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Abstract: Mineral chemistry of micas from the subduction-related mafic and felsic 
alkaline rocks of the Kaleybar alkali-gabbro and the Bozqush nepheline syenite was 
determined. The micas generally occur as large poikilitic grains with Fe-Ti oxides and 
mafic minerals and give the rocks a spotted texture. Micas in the alkali-gabbro 
sometimes display a distinct lamination. Based on the International Mineralogical 
Association (IMA) classification scheme, the mica compositions plot between the 
siderophyllite and eastonite end members and show high Fe/(Fe + Mg) ratio (>0.33); 
therefore they are biotites. Chemical composition of the biotites varies from Mg-biotite in 
the Kaleybar alkali-gabbro through Fe-biotite in the Bozqush nepheline syenite. Based on 
their FeO, MnO, MgO, TiO2, and AlVI content, they are primary magmatic biotites. 
Despite the alkaline affinity of the biotite host rocks, they plot in the calc-alkaline 
orogenic suite field on FeO*, MgO, and Al2O3 geochemical diagrams. 
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�0& �.2 �n&�& .�(#+(H A�H!(� F10 c�+# 4& �0��H ��+� ;�G
;�0 � I
� �Z8 F10 �B(2 X�0& �H �"(,8 3
�LD ;�G

�� A�%� &� �
�(,K��") q") � .1G� �
�(B(2 ;.1H]���
�5[�� _��[ �H ��H�  � �
�(,K ;��H�  b,B@ 4& Y(#�# �H �-
.1
D.

-	(%	. �
�	�	� ?	,�(�*
�H �(#+(HA&+1- ;�0 *�� +V- ���? 3(H .��@ E+,:� ;�G

�0& �<	�  �&�K ���O<0& ��+� �
���]�=[.;�G�/(�Fe-Mg 
AlSi3Z��2 �(�DKFe3AlSi3O10(OH)2�(6+ +,	 �

KMg3AlSi3O10(OH)2;�G�/(� �Fe-Mg-Al Al2Si2

�(,(	��.(0 Z��2KFe2Al[Al2Si2O10](OH)2�(�+<0& �
KMg2Al[Al2Si2O10](OH)2;�V-& .1<�G �h� ��+� �
��� .

`n�K � ��	& �1(%��@ ;�G�+:� _+? ��? �� �
��� ;�V-& 3
&
 E��"# Z��2 Y(#�# �H Mg-FeE��"# �(Mg, Fe) Si=VIAl 

IVAl)����? �1(%��@ (.1)�"#�& �� `G �H)Z/2=.(��
E�.@ ;�G5�=�l��+# ;�G�/(� 4& ��'� ;�G!(���D �
�<� -
;�G�0& �.2 �n&�& �0��H ��+� 3
�LD .�H ��+(#�8 �
����

 X�0&55�G�/(� �,8 E+��	 �H �1H � �.2 �"0�:� AI(�8& 
)I M2-3 1-0 T4 O10 A2(AD ;��<i�0 E+��	 �.2 ��%� �G

 �
���� !(� �Fe2+�Fe3+P�� �H ]�l[.�.2 �"0�:�.
Z/2 4& �/��1? �0��H ��+� ;��<(#+(H Y(8�#)=(

0&.(6 �.(%8 �(�+<0& � �(,(	��.(0 Y9K �� �B0 �H �
�&.�� X�0& �H � �.2Fe/(Fe+Mg))<==/\(�(6+ +,	 4& �G

�� J(/O#.�+2 .�� A�%� �&�+B� 3
& 3(1jBG 4& �8 .G�
�(#+(H ��(,(	��.(0 ;&+<:� r�:� r�:� 4& � P+K!H ;�G

�(#+(H ��(�+<0& ;&+<:��1U ;&�&� �"(,8 ;�G � .2
<�G �W�%�J(/O# ZH�K `G 4& Y(#�# 3
.H � .1.�&.

