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SiO2 er/�� rr/�v ��/rb �e/rc cb/ev ��/�� r�/�� ��/�� ��/�� ��/�� 

TiO2 ��/b ve/b �r/b c�/b ve/b cc/b v�/b e�/b r�/b �e/b
Al2O3 r�/�� �v/�r �c/�� ce/�� rv/�� �c/�e �/�� r�/�� �c/�� be/�r 

Fe2O3 �e/c be/e cr/c c�/c ev/r �b/� ��/� ve/� c�/c v�/c

FeO b�/b �b/b �r/b ��/b ��/b ce/� �r/e br/� ��/c r�/�
MnO ��/� ��/� �v/� ��/� ��/� br/b �v/b �r/b ��/b �e/b
MgO �r/e ��/e c�/� ��/� �v/� c�/� c�/� b�/c rr/c r�/c
CaO er/e �c/c �e/� cb/� rb/c �c/� �r/e b�/� �v/e ��/r

Na2O �e/� ��/c cr/e c�/� �v/� b�/e cb/c �v/� r�/c c�/e
K2O �r/c ��/� c�/e e�/c �v/b v�/c v/� �r/e ��/c �r/c
P2O5 ��/b cr/b �e/b eb/b c�/b ��/b c�/b cv/b cc/b ��/b

L.O.I vb/b c�/� �r/� c�/� rv/� b�/ 2 r�/� ��/� 2
Total 

(wt%) 
vc/�� �r/�r �v/�� �b/�r ��/�� �r/�v �/�� �r/�� rv/�� �r/�v 
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�:!%f G*�:/ L(:+ �:/ *� "�!� ��$�)hydrous alkali 

borate (�4* ���0 ���.)!J .
�.�J =*�/=#$:!.!�$�< �
�!��0 "�	 ��.1 �" �$0 ���4��� �*�

 �� V.0*� L/�f �� *Z� ��4* �
�$( '>*$:+ �:/ ��.C:4* �/ 5*$1

�J$(4��(!��)L(+�.�J ��  !����$1 =�!�=#':& � �!4�4 
 !����$1 �/ �!4�4 �C	�/ _��E1 (��0 ���.)!J *� �
" V.0*�:

Na B4 O5 (OH)4 + KAl3Si3O10 (OH)2 + Fe3O4 + Mg  
Muscovite  magnetite 

(OH)2 (aq) = Na (FeMg)3 Al6 (BO3)3 Si6 O18 (OH)4
"hab"                             schorl-dravite 

��  !.k-> �	�� �{� �� *� �
" V.0*� 5*$1]c�[:
12 albite + 6 magnetite + boric acid (aq) = 2 schorl 
+ 24 quartz + hematite +10 H2O + 10Na+

7<f�/!�'��- �� j$	 V.0*� "* '�*$1��* �� �:/ ':.
<�	 @
�$S" 
)feed back(�$+ N8$� *� �C)!/ ���4��� .

453Eu�* .�*�$-�Ca/ (Ca+ Fe) �/ �U�� Fe/ (Fe+Mg) *�/=Y!��1 � !����$1 ='./�(��.9 �:� 5�)� �*�$-� �0 �:�$-� ':>� �� �:> ��C�:� 
�C	�� �*�f �
�*��'�*]c�.[7.�/  !����$1 ='./ Y!��1 �*�$-� �U�:� O�:4*Fe �:/ �U�:� Mg]cc[� �.�*�$:-�*'8 :
)�Al, Al50Fe50, 

Al50Mg50 �G.�
�1 �4 �*�$-�Fe, Ca, Mg !����$1 ��,C4�S  !!E1 =*�/ ]��.[
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'%8�����-+ ������/ ����  !����$1 �C	�!->2�4��� 5�" �� �"��!	 �����0 �@!%!	 ��. . .��

(�+'D��*�  !,��!� P
�C� =�>�
+"*��J6�5< ��$!1�0 �U4�t� � �" �$0 ��I.� =�>  !����$1 .
Sample SiO2 TiO2 Al2O3 B2O3 FeO MnO MgO CaO ZnO BaO Na2O F H2O
Zr-T-1 rv/cr c�/b �v/cc ��/�b �r/v b�/b ��/r ��/b bc/b bv/b ve/� be/b �/c
Zr-T-2 �r/cr ec/b ��/cc ��/�b �/v b�/b b�/r ��/b b b vc/� b ��/c
Zr-T-3 ��/cr c/b �c/cc r�/�b �r/� b�/b ��/� e�/b bc/b b �v/� br/b r�/c
Zr-T-4 e�/cr c�/b rv/cc ��/�b ��/� b�/b ev/� e/b be/b b�/b v/� b �/c
Zr-T-5 r�/cr ce/b be/ce v�/�b ��/r bv/b re/r ��/b b�/b b�/b b�/� be/b ��/c
Zr-T-6 b�/c� ec/b �/cc ve/�b �/r b�/b e�/� �r/b b�/b b b�/� b�/b �e/c
Zr-T-7 r�/cr �e/b be/c� �/�b ��/v b�/b ��/r ��/b b b�/b ��/� b�/b r�/c
Zr-T-8 ��/c� b�/� ��/�� e�/�b b�/�� b�/b rv/r �c/� b�/� bc/b v�/� b�/b ��/c

Number of cations on the basis of the 22 O 
Sample Si Ti Al +4 Al Z Al Y B Fe Mn Mg Ca Na OH 
Zr-T-1 ��/� be/b b�/b r c�/b c ��/� b ev/� b�/b ��/b �v/c
Zr-T-2 �c/� b�/b br/b r c�/b c ��/� b e�/� be/b ��/b e
Zr-T-3 ��/� be/b bv/b r c�/b c ��/� b�/b cr/� b�/b �r/b ��/c
Zr-T-4 �/� b�/b b�/b r ce/b c ��/� b�/b c�/� b�/b �r/b e
Zr-T-5 v�/� be/b �/b r ce/b c �e/b b�/b ��/� bv/b re/b �v/c
Zr-T-6 �c/� b�/b b�/b r �r/b c vc/b b ��/� b�/b r�/b ��/c
Zr-T-7 ��/� b�/b be/b r bv/b c ��/� b�/b re/� ��/b rc/b �r/c
Zr-T-8 ��/� �c/b bc/b r b c �c/� b r�/� ��/b r/b ��/c

������ ��@�!�C 
���:4��� FS�+ �0 �
�!J ��!4�4 �61�*$0 �
�!��0 �C	�!->

 ���� #�� �� �4* @!%!	 �:4* ��*� =�� ���4��� .�:4��/-
�'+ #�R�* =�>]ce[W:� ="�:4 ���:0 �:0 �:4* ��*� 5�)�

  
"$(��::0 ��::
�!J$(��0 L��::+�n$::� "* �C)::!/ �::0  !��$::0 
��� �=�!	�$J ���4��� �/ 6!� �$/ 5�)	* � =* �� �'
� �>�$+ ."*

!t� @
 �� �"��!	 L!()1 �0 �R�<p�"*$> �\����':>]c�[
I.� �� �"��!	��=�:� �" �$:0 ':�*$1 �/�:./ V.:0*� �:
" =�:>

V.0*�  
* �0 �$+ L!()1�|
� �>=��I.� =6���/ �4* .
�� �{� �/ '4� ���� �0 ��0* p
*�+ �� �
�!J 
V=$8 

�/�./  >< '!�0��'!> � �'+ �+mC� �
" V.0*� )�:!CA$� (�
��R
* @
�$;�$4 '!4* �
��� ���0�4* ��:

FeS2 + 3H2O + 2H2CO3 + 15/2O2 = FeOOH +  
�
�!J 
4H2SO4 + 2CO2

�!CA$� 
��0* 5�" V�/  
�1Q�/ �� :
)�W:� =�>'!;�$:4 )�:R.
* ��

�
�!J$(��0 (�� L
'U1 W� G�;�$4 �/ 6!� '�$+]cr[:
CuFeS2 + 4O2 = FeSO4 + CuSO4

�
�!J$(��0 
gQ�-CX* ��+��	 �'+ ��R
* ='!4* p
*�+ �� �"* G�;�:	 

3.4=�> ��);)1<���$� �;�	 � �4* �C	�� #�R�* 6!� ��I.� 
�"�4 @
 5*$.& �/ "�!�=���:�< �"��:!	 =�*':
�J =*�:/ =��!./ 

�4* �'+.

