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Brains evolution and evaporate minerals formation in Saghand playa 
in central Iran, and compare with some saline lake in the world 
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Abstract: Saghand playa is located about 150 km northeast of Yazd in central Iran. In order 
to study brine evolution and effect of brine origin on mineralogical distribution and 
hydrochemical characteristics of evaporate minerals for exploration, 21 samples were 
collected from different parts of this playa. The samples were analyzed using the XRD to 
determine mineralogical characterstics of the brine. Normalized XRF results were led to 
establish elemental analysis of the samples. Results were compared with data of Great Saline 
Lake, the Death Valley and the Great Salt pan in North the America. Cation and anion 
variations in the Saghand playa brine, hydrochemically and physicochemically are similar to 
the Great Saline Lake the brine type is Na-K-Mg-Cl-SO4 as alkaline meteoric brine. 
Mineralogically, halite, gypsum and bazanite are the most frequent evaporite minerals in this 
playa which suggest higher Concentration in of Saghand playa brine in comparison with the 
other mentioned playa. 
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�)@�[A21@6 ,/0[me/Lf�gN �3�D�, �B�)@� �BDA10e)BD-�
��� .C�B6 -*6 �� U'/$B� 7)
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F�W�)BBB�)So4
-2 (D �BBBDBBB/#/0[me/LN9fgN �BBB�)@� �� A21 

-3��,�-	
2
7)�I�D�Y�� k� 
�$0 3�� ,�X6me/L:igN� 
���.

�)E0� �D��-D�1)JK/@�k �D��)1�I4�'B
�4�$08�B� 
�3�
D Z�!$�  ��� ���)B@� F�)O �D HCo-

3 + Co3
2-rSo4

2

rCl-�� $0\ �D 
\�[%@� ���� h�� 
��1!$�$�.��0\ �%�B
!$
���)1 �7�% ��)@� �5� -3#B/D ���)B@� �� �I B
 Q�BD y��Cl-

��� !$1 <=�, .�
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�\��I4%@� �-�  h�� 
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5tC Z�� �I���)@� -�0j�� ]i[�/���, 5$�$1 
)X%1rik(� 7�#� , ��7�B%� �6 $I� �B�)@� ���)B@� 4,� �BI

 -3#/D -�0j�� �,$_� ��&Cl-��� �3	-. ��-= .C��M+ �D�U'
�C �� �*6 ��#�/%#C , �/X*�C ,/�� ?)*_� �7  �B
7)�BI4

F�0D-6Co3
-2

 �C �@� �D��#��*��%C $�,� ��C�W�)� ��� �)> 
c�!�-6 �$�0\ �/3��Y 2�����&^-B� Tlue spring-�  
�B%
�/��� !$1 L��5. 5]9�i .[ ��-D �����6 ���01��D��)1 �BI
�/��I �)S, 5/����D !�-@I �D �/K ��
��� , Uj/�$
6�BY ����

0\/2�-1 
z���� .�' �-E� 2
� ��
�4�D��)1 �5S $08�� �I4
-*6
$4Cl-� k)�_� �)1� �6 ��B0\ 7�)C/3��BY 2��� �� 
��
�\��%@� -�  ^�5D 
�%]9[�/!$I�#� 5-6�� �3M�� �
�B\�-
�I4%@� ��
-"�D��)1 �D�I4� F,�W3� /� �� 5
7�#B� X%B1 2

!$1 !����$�.
�����)@� So4

2 - HCo-
3 + Co3

2- - Mg+2�/!��� 5���, �I
1!$$B��)X%B1ir�.(�+ �BD B/ 7���Bb@I , -�B0j�� !$]i[��

��BB���BB*6 /BB� �3#BB�� ���)BB1, �C�)BBO �� /�M�BB� �%
Mg+2/Ca
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�D��)1 X��%C���6 X/%#C , �I56-� 7�-
� $08�� 4�
�' �� 4-/�MC 4�I , �4. . .v�

�� 
$����� -H� �� ,[�)�,� �*��bC $�,� /50"� Uj� , �
, �
3�)I/� �3#�� ��)1�$.� �BD �3�D B/ 7�5Ca+2�,� [B/ �?)B*_� 

