te-Y-

Zn-Zr-Ce-Eu-La 
�/�±-n/�± U S Ca2+-Al-Cs-Fe-Li-Mn-Se-Sr-Tl 

�/�±��/�± U Si-HCO3
-

�–�/�± U W
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�S�&-I� �)\ ��H  ����c���% �*"+�H�/ ,�#�\ ��V��)� 0/&
/ ����  ���6 % ���� �)*D �*c� n��

% /�)H� ���H' M? S�I�H.P� H� &\ S�\(��3 شكل 0�6&
? ��O�� S�I��O�� S�IS&A  �H.P S..

 هيدروژئوشيمي اورانيوم
�"	&� �D ()"�/�%/ S�I�+)UO2(�u+(UO2

+)%�+(UO2
2+)

��/� �)F= �9"GU �� C";� �� �6 C�	 �/,D? S�IU(IV) %
U(VI)��)' ,�A�I ()"�/�%/ �/,
�\ S�I]u�4�[.M? �� S�I

&
# S,"�6/ �;O� mV)��� (Eh> �U(VI) :�)2 �D
0)
 E"�/�%/ S�I(UO2

2+)�	�GHI �6 �D /� ��)'��)' S�I
 #/ �9D�< :�)2pH�� E"-.< �� �	�
 d,I� �)  .ED��� ��

U(IV) E"�� �D % B>;�/ !"
�\ ��"�D @&;< ��/%/&	 !
&AH6
 �� /�C";�0)3D? S�I% �A /� S,"�6/ �� /� ��/%/&	 !
&A."D 
C";� D? S�I0)3�
�"=/ )mV Eh<200(�� 0�.� ,I�]��
4s[.0��P �6E- ��� 0�.� ��)H� �� B)*;� ()"�/�%/ �,I� 

M? $&A�' �� ���&D ��)� S�I SU(VI)��/� �/&f .��c
/ �D
 S,"�6/ C
/& y�� bA�"� ~
 ��/M?U(IV) �D % �/,
�\�� 

U(VI)�� ,"�6/ �) ���)' �D M? �D $/&HI ()"�/�%/ �6 S/ S�I
% $,  5��7 y�� #/ S,"�6/U4+E"�/�%/ 0)
 �D B)*;���

 B)*;�UO2
2+E
,G< %*A�� Y/)�/ �1#/�	�GHI ��)
 S�I

 E"�/�%/�� E- �M? �H" )VW �D �A�D /� ,I� .B>;�/ S&
^\
�	�GHI �D E"�/�%/ 0)"�? S#�� ,��3"� % �I M? �� �)Q)� S�I)��

M? ��/ :��D&6 R*{/ �9"GU S�I (�A	�
 J
/K	/ %
�	�GHI % S#�� J�6/% !
&AH�� #/ �.I�6 % �.
��6/ S�I

$,��6 B&A�6 E�/)+C";� �� ()"�/�%/ @&;< S,�/]�k �4u�
4t[.

I� 0�.� SD�H�Eh/pH$,(�/�4شكل #&� "!U(IV) %U(VI) �)F= �D �CO2bar �/k�)F= 0%,D %CO2]4s[.
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,*Q ���$��H  ��0�A�D�<�n�� ()"�/�%/ �
�"H" )VW%�,"I ���&D % 0�6&
? TU��� ��. . .n��

 هاي آبي دما پايين هاي اورانيوم در محيط همبافت
M? �� ()"�/�%/ Sa�D K6&H< �D R*{/ ��"�#&
# % �;O� S�I

�*"�%�	�GHI E�/)+ S�� B&A�6 #�� �) ]8k[.!"D ��
,��3"� M? �� B)H9� S�I E�/)+ !
&A."D ��"�#&
# S�I

�	�GHI 0)
 �E"�/�%/ �D #�� % :�1�	 �,
�)*	 S�I �D :��D&6
 ,�A�I �
�"*f % �]�7 �D ~
�K� �S,"�/ C
/&  �� R"<&<

]�k[.�	�GHI M? �� E"�/�%/ S,
�)*	 S�I �D ��"�#&
# S�I
jpH<�	�GHI ��<�1�	 S�I ��pH�H6 �< �]�7 S�I

 S,"�/)M? �� �D ��"�#&
# S�Ippm�/k:�1�	 (%
�	�GHI �� �<��D&6 S�IspH> ,�A�I �"HI/ S/�/� ]p��k�

8��88[.E- `��/ &Du0)"�? �g*{ �D �Q)< �D %��
 S�I 
$, �D �D ()"�/�%/ Sa�D �3A�GHI % �D�.< R
&� ��:��D&6

���/� % :�1�	 % :��D&6 0)
 !"
�\ �g*{ SpH��)H� S�I
 M?)�s/s��t/p(EHA;� �	�GHI E��+ !
&< �� ()"�/�%/ �D #��
M? ���&D ��)� TU��� ��"�#&
# S�I�D 0)
 % $�)D :��D&6

�	�GHI E"-.< B��A�/ % @&;< E��+ E"�/�%/ �<��D&6 S�I
 ()"�/�%/U(VI) ��/.

