
F and Cl in biotites from Zahedan granitic rocks 

M. Boomeri, G. R. lashkaripour, M. N. Gorgij  

Sistan and Baluchestan University, Zahedan, Iran Department of geology, 
E-mail:Boomeri@hamoon.usb.ac.ir 

 

Abstract: The Late-Eocene, Early-Oligocene Zahedan granitic rocks are 
intruded the felysch zone of the east Iran. They are mainly granodiorite, I-
type and calc-alkaline. F and Cl contents in biotite from the Zahedan granitic 
rocks range from 0. 1 to 0.66 and 0.01 to 0.09 wt. %, respectively.  F 
contents in the biotites are negatively correlated with XTi and Cl contents and 
positively are correlated with XSi and Mg/(Mg + Fe). Values of the 
calculated log(ƒH2O/ƒHF) and log(ƒH2O/ƒHCl) of fluid in equilibrium with 
the chemical composition of biotite range from 3.98 to 4.90 and 1.41 to 2.63, 
respectively.  The contour lines representing these values are different with 
slope of trend of biotite composition suggesting, the fluid composition also 
play some role in incorporation of F in biotite in addition to the chemical 
structure of biotite. IV (F) for biotites in the Zahedan granitic rocks is similar 
to those of igneous rocks and porphyry Cu ore deposits and IV (Cl) of 
biotites in the Zahedan granitic rocks is similar to those of hydrothermal and 
ore forming systems and those of granitic rocks.  Based on the IV (Cl), 
biotites from the Zahedan granitic rocks tend to be more Cl rich than 
comparable values from biotites in other granitic rocks and less Cl rich than 
those of porphyry Cu ore deposits. Calculated IV (F/Cl) of biotites from the 
Zahedan granitic rocks is more similar to ore-forming systems such as 
porphyry Cu ore deposits. Therefore, the chemical composition of biotites 
from the Zahedan granitic rocks was interacted with hydrothermal solutions. 
 
Keywords: Zahedan granite, Biotite, F and Cl, ƒH2O/ƒHF, ƒH2O/ƒHCl, 
IV(F), IV (Cl). 
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FeO @?/<l @</L< l@/L< I?/L< Kl/<I �</<l I</<@ J@/<I <�/LL 

MnO L?/> K@/> J@/> KJ/> KL/> �I/> �</> J>/> K�/>
MgO K</<L L>/<> <I/<> I@/@ >�/<L J?/<J �@/@ >>/<< Kl/@
Na2O >l/> >l/> <�/> <L/> <>/> <L/> >�/> >�/> >?/>
K2O I?/@ KK/@ ��/@ �l/@ ?K/@ ��/@ lJ/@ lL/@ �I/@
F ??/> ?J/> ?</> ?J/> [/b <?/> <l/> J�/> KJ/>
Cl >J/> >l/> >l/> >l/> >�/> >@/> >K/> >L/> ></>
H2O l>/J �@/J �@/J �I/J >L/K @L/J @�/J I�/J ?@/J

Total �I/<>< I@/<>> ?�/<>> �@/<>> �?/<>< @�/<>> @l/<>< <J/<>< �L/<>>
��&� �� �� �����> 	��;��??(O) ��� )�1 .&����.

Si ?@/� l>/� ?@/� lL/� ?</� ?@/� ?J/� lJ/� ?l/�
AlIV J</L J>/L J</L LI/L J@/L J</L Jl/L Ll/L JJ/L
AlVI J�/> <K/> <</> <@/> LJ/> <I/> �@/> �l/> LI/>
Ti K>/> KI/> �>/> K?/> K?/> J@/> JI/> JJ/> KL/>
Fe LK/L I</L I>/L IL/L L@/L <@/L K?/L L@/L I�/L
Mn >J/> >?/> >�/> >?/> >�/> >l/> >?/> >K/> >?/>
Mg l?/L JJ/L JJ/L Ll/L ?l/L @l/L <L/L KK/L <l/L
Na >L/> >L/> >K/> >K/> >J/> >J/> ></> >L/> >L/>
K II/< I�/< Il/< II/< IJ/< IL/< IK/< I�/< II/<
F J</> J>/> J>/> J</> >�/> >I/> >I/> <l/> L</>
Cl ></> >L/> >L/> >L/> ></> >L/> ></> >>/> >>/>
OH ?I/J ?I/J ?@/J ?l/J @\/J @>/J @</J IJ/J l@/J