*��%C $�,��D ��)D $I�)> F,�W3� �D��)1 ��)c
�BD �BS)C �D �%
�/7�5Ca+2�Mg+2 ,So4

-2 -I �@� �D �D��)1 X��%C 
�� Q
��6 , !�-6 �6-Y y)J���I4n�#� �B� �3#B�� �)B1�$.�BD

 T=)� �D �S)C/�-D !$1 !��� 7�#� �4�'B
�4$08�B� �� �� B
2

�� �D��)1 ���)@�Ca+2 ̀ �BD ��3M�B� �
!�)BD ����)B>-D �-BH� �� ,
y�� �@� �D X��%CSo4

-2� �6-Y ���6 , $06��I4�C�W�)� 
E�/K -
F�W�)� , Uj�I40�/5
hB� �3#�� ����)B1�$.B0\/2

�-1
z��� �� 
\�[%@� �-�  ^�5D 
� �%/� !$I�#� 5�)1�.���
��7�)C�W. �' �6 B
�4�5BS $08�B� ��
�B\� �BI4B%@� ��BD 

�D��)1�I4X��%C 
-*6 a)� �� , �3	�
$4Cl-� k)�_� ��)1.

@��AB�D��)1 �
�/@/1 �
5tC Z
�3�)*	 L,� �D $08�� 4�
�' 4�I)J������ )C-'
U%)XRF(.

��)@� Na(me\l) Cl(me\l) HCO�+CO�(me\l) Ca(me\l) Mg(me\l)SOf(me\l) 

A9us;/99  �w�/�� ���v/���� g�/9f;N ff/s�� 

A��v�/�v ���/�� �v��ww ��/���� vv/��� 

A�:9;/99 �v�/�� ����/���v v�/�w�� ��/��� 

Av�s;/f���/����v�/v�� �v�/��� ��/���� 

Aw���/w���/���w��/vv� ��/���� ��/���� 

A���w/w��w/��v���/w�� ��/��v� ��/�v� 

A���w/����/�� ����v/��� ��/���� ��/���� 

A����/v���/�����w/v�� ��/�wvw ��/���� 

A��v�/�v��/�v �����/��� ��/���� ��/w��w 

A���v�/����/v�wv�/��� wv/���w ��/���� 

A�����/�� ���/�v w���/���� w��/��� v/w�vw 

A����v/�� ���/�� w����� ��/���� �/��v�� 

A���v�/�� �w�/�� ����/���� ��/���� �/�v��� 

A�v���/��w�/�w ����w/�w� ��/���� ��/���� 

A�w�vv/����/�� ����/��� ��/���� �v/���� 

A��v�v/�� ���/�� ���/���� �/��v� vv/��� 

A�����/����/�w �����/��� �vv/��� �v/�vv� 

A��wv�/�� wv�/�� ����/���w ��/���� v�/��v 

A��w�v/�v ���/v� w�w�/���� ���/�v� �/��v�w 

A����v/�� ���/�� w���/���v ���/��v v�/�v�� 

A��w��/�w ���/v� ����/��w� ��/��vw �/����� 
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5/1-C ��� x/MY w�

E3� D

F
���GR�� ($08�� 4�
�' �/T=)� , !$1 !��� 7�#� 7�%/' �D �6 �D��)1 �*��%C $�,� .k(���b@I , -�0j�� �*�� 7)9��; (4�B
�' �B/T=)� ,

�� �� �)S)� 4�I �])Y , �%@� ^�5D �\�
�� �D ��
��� �� $08��&^-� .�(���6 7$1 �3#�� $�,� �
��� , 4-/�MC 4�I[\�
�� �D 7  [^�5BD 
�])Y , �%@��� �� �)S)� 4�I&^-� .)j��d� , 5�)S �� y�M3=� )N;;i (7���b@I , -�0j�� ,)9��;(-//GC �d$�� �DF�.