 هاي كربناتي اورانيوم همبافت
$�',
� `��/&D &
)H3�a]�k[�� % �.
��6/ C
/&  �� �

pHS�I]�7��
�"*f %���)' !
&AH�� % E"�/�%/ 0)
 �I
�	�GHI E"�/�%/ �<��D&6 S�I �,�/ E"�/�%/ /&
#)+UO2

2(�)Q)� 
�� B)*;� �� $,  �	�-D? ,�/)<)Hydrolyze(�� %�)F=

0)
 �	�GHI ��<��D&6 S�I ��%? �)Q% �D /� ��)'��)' S�I]4� �
8p �8u[�� !
/&D��D �pH]�7�#/ ��Q)< ED�f �/,�� �
�"*f %

�	�GHI :�)2 �D �/,D? #�	 �� $,��H"f�D ()"�/�%/ �<��D&6 S�I
��/ ]8�[.�D % :��D&6 0)"�? :��D&6 M? �� B)H9� S�I

 ,�A�I ��"�#&
#]4u[�� ��c
/ ��? !D&6 J
��6/ �D %,�)  
]nj[.:��D&6 K6&H< J
/K	/ !"�[HI M? �� B)*;� S�I

 �D �6 , �D �"�)�%� B>;�/ #/ � �� ��/ !-H� ��"�#&
#
B)*;� E"-.< $#�Q/ !"3D? S�I�	�GHI �/�%/ �<��D&6 S�I /� E"

�� ,I� ]8� �8t[.0)
 �)F= �� �6 ����# % �<��D&6 S�I
 E"�/�%/ �, �G� &A."D :��D&6 K6&H< #/ E"�/�%/ K6&H<)UO2

2+(
�	�GHI 0)
 !
/ �D S)f S�I E��  �I :UO2(CO3)�

UO2(CO3)2
2-%UO2(CO3)3

4-�� �/�pH>$�/� E- �D %
B>;�/ :, S&
^\ U(VI) �� J
/K	/ M? �� ,D�
 ]4� �4t�

8� �pk[.��pH~
�K� S�Is��)' N
#)< �0�.� E"�/�%/ S�I
�� �6 ,I��UO2(CO3)2

2%�UO2(CO3)3
4�	�GHI S�I

 ,�A�I �*2/]8u �p��p8[.E- ��� 0�.� �6 ,I��	�GHI 
UO2(CO3)2

2-�� ()"�/�%/ ���= !
&<�/,
�\pH!"D s%���
.
��6/ C";����/ ]u[��)H� ���H< %�IM? SS�I

 K"� ���&D ��)� TU��� ��"�#&
#)��)H� KQ �D SBH2 ( ��
$&A�'})D&� S�� �/&f �	�GHI !
/ �D ,�&"'E2�= �6 J�6/%

�D 0)
 % E"�/�%/ �OD/� :�)2 �D :��D&6 ��/ &
# S]4�[:
UO2

2+
(aq) + 2HCO3

-
(aq) → [UO2(CO3)2]2-

(aq) + 2H+
(aq)

/% �GHI	�5شكل S�IC";� �� ()"�/� �.
��6/ C
/&  �;< �D? S�I �D �)F== 150 ppm HCO3
-]�[.
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�S�&-I� �)\ ��H  ����c���% �*"+�H�/ ,�#�\ ��V��)� 0/&
/ ����  ���6 % ���� �)*D �*c� n��

�"�H� Eh/pH��)' bA(�/�6شكل ,��Q S�I#�	 % M? �� B)*;� S�IU–O2–C–H2O S��� �� (°C)��%
Mn���×�.n=M, C ����×�.nU =]�[.

)SI(هاي اورانيوم هاي اشباع كانه شاخص
�
 B��9< ���= �� ����e #�	 % ��"�#&
# M? 0�"� B��9< (,+

�A.�� Y�G / X7�  T
&U #/ 0/)�D? S�I�)SI(���&D 
�� ��"���
�)�&< ,�%� #/ X7�  i
 ���< �0? �/,�� �6 �) 

% $�)D B��9< �
 M)�� �B>;�/ S/&D ��"�#&
# M? B)*;� �D 
0�.� /� 0)'��)' S�I,��Q % M? !"D J�6/% E"���A\ �'���

�� �% ,I�� 0�"D &
# :�)2 �D �) :
IAP

SP

ion activity product (K )Saturation index solubility product (K )=

KIAP�� ��)
 �"��9	 M&F*2�= /� % ,���� #/ �"��9	 M&�
$#/,�/ ��)
 0)
 $,  S&"' �� ��� �D B)*;� �� �I ,
? .!
/

��/ J�6/% ����9<&"{ �D�x Nf/% �� �G��.KSP /�M&F*2�=
�"�>= �� �D �D&c< &g� #/ �6 ,�
)' !"�/)f #/ $��1A�/

 ��/ �D�x J�e/% i
 S/&D % $,  !""9< i"���
�)�&<]pp[.
�1�� &
����SI $,�I� 0�.� S/&D �-"���
�)�&< E"���A\ S