XSid
ze/b za/b zz/b z\/b ze/b zb/b a_/b aa/b az/b

XAn
ze/b a^/b ac/b a^/b z^/b z_/b za/b z�/b z�/b

Log(XF/XOH) >l/<( >I/<( <>/<( >I/<( _z/[( l</<( l>/<( J?/<( L?/<(
Log(XCl/XOH) ?@/L( JL/L( J</L( J>/L( K@/L( L?/L( �I/L( I@/L( L</J(
Log(ƒH2O/ƒHF) >?/K @@/J ></K @I/J _b/\ l�/K ��/K L@/K <J/K
Log(ƒH2O/ƒHCl) @L/< ?@/< ?l/< ?I/< lJ/< K</< @@/< L>/L ?J/L
IV(F) @?/< I@/< @</< II/< cb/z ?�/L K�/L <@/L >J/L
IV(Cl) LK/J( K?/J( KI/J( Kl/J( KL/J( lK/J( <?/J( @�/L( �L/L(
IV(F/Cl) <@/� J�/� JI/� JK/� LL/e JI/? ?</� <J/� ��/K
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���
� �,�! #
��� �#
	�� I?
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3'1A,��8	XMg ������-�,�. �� C��	��5 P��8	 ,�K �9��� #�
� "�� #�������
� #�� �����
.
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Si
pe

r
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a
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M
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)
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0
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F per formula unit

C
l(

at
om

pe
r

fo
rm

ul
a)

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

18
 ]

 

                             9 / 17

http://ijcm.ir/article-1-728-fa.html


F�Cl �9��� ,� "�� ,� ��:�	 #�� #��... Il

3�1B����DE� #��F�Cl�� )Mg/(Mg + Fe,XSi �XTi  �9��� ,� ��:�	"�� ������
� #��
�����
.

����� � C�� 
��- $���D	%�,��� ���-�: ,� �� ��5 
�+ w- � ���	 ��� �- $9������ #�E��	 � ���	 ��� P��

�	 �
�:� ����U9 t-�
� ,��}���� $������+ �9 ���*�%�� �-� ,� ����%  %
� #�� $� �, ��
C��% $D��H	 
-
 t���, $����][:[

Mica(OH) + HX = Mica(X) + H2O

(X)��E��}���� #��F�- Cl �� .F��U9  ��i 
� 
������5 C-
��� C�-,��� |�� *�%�� :

log K = log (aX/aOH) + log(aH2O/aHX) 

a(X) �a(OH) �	�: F��H	 #
� ,� ��:�	 P��%�,��� � �}���� n�V:�  ���U+ 1�9
9 $� 
� �����	a(H2O) �a(HX)  ���U+ 1�9
9 $�H2OوHF�- HCl �- �E��	 ,� ��:�	����5 

 ������	 �� F��U�	 .w- �
+ �� 
� F5 ��-� M��d	H2O�HF�- HCl ���U+ ��, �� 
�	 ,� � ,�� ���% w- ,��+ ,� ���9#�	��
% P-�D9 $������+ $� |�� *�%�� ����U9 ]<[.

F��U9  ��i ���xE�V�� #�
� $���D	F = OH $� �T���	  ���+�,����  ��5 � �!����+,� 
 �� ��� ��U9 ��
q9 ,�&]L�L�[.�	
� 
i� ��-� �-
& 
� F��U9  ��i #�, �-��E�� 1�%
9
 �� $D��H	 P��k �� *-�	
5]<.[

��	VE� MS�O�(Mg, Fe
2+

)�(F, OH) 1�;
� � �9��� ��E� F��H	 w- ,� �,
$���D	 *�%���	 
-
 #��
% ��,
� ���9:

K2Mg6(Si6Al2O20)(OH)4+K2Fe6(Si6Al2O20)F4=
(OH-phlogopite) (F-annite) +

K2Mg6(Si6Al2O20) F4+K2Fe6(Si6Al2O20) OH)4
(F-phlogopite) + (OH-annite) 