��)@� �I 4�-DTC//, 2
.V��I4��6 ���01�L�-' L,� �D 
U%
� )C-' (XRD) �B��-D ��)� �B3	-. ��-B=�$B� .�B%��0\ �� 

X%1f�� !$
��)1 ��6 ���I4-*6 
$4E�/��I -B/�)NaCl (
 6�C ,�I/�$
�(CaMg2Cl6,12H2o)-B3��,�-	 
��B6 2��BI4
�MC/-4�D��)1 �� �I4�'
�4D �6 $�$08�� -*6 �D �S)C �B
$4

0\ ��D��)1 7�)D/6-C 2/��6 x���01��/��+ 54��� .!,�B+
��I -BBDBB/BB� ����BB6 �BBD 7�)BBC��BBI4C�W�)BB� ���BB��D $BB0��� /�

(CaSo4,0.5H2o)� �/D�-/*BB/ �(Na2So4,10H2o)�� �BB/�$
�
(CaSo4)K ,
Uj(CaSo4,2H2o)��6 ,/��4C�B0D-6 �$B0��� 

�BB*6/�(CaCo3)�)�,� �BB/ �(CaMg(Co3)2)50"� ,BB
 �
(MgCo3)!��1� -6�.

��-D ����I4��#� �3	-. (�t�� 1B1�Y �� �B6 $/�BD �
�' 56-�
� �� ��/��6 7�5��I4C�0D-6 �C�W�)� ,�, !$1 �3��6 

� -D/��6 7�5��I4-*6 
$4� !�,5	� ��)1��)c �D 
<z�� �� �%
�)c��1��-D 11�Y �� !$/�' 56-� �D �
��)@� X��1 �6 ��I4
A1�C A4��� GC $�,� �//6-C F�-/��6 x�B��01�F�)BO �BD 

�
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50"�,-*6 �Uj
�
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�

�
GC 2//� 7�#� F�-��@� �D �D��)1 �6 $I� �' 5B6-� B
 �
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"0��7)��-/' �' 
����6 a)� ��I4�MC B/-4� !$B1 �3#B�� B/5
�)c �D ���� F,�W3�
�� -3>�D �� �%
D �6 �\�/�3#�� -3#�I4

,�BBY 7K)BB��4KBB
 BBzD�� �)BBS, �BB*+ �BBD ����� �5BB�,-D Uj[
Cl-+So4

-2 > Co3-2��)@� ���A15D/�3#�� -3#�I4-*6 
$4
C�W�)� ,���� .�
��I X��1 ���� 2/����D ��/D ��/	)q B/��,

�/)*
���� ���,1�Y �� [/��@1 ��'
D �6 �/�0� -3# 4�I
�� 
	�� 2/��� �5�,-D Q���6 �$��I4C�B0D-6 ��B*6 X��B1 /��

�)�,�/50"� ��
6-C �� 7,-C�� , �B/!��� �/�#BC �D��)B1 x
!$1�$�.

�D ��-D �)E0��*��%C $�,� �� , �D��)1 /��@3Y� -�7 �BD
 !��W3�� ���)@� ��44���BI , -3�B.� m�)C �6 ]s[$B1 �BJ���

)X%1r:(�X%1 ,./-4��@3Y� ���6 -I ��-B1 �BD �BS)C �D 
m
�)S)� ��)���-D��	-. ��-= .�D �S)C �D �B��-D 4�BI (�Bt�� 
�!$1U'�3#�� �� ��6 7$1��BI4C�B0D-6 �+ �BD �*�C �B* B/ �

�� ?)BB*_�Co3
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�D��)1 X��%C���6 X/%#C , �I56-� 7�-
� $08�� 4�
�' �� 4-/�MC 4�I , �4. . .w�

	�6�K �
��C�W�)� , Uj40�/5
h�BS-D ���4!$B1 !����B. �$B� .
�5	�
��$�� 7��� ��� �� , ��� P4$BMC xS)� �k  
K XB
Uj

����D �D/��� ����� �� ,
��� $�,� 2/�$
%#C �/��� !$1 X.
� �)M@6 -H� ��
� `�D , -O�0+ 2� 23	/$� 7�5
�D��)1 �� h

��6��/D�-/*/�S -D �4� !����. ��6 �)1 7  �)BS, ($+ �*+ 

�D��)1 �� �� -C`�BD ��B�� �� ���B6 2
� ���$
�'�� �vr��BS�� 
��-"/3��� ���]��[D��)c
�%�/�])Y �� �/*/D�-�I4�3�D 
� `)@T�
@� !$��)1�-
� XY !��D,� !$1 -D)*. X%1 �D ,B
�

��I ,/� �
� !$��)1]��.[��7�
�' �/�5B	� �D 5
� PB/7�5Cl
?)*_� �����6 ��I4-*6 
$4E�/��I -/�C �!$1 ��#��$�.