$�)D ���6 B>;�/��)H� ����= !
/ �� %&g� #/ ���&D ��)� S
���6 B>;�/ �D ���f S�)r<��/ &g� ��)� S.&12 &D/&D &
����

$,�I� 0�.�S�G]� &
���� % ��/ ���6 % M? 0�"� B��9< 

1- Saturation index 

�� 0�.� ���6 #/ M? �6 ,I� &g� ��)� SZ)	 ��/ Y�G / ]p�
pu�ps[.0/��-HI % �)<�?]p[&"-"D % :����< %]pu[�D

�\ �� Y�G / X7�  #/ $��1A�/�����6 �
)Q ()"�/�%/ S�I
0��"HU/ ED�f �%� !
/ �6 ,�A	�
�� &2��+ #/ $��1A�/ #/ &< 

��/ M�
��.
���6 ���&D �� S/&D ����&D ��)� TU��� �� ���HA=/ �
/#

�G��;�X7�  S���6 #/ S�/,9< Y�G / E��  ()"�/�%/ S�I
 % �"�"	)6 �0�	)�/�%/ ��"�"�/�%/ �,�*G["\Schoepite �� 

��)H� #/ �$,  � /�&D M? S�I �����.�� (&� �/K	/
PHREEQC,  $��1A�/ .&D��D B%,Q �%E- j�,�*G["\

��)H� ���H< �� �� �"�"	)6 ��I��)H� S�ISP1 �SP2�SP3%
BH2�� 0�	)�/�%/ ���)H� S�ISP1 %BH2 �Schoepite �� 
��)H�SBH2��)H� �� �"�"�/�%/ %SSP1 �',  Y�G / 

�� 0�.� �G]� D �a�HA=/ �6 ,�I� �a�
*�Sa�D �+&� ,���HI
 % lO� �� M?)+ 0�)G� bI/&	�< �� &x)� E�/ !
/ ��.�

���6 �ID���
�"=/ C
/&  �)Q% �)z7�< lO� �� ��.�
�A /,�,�/.Y�G / ���H' M? �� ,�*G["\ Sa�D �',  �D % �I

�H.P �)z7 �� �I $,��6 0�"D ,�/)<���6 �)Q% S�
/#
, �D TH+ �� ()"�/�%/ ���HA=/ .&"-"D % :����<]pu[�� 
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,*Q ���$��H  ��0�A�D�<�n�� ()"�/�%/ �
�"H" )VW%�,"I ���&D % 0�6&
? TU��� ��. . .n�j

��;� 0)�/&"\ �)7 JI%q\�GX7�  S���6 Y�G / S�I S�I
��)H� �� ()"�/�%/ S�IM?��"�#&
# ,�P
!�()"�/�%/ �����6

���6 �G]� �',  Y�G / �I�����6 !
/ #/ �7&D �� ()"�/�%/ S�I
E"�� �D /� �+&� ���? $,"�+ �D % �A��/� M? 0�
&Q b6 �+&� 

$#�Q/ M? R�������6 0�"� �
�\ B��9< S% ()"�/�%/ S�IM?S�I
��"�#&
# ��/ $�/� /� ]pu[.�Nf/% �� �6 ��/ ��9� 0/,D !
/

�*"�% �D &A."D S&
^\_)1� �� % 5&	 % E*7 �� 0�
&Q S
�3A�-  M? % $,  B&A�6 �I S/&D �	�6 0��# ���"�#&
# S�I

���6 �D `�H< �
/# �',  Y�G / �c"A� �� % �A /� /� �*2/ S�I
���6 #/ �G]� .� /� ()"�/�%/ S�I�� 0� ,�I� .E"�� �D R*O� !
/

 K"� ���&D ��)� TU��� ��)� �� ,�*G["\ �G]� �',  Y�G /
��)H� Sa�D ��"�D �
/#)<&\ /&
# d��/� ��/)�HI �D)7 �D S�I

��O�� @�7 % M? S&A  �H.P S)Sv/hm�n(�� K"� ,�/)<
���6 �)F= &D �*"�� , �D TH+ �� �
/#.Y�G / X7� )SI(

J"\ E��+ ~
 $,��6 ��"D ���6 �)F= �� 0��"HU/ ED�f SS�I

�����6 % ()"�/�%/ ���6 X"�.< % ()"�/�%/ S�I �1�� �
/#
% ��/ ()"�/�%/ &
���� SI$#�Q/ &12 #/ &A."D �
 S%��� S

��O�� �%,= !""9<���6 S�� /� �
/# ,I� 0)P %X7� 
���6 �',  Y�G / �D �A�D/% :,  �D ()"�/�%/ S�IEh���/ &I

&A�/��\ %�SI %Eh�� M�
�� &2��+ ,���� S/&D ,��/)<
 ,�)  $��1A�/ ()"�/�%/ �1�� S�I�����6 �
���� ]pu�pt[.#/

�� �6�c�?���6 ���&D ��)� TU��� $,
� lO� �� �
/#
�H� ���6 �)Q% �\ ��)  ()"�/�%/ �1�� �
/#)()"�/�%/ �����6 (
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