�-�
����][[�log K = log Kph – log Kan = 1.107 

�-� 
� ��ST����� 
� ���0��� �� $���U	 ��,������� t-�
�  H9 ���	��-��	
9 � ��
q9 #��
 �� ��� PA�; 
-
:

logK = 2100/T + 1.523 XMg + 0.416Xan + 0.02Xsid =
log(ƒH2O/ƒHX) + log(XF/XOH)

 ���+�,��� ���	 *d�(Xsid) ��5 ���	 *d� �(Xan)���U	 
�  �9��� ,� ]P��k 
-
 
 �� $D��H	]ze:[

Xsid = (3-Si/Al)/1.75 * (1-XMg)
Xan = 1-(XMg+Xsid)
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���
� �,�! #
��� �#
	�� II

�� #�	� �
+ K<>>>  �9��� P���9 ������
  ����
� ,� ��:�	 #�� )#��	
� ���� ����-
,� 
 �9��� #�
�� ���
� ,� �]L>[(*�%�� 
� ���0��� �Q|���U	 #�� �|���log(ƒH2O/ƒHF)�

log(ƒH2O/ƒHCl) #�
� #�W����5  �9��� �� F��U�	 "�� #�� $D���H	 �����
 �����
� #��
������ .����� $D����H	 
-����8	log(ƒH2O/ƒHF) 
�@I/J���9 @>/K�log(ƒH2O/ƒHCl) 

�K</<�9?J/L
�B�	 ����  ��.,�P��� ��XMg )  ����	 *�d�  ��9��� ,�  ��!����+ (,�

P����8	log(XF/XOH)�log(XCl/XOH)����� C����
9 ����� .
-����8	log(ƒH2O/ƒHF) 
�log(ƒH2O/ƒHCl) ,� C� M�NO �� )�+ P��rd��	 ,��8	  ��� ���� .M��NO 1���

 
-��8	 ��� ���� ���� log(ƒH2O/ƒHF) �	 ���� �, $% ����%
9 
� PA�; ���, � ��9��� 1�� 
 �� Q��0�	 �E% .�	 �-�
���� ��O�� 
� ��ST $%  +
� $q��� ���9,1�%
9 � �9��� �-��E�� 

��-V�-���: ,� V���� �5 �-��E����F��O����,� , ���� $������ *��8�  ���9��� .�����xE� 
	
-��8log(ƒH2O/ƒHCl) ���� $� ]��� vNk Q��0�	 ���, �� ��  �9��� �-��E�� 1�%
9 ���� 
)P���.("��  �9��� ,� 
�% 
-��8	 vk�� ,� oS	��% ����, ������
 ������
� #�� ��� �9���0�	 


-��8	 log(ƒH2O/ƒHCl) )C�� #
���	 M��NO
,� P��� ,� �(����� $�� ���� ����-
,�]
��	��-��	
9 Q�D��H	��,�� .
�� $����; ,�  �9��� $E� w�- �� F��U9 ,� �����
  ���
� #��

����5 w- ,� ��	 P���9 �	� 
-��8	 ���, ����5 ���� ,�'��+ M��NO $����	 ���-�� V�� 
�% �
C�,��8	���� ���� Y
-��8	log(ƒH2O/ƒHF) �log(ƒH2O/ƒHCl)  �	��� .v�-
�9 �-�
����
���� P�� ,� ������� ���� Y1�%
9 ,� 
��B9 ����5 P���9 s���� �	� �-  ��� o|��EU	 $�% 

$� �T��9 ���� � 1�%
9 �-��E�����5�	 ����  D�� ��� .$������+ ��� ���� $D��H	 #��
 Q,�
; ,� $% �9�U��N	 ,� � $U��N	 �-� ,� y��d	 #��,�]<[��� s�q�����	 ���� $�% ����

 �S�O��	����; 
� 
�E% L>>�
% ����d� ��q-� �, �9�T��9 ���� ��
������ $:,� .
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F�Cl �9��� ,� "�� ,� ��:�	 #�� #��... I@

P���B9Q�
�� XMg ��XF/XOH �XCl/XOH "��  �9��� �����
 �����
� #�� .C�� M��NO ,���8	

-��8	 C�-,��� (ƒH2O/ƒHF) �(ƒH2O/ƒHCl)�	 *-�E� �, ��� $D��H	 ����.