2- leaching 

Ca5 (PO4)3OH + 5H2SO4 + 9/2O2 =
�!1�J< L!�0��'!> 

5CaSO4.2H2O + 3H3PO4-

W[
K 
�
�$(�:� =�:!� L(:+ ='!4* p!t�  !.9 ��)�!:4�4(�

�!�$�< � �!.!�$A�0 )��* �� V.0*� ���:4��� � 6!���':!> =�:>
 �C	�)!J @!%
K�* (G�[4'%	 T�S �/ �:/ ��m:& ��4* L-Ct� �>

 ���0  
* �� j$	 =�> V.0*� �` '.�*$1 � @!%!	 ���4��� =�>
 ���� �� V!J "* �0 @!%
K�<��*� \�'.+�/ �'+ Y>*�	 �'�* :

3KAlSi3O8+2H+= KAl3SiO10 (OH)2 + 6SiO2 + 2K+

�
�$(�� "m0$1�* 
2KAl3Si3O10(OH)2 + 3H2O + 2H+ =
�
�$(�� 

3Al2Si2O5(OH)4 + 2K+

�!.!�$A�0 
3Al2Si2O5(OH)4 + 4SO4

-2 + 6H+ + 2K+ =
�!.!�$A�0 

2KAl3(SO4)2(OH)6 + 6SiO2 + 3H2O
�!�$�< 

SiO2f�/!"* �'��- V.0*� Q�/ �� ��� =�!� L(+ �� '�*$1 =�:>
'.0 �0�+ ��!%!4.

�:!�$�< �:/ �"��:!	 �:>*�-> �:/ �:8$1 �/ �" �$:0 ��]�e[
�!�$�< T�S �/ �"��!	 V
*'!J�/�./ �:� ���.):!J �
" V.0*� -

�$::+]c�[.::
* �::/ � W::� G�;�$::4 V.::0*� "* �::0 G�$::H  
�	'!4*�� L!()1 �"��!	 �!�$�< �/ @
�;�$+:

2KAl3(SO4 )(OH)6 + 4H3 PO4 + CuSO4 + 8K+ =
�!�$�< 
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_$C/��1�$J 5*�
* �4�.+ ���0 � �4�.+�$%/ �%R� ��

CuAl6(PO4)4 (OH)8 .4H2O + 5K2SO4 + 8H+

W!A$0�$1 
�� �R.
* �� �.!)��8 �/ *� �!�$�< N!0�1 5*$1)Fe3+(=�:8 �/

)Al+3 ( �!:::::4��*K N:::::If �:::::/ L:::::
�-C� �:::::.E
 
(KFe)3(SO4)2(OH)6�"��!	 *�
" �	�� �{� �� �:�I.� =�:>

 '.C�>  >< �0'�* =��X)_�'8�.(Y!4�CJ G�;�$4 �
��� ��
 �0�:+ �!:4��*K L!():1 ��  >< =�>'!�0��'!> �/ LH�X

��'.0 .�C):!/ �� �|
� =m8 � �
�.X 3�� �/ �!4��*K �*'S�
�� �>*�-> *� �"��!	 ��*$�'.0 .

2K2SO4+ 3FeOOH+3H+ = KFe3(SO4)2 (OH)6 +3K+

�!4��*K �!CA$� 
�k�� �*'S� =*�/ �� ���0  
* =* �:0 ��0 ���.)!J  !.9 5*$1

 � ='!4* p!t� �� �'+ �*"< �;�	 T�S �/ �4*  (-� �"��!	
 Y!.!�$�< "* �.D _�!4 �
 �
�!��0 "�	 �$zX �/ �!�$�< "* L�C��

�� ���k��!� L(+ �
" V.0*� �/�I� �>]c�[:
6Al (OH)3 + 4H3PO4 + CuSO4 = CuAl6(PO4)4
Y!.!�$�< "* �.D "�	 W!A$0�$1 
(OH)8 .4H2O + H2SO4 + H2O

F30��) 
7�::!-0 ��*$::� "* �" �$::0 �� �"��::!	 �  !��::��$1 #*$::1 �*'::S�

���::0 V
*'::!J�::4�> .�::�I.�  ::
* ��=�::�$� �� �::+$[-> 
�4* ��*� \� ���4������ ���:0 ��  
* V
*'!J 5< '.
<�/ �0 

�4* p!t� @
)L(+r.(
u�* :61�*$0 ���4���2�!4�425*$:.& �:/ �:0 @!%!	 �
 �
�!J
�.�J=�4* �C+*� �$8� ��I.� �%H* ���4��� .=������� �:/ 

�'+ _�-&* ��$���� ��,C4�S "*�/�%!4�=��$:1 =?$:;� =�:>
  !����$1 �'
'J �/ �R.� �':+ @:!%!	 ���:4��� �:.�J �:/ �
*"

�4* ."�	 @
 �0  !����$1 �*'S���+�4 �� ��4* Y!.!�$�< "* -
	�)!J @!%
K�< ���4��� �&$� FS�+ '�*$1'+�/ 6!� �C .