� �C�(#+(H Y(8�# �&�+B� �� �0��H ��+� ;�GAl ZH��� �� Fe/(Fe+Mg)]�=�5o[.�� A�%� &� ���+i �+2�G �([�� �1(
�6 �
+W#.G�.
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.,@�|���B2 �=!(
�6 ��=uu �(#+(H ���8 �B(2��+# �� ;�G. . .w��

$��<B�� �8 P+K!H �(1(0 3(,O� �(#+(H 4& �24&��6 !
� �
!p# �
�<�IMPRC�D �.2 !(��.�& .
Sample BKLMM BNLMM BOLMM BMLMM BPLMM

SiO2 �t/=l �x/wz x�/wz ��/wz w�/wz 
TiO2 y�/� x�/y y�/� ��/� yz/�
Al2O3 ��/�w �z/�w �x/�w �w/�w ��/�w 
Cr2O3 n.d. n.d. n.d. n.d. n.d.
FeO* x�/�� ��/�x x�/�� xx/�� z�/�x 
MnO ��/x ��/x z�/x zw/x z�/x
MgO �y/� �w/�x ��/�x xx/�x x�/�x 
BaO n.a. n.a. n.a. n.a. n.a. 
CaO xx/x xx/x xx/x xx/x xx/x
Na2O wy/x zz/x w�/x z�/x z�/x
K2O yx/�x zx/�x �x/�x ��/�x ��/�x 

F n.a. n.a. n.a. n.a. n.a. 
Cl n.a. n.a. n.a. n.a. n.a. 

Total ��/�y yx/�y y�/�y ��/�y �z/�y 

T site 
Si z�z/� zxz/� zxw/� z�z/� z��/�

AlIV �z�/� ���/� �yz/� ��y/� �x�/�
Fe3+ IV xwz/x xw�/x xww/x xxx/x xxx/x

M site 
AlVI xxx/x xxx/x xxx/x xz�/x ���/x
Ti y��/x ��z/x y�x/x y��/x y��/x

Fe3+ VI �y�/x ��w/x �wy/x yzw/x y��/x
Fe2+ �yy/� ���/� �w�/� ��x/� ���/�
Cr xxx/x xxx/x xxx/x xxx/x xxx/x
Mn x�w/x x�w/x xyw/x x��/x xy�/x
Mg w��/� ���/� z��/� w�w/� zx�/�

I site 
Ca xxx/x xxx/x xxx/x xxx/x xxx/x
Na ���/x �wz/x x��/x �z�/x ���/x
K �zy/� ���/� ��x/� �z�/� ���/�
Ba xxx/x xxx/x xxx/x xxx/x xxx/x

A site 
OH x��/z �xz/z x�z/z ���/z ��w/z
F x��/x x��/x xx�/x xxz/x xx�/x
Cl x�z/x xx�/x xxz/x xx�/x xx�/x

Cations x�y/�y xy�/�y ���/�y �xw/�y ���/�y 
AlVI/AlIV xx/x xx/x xx/x x�/x x�/x

Mg# z�/x z�/x z�/x zy/x z�/x
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�;�($���@ ��	�2& �H�& �Y���G �;���- A&�
& �0�12 ���8 � �0�12�+,H �,p� w��

 $��<C��H�  �(#+(H 4& ��'� �24&��6 !
� b
!p# �
�<�;�
�(,K �� �8 �"(,8 GFZ�.2 !(���D .�&.
Sample K:LBQ KBLBQ KCLBQ KRLBQ KSLBQ KTLBQ KULBQ KVLBQ KWLBQ

SiO2 z�/w� ��/wy y�/wy ��/wy �y/w� �w/wy �y/wy w�/wy zz/wy 
TiO2 ��/w x�/z ��/z yz/z ��/� �z/� wy/� �y/� yz/�
Al2O3 �x/�y �w/�y x�/�y ��/�� �z/�y ��/�� y�/�� ��/�� xy/�y 
Cr2O