���H��$TC4���I���)@�4L�-' � )C-'
U%)(XRD�D��)1 ��6 �6 $08�� 4�
�' 4�I��I48/-����� !��W3�� �D �*=�I4J���01 ���$��3�� �
��6 ,��I4���F�0D-6 �I,� ��)��,...J���01 �� �6�� ���  
� X%#� ��t�)#3�1 �D $006�D��/3�� $/Q:/;F$� �D ?��-�9Nk , �+�� 
�6�/��Vi;%�C/$�$1 ��@.
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5/1-C ��� x/MY w�

���I$1 �3#�� $�,� ���6 7�
�' �� 4-/�MC 4�I�)j��d� , 5�)S �� y�M3=� )N;;i(.

J����� 
�.��B3	�,-	 ~B
 �� , 45Bd-� 7�-
� �� $08�� 4�
�' B��/2-

3>������ !$1 X/b#C .��-D��I4�@/B1)JK k  ���Bd ,-
�D��)1 ���01 7)
 5d-@C 2
-3#/D �d ��� 7�#� �
�' 4�I 4�BI

 7)B
 �BD e)D-� �D��)1 �� �)S)� �h
$B� �F�W�)B� �-B*d 4�BI

 ��� h
5/0� , h/��3' .�D��)B1 !,-. �� �D��)1 -E� 2
� �� 4�BI
Na-K-Mg-Cl-So4  �D��)1 �
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�B/*= 4)BS 4�BI!�� 4$B0D

���)1 .���d 2
-3��,�-	 �D��)1 �� �)S)� 4�I ���Bd X��B1 �I-
��� �/����D , Uj
K ��/��I 4�I .��-D��D��)B1 X��bC 4�BI
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�D��)1 X��%C���6 X/%#C , �I56-� 7�-
� $08�� 4�
�' �� 4-/�MC 4�I , �4. . .w�

C�0D-d�D ,�@� ����Bd �
�' 5d-� C�W�)B� !,-B. 4�BI��� ,
�'
7��C �I$
-*d #�/2!$1 �� $08�B� 4�B
�' -E� 2
� �� �d $��

��&�\�
�� �b@� 4�I�D�B� ��-B= �3	�
 X��bC �D��)1 �-B/. .��
���d 7$1 �3#�� X_� �D �S)C �D �	-c4�I �B
�' �� 4-/�MC 

���d a)� �d $1 ��#� �"0� 4�I�5�,-D U0S -/H�C �_C �I
 �
�' 7)��-/' $03�I .�
���[�D��)B1 �*��bC $�,� 4�B
�' 4�BI

 �\�
�� �� 4��$TC �D $08�� !$B_3� F`�B
� ^�5BD �Bb@� 4�BI
 �� 7�#� �D�#B� $08�B� 4�B
�' �� $B�,� 2
� �d $I� [B\�
��

�%@� ])Y �� ^�5D [��&�!$_3� ���
� ^-��� .�B�� $/��
 �' �� 4��5D� 7�)0+ �D $��)3D !$1 �J��� F�+�c� ���d 4��/J)S-

-/. ��-= !��W3�� ��)� k�/@d -O�0+ , 4-/�MC 4�I�$.

�����K � ����
$D
�)0/� (�` �)> -D �*����h#I,V' (-3_� ��,�T� �� �

���� ���  !�"#����� (�t�� 7�%�� �6 $�#� 
K,-' 2�_C !/C���
���D#I,V' �-c 7�)0+ �����$= , -%#C �)@� hI�-	 ��@� 
h.

0q@I/�=  (-3_� 7���%@I �� 2
�� -36� 7��
y$0�� �
��$D�36 y$0�� , ���M��)S4@*+ &�,�#� -c�> �D �,

��%@I4@O/���@"��j� 7�15(��.
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