7:��:!�$�< �
�:!��0 FS�:+ �:/ �C	�):!J @:!%
K�< ���4���
 �!.!�$A�0 ��
$(�� �61�*$0 ��!4��*K ��"��!	 .���+=�> ��$:� 

��0* ��,C4�S "* ���4���  
*V
W:� =�>'!;�$:4 � �:
�!J 
��$/ �:.�J �:/ ='!:4* ��:)���	 p!t� @
 ��R
* �/ �0 '�*=

�"�4 �%Uf @!%!	 �:!	 L!()1 =�> �"�)Al2O3, P2O5, CuO (
���0 Y>*�	 *�'�* .

(�+'E��*�  !,��!� P
�C� =�>�
+"*��J6��"��!	 =��I.� =5< ��$!1�0 �U4�t� � �" �$0 .
Oxide% Tu-1 Tu-2 Tu-3 Tu-4 Tu-5 Tu-6 Tu-7 

P2O5 c�/cc eb/ce ��/cc c�/cc ��/cc c�/cc cb/cc
SiO2 br/b b�/b br/b b�/b b�/b br/b b�/b
Al2O3 ��/cr �b/c� �b/cr ve/cr ��/cr ��/cr �b/cr
Fe2O3 ��/c bc/e r�/c re/c �v/c rr/c b�/e
CuO cb/v �e/v ��/v r�/� vc/� ce/v ��/v
ZnO �b/b ec/b ev/b �b/b e�/b ��/b e�/b
CaO bc/b b�/b br/b be/b bc/b br/b b�/b
K2O br/b b�/b br/b br/b b�/b b�/b br/b
BaO b�/b bb/b b�/b bb/b b�/b b�/b b�/b
Na2O bb/b bb/b b�/b b�/b bb/b b�/b bb/b
K2O br/b b�/b br/b br/b b�/b b�/b br/b

H2O+ �c/�r cb/�r ��/�r �b/�� e�/�� �v/�r ��/�r
F br/b b�/b br/b b�/b br/b br/b br/b
Cl b�/b bc/b bc/b bc/b b�/b b�/b bc/b

O=F cr/b c�/b cr/b c�/b c�/b c�/b e�/b
O=Cl bb/b bb/b b�/b bb/b b�/b b�/b b�/b
Total b�/�bb b�/�bb �r/�bb ��/�bb b�/�bb ��/�bb ��/�bb

Number of cations on the basis of the 12 O 
P r�/c ��/c �v/c ��/c ��/c r�/c ��/c
Si b�/b b�/b b�/b b�/b b�/b b�/b b�/b
Al ��/� ��/� ��/� ��/� ��/� ��/� �e/�
Fe ev/b e�/b ev/b ev/b ev/b ev/b e�/b
Cu v�/b v�/b �e/b v�/b vv/b v�/b v�/b
Zn br/b b�/b b�/b br/b b�/b br/b b�/b
Ca b�/b b�/b b�/b b�/b b�/b b�/b b�/b
K b�/b b�/b b�/b b�/b b�/b b�/b b�/b
F ec/b ec/b ec/b ec/b ec/b ec/b ec/b
Cl b�/b b�/b b�/b b�/b b�/b b�/b b�/b
OH �b/�� ��/�� ��/�� ��/�r r�/�r ��/�� ��/��
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'%8�����-+ ������/ ����  !����$1 �C	�!->2�4��� 5�" �� �"��!	 �����0 �@!%!	 ��. . .�c

B�0 &

G
453H !����$1 V
*'!J =*�/ =���.)!J ��$� ��` _'�2�" �$0 �"��!	 .u�* .=�8 ��$1 =�!�=@!%!	 ���4��� =�!� L(+ � �" �$0 =?$;� �/

*�	 _�U��
)1< '.��);�25�/6!� �(!C4m0��!J)61�*$0 +�!4�4 +���0 ='!;�$:4 =�> .(7.#$:R> ���:+ �:>="* �:.D ��$:���� � �
�:-��� B�
��+��	Al !����$1 �
��� �� ��
*") !����$1 +61�*$0 .(�.�>'!;�$4 N
��1�/4�!�%=7<��0* p!:t� ��:R
* �=$:8 =�> :
)��='!:4* �
��+��	���+ �>�
��� �� ��"��!	 L!()1 .