�5	�/�)������� F�Cl�5]IV(F) �IV(Cl)[
:,� ���� #�
�]2���D�� ����F�- Cl �� ����	 w- ,� $��E% Q,��A 8���	 � �
� P��	� �

-��8	 �,��+!�������F�Cl �-IV(F)�IV(Cl)  ��
�% y-
U9 �, ���� ]<.[IV(Cl)�IV(F) 

� P8��	�	� #�
� �-�
���� � ���� �-�8	 ]������	 ,� �}����� 
-���8	 �-��E��� 1��%
9 ��� #

,���� Q��0�	��0	��]<.[IV(F) �IV(Cl)F�	
+ 
� 1�9
9 $� $D��H	 P��k 
-
 #�����:

IV(F)biotite=1.52XMg+0.42Xan+0.20Xsid-log (XF/XOH)
IV(Cl)biotite=-5.01-1.93XMg-log (XCl/XOH)

�� Q|��U	 $� $:�9����! �	  D��� $�%  ���� 
�-
 ~
�� $�� V��� �, #
��-� Q|��U	 ���9
 ,� �, �}���� $������+ $� u5 $������+����5 ��� �	 M�D9,� ���	 1�%
9 $�]<.[

Log(ƒH2O/ƒHF) = 2100/T+IV(F) 
log(ƒH2O/ƒHCl) = 5151/T+IV(Cl) 

IV(F)  �9��� #�
� "�� #�� F��: ,� �����
 �����
� #��LP�� ,� �? ��� ���� $'�,� .
IV(F)  �9��� #�
�  ��9��� $���	 ,�%�	 #�� � �-��E��	 #��� C�����  ��� #
��+
! #��� 

)F��:J.(
�� $�IV(F)  �9��� ,� "�� #��#�� �����
 �����
� 
���Y���� �, #
�U���
�	 � ���� �W�5 
� #���U9 IV(F) ��,�� #
9|�� .IV(F)  ��9��� ,� "��� #��� ������
� #���

 $� 
G%��; �����L�/L�	��, ]LK[,� ��:�	  �9��� ,� 
-��8	 �-� $����; ,� "��� #���
 $� �����
 �����
�?�/L�	 C� ���,)F��: J.( ���
�#�� ���5 ,�����. F�E�� ,� ������ 

3�� 
� � ��� vk�� ���O �����I�6��.(���4������� .o��D��  ���
� �-� ,�  �9��� 
� ��2 
 �� ,�'��+ ]LK.[IV(Cl) "��  �9��� $���	 �����
 �����
� #�� C���� ,� 
R�; #�� #��
�-�	
�  �� 
��,����% �)F��: J(����hE� �W�5 $� 
�� V��� �-�� ��� IV(Cl)  ��9��� #���

 �	 ���� �-�E��	���� .vk�� ,� IV(Cl) "��  �9��� ��-� $��  D��� ������
 ������
� #��
  �9��� ,� 
-��8	 � �-�E��	 #�� ��2 
�% 
� ��U- ����� �0�	 
���  �9��� $�  D�� �	� ��
9-

C���� ,� 
R�; #�� ��
9
�8+ 
�% 
� #
�+
! #�� .$� 
� �-�
���� IV(F) �% ���� ���� 
���
����Y:,� ]��,�'��+ 
-��8	 
� #
9|�� �D�� �
�$�
-��8	 IV(Cl)�0�	 ���� 
9 
� �%��; �
��2  �� 
�% 
� C���� w- ���� .�-� 
� ��ST� D�� IV(F) $� IV(Cl) #
��-� 
�	�,�! V�� 

 �9���,� ,�'��+ � 
�% ,��8	 ��,
� #�
���	 P��k 
-
 $���U	 �-
& 
� $%  � �� $D��H ]<[:

log(ƒHCl/ƒHF)=-3051/T+IV(F)-IV(Cl)=-3051/T+IV(F/Cl) 
IV(F/Cl)=3.45 XMg+0.41XAn+0.20XSid-log (XF/XCl)+5.01 
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���
� �,�! #
��� �#
	�� @>