�0��+I 
'.�
$���:
�-X "* �:����  
* �:C!-0 ���:� =�:>=�):>�|J 

 
* 5'��4� #�R�* �/ �� "*�!+ ��,)�*�V>�|J�� �()1 '.0 .

�J'0� 
]�[# ��*" ���.n 5�
�;E8 �.�"$��(�� @!C�K��CJ =��C/*�f 2

�" �$0 @!�$1$%J 2�!X�� �� ��K$��C� �/ 5< o�U1�* � ���1"�%R� �
5*��1 ��,)�*� #$%&�b)�) (�crv (��2cc.

]�[j ���/�f.# �.
'/�& �f$�� �.O �	�E��$J �.#.�"3.4
 �
�-��� �*$� =?$;� =�> ��$1 6�K��CJ � �4�.+ ���0 ��4�.+

���1 25�^�*� 7$.8 ��  
�!+ ��9"#$%& �'()�*� �
�)� �
� !�"�b)�cve(�c2�bb .

[3] Huber, Sctoclin, "Geological report on the 
Toroud-Moaleman area", N. I. O. C. (1959) 
[4] Helmahacker R., “Die nutzbaren tagerstatten 
Persians”, Z. Parket, Geology (1898)  40.  

]�[n 5�
�;E8.�"@!�$1$%J$��(�� O$f �(
K$���CJ �4��/
�" �$0 �C+� 2� lf*� �C�/*� �
*" ���0 =�>  -R�* � ���1 �

���1 �)�� M$���9)5�.-4 5�C4*"(� !��� GQ��� �&$-R� 
5*�
* �4�.+  !�" V
�->)���� (��� 2��� .

]�[# 5*��R� .�"$D�/ �"��!	 �����0 6�K � �-!+$AK �E��I�
)5�^�*�"(��')� �)C.� �"*�!+ ��,)�*� '+�* �4�.+��0 ���4� 
)����(���.
]�[��+ ='-X* *.�"�4�.+ ���0 �E��I� � 5$!4*�C�<

 $D�/ ��I.� =m` �
�!-!+$AK$C!�)5�^�*� �" �$0"(���4� �
��C)�/ '!�+ ��,)�*� '+�* �4�.+��0)�c�r (�bb.

]v[w �.!�*.5 �*|�'!+� �.# ��*"  �$� �.�"=m` �4��/
�" �$0 �!X�� =���1*$0 G�/$4� �� =�4mJ 25�^�*�"��%R� 

5��;H* ��,)�*� �)>�|J)�
�J #$%&(�)�c�� (�Y>�6!4 �%R�
 ���-+���c2�r.

]�[O �f�!�.� ��!+ �.�# 5*��R� .�"�����0 �).� � ��-!+$AK
 $D�/ �"��!	 )5�^�*�("5*��1 ��,)�*� �)>�|J �%R� ��

)�c�v (�cc2�e� .
]�b[j ���/�f .�� �-4�f .�"61�*$0 ��� �-!+$AK 2��  !����$1

 _�-+ �5�^�� �$D�/ ='!A$C!�*�� ��$15*�
* ���S"����.%a	 
_�4 � !�" #$%&�v���-+ ����)�cvv (v�2�r.

]��[\ �%!%S .�# ��*" �(� .n.�"5'E� ��  !����$1 �*'S�
m` 2�" �$0 W�)$D�/ (5�.-4 7$.8"�_�4 �=K$���CJ �%R� 

���-+ �#$4��)�c�� (��2�b.
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_$C/��1�$J 5*�
* �4�.+ ���0 � �4�.+�$%/ �%R� �e

]��[y 5�!A���.���� �# 5�!A.# ��*" �(� �.n.�".+  !�" �4�
 ��/< �%& W
'�* �� �"��!	 �).� �)�;1 2�6
("�)>�|J �%R� �

5��;H* ��,)�*� �)�cv� (�e�2��v .
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