0
1
2
3
4
5
6
7

1--2 2--3 3--4 4--5

-IV(Cl)

��
وا
��ا

0

2

4

6

8

0.5--1.5 1.5--2.5 2.5--3.5 3.5--4.5

IV(F)

��
وا
��ا

0

1

2

3

4

5

6

4-4.5 4.5-5 5-5.5 5.5-6 6-6.5 6.5-7
IV(F/Cl)

��
اوا
��

IV(F/Cl) �9��� #�
� ��� $D��H	 "�� #��F��: ,� �����
 �����
� #�� LP�� �l
 �� ��� ���� ���� .P�� ���xE� IP��8	 ,� �, 
-��8	 �-� IV(F)�	 ���� ���.

3'1D,���E� 
-��8	�������! 
-��8	 �0�	 � ,�'��+ �������! "���  ��9��� #�
� 
�% ������
� #���
�����
.


:��A
-��8	 $�-�8	 �kS9 PH	 Cl �F�F/Cl,�,� ��:�	  �9���  ���
�#���&��	 
-�� � �����
 .

$8N�	 IV(F)# IV(Cl) 0�	� IV(F/Cl)# v:
	 
�����  ���
���
-� <�9 L�/L K�9 l�/K �/��9 �/?

�-�E��	  �9��� �/<�9�/L J�9L�/K -
��-� ���� #
�+,�! Z	 l�/<�9L�/L K�9�/K -

Z	 
�-�#
�+,�! #�� �/<�9l�/L �/J�9� �/��9l�/?
�����9 � v�k #��,����. �/>�9L �/J�9L�/K �/K�9?
#
�+,�! ��D���	 ,����. L�/>�9< l�/J�9�/K K�9l�/�
�����
 �����
� #�W��� ?�/L�9II/< �L/L�9lK/J �L/K�9JI/? 
R�; $U��N	 
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F�Cl �9��� ,� "�� ,� ��:�	 #�� #��... @<

3'1 E�������! ����� ,���E� F/Cl "��  �9��� �����
 �����
� #��.

4

4,5

5

5,5

6

6,5

7
0123

IV (F)

IV
(F

/C
l)

������ن �����ي

������ ، !"

�# �����ي

3'1F
-��8	 �������! F/Cl"��  �9��������
 �����
� #�� .�
���#�� P��� ,� ���� rd�	 

� �����9� v�k � #
�+
! ��D���	 �#
�+
! Z	 #��,����% #�
�]<.[$��E�"�� #�� ������
� #���

 ,� �����

���Y#
�+
! Z	 v�k ��	 ,�
k 
����.

,��8	IV(F/Cl) o�E�8��	 ,��8	 $� ƒ(HCl)/ƒ(HF) 	D��H	 ��� �  �� tD9
]$� �5 
#�	� r�d�9 #�
� �5 
� ���0��� ��,��� �������  �9��� P��%�,��� ��- ,��8	 � P���9 

	  �9��� P���9 ������� �� 
i .$�
� IV(F/Cl) ,��8	 �� 
�E%F/Cl  �� 
���� .
IV(F/Cl)�� $D��H	 Y �9��� "�� #��C���� 
� �-�W�5 �� �����
 �����
� #���#�

C���� ��xE� 
��,����%� #
�+
! Z	 #�� �,�� ���hE� #�; �9 v�k )F��: J�P��
I(.�� $�0� $% $������}���� ��-V�-�: 
�� ��O�� $���� $� t8+ ��,F
��% �5 �-��E�� 

����DE� �-�� ���� F��  �9��� ,� XSi , Cl ,XMgoS	�% ���; ,� ���� �NO ,� $%
 ���
�  �9���#�� �� �9������ #�,�� ����DE� �-� �����
 .
� �,�	 ��� �- w- �-�
����

 �9��� �-� 1�%
9 #�,  �� ��E	 
-
 P	��T9 ��p
�i������ $����.
�- �E��	 1�%
9����5 ����% F�Dk #��
�+ 
�-� ,��; s�T �- ,��; � �9��� �� F��U�	 

�9 #�E��	 ���E��� � �9�!5 PG	  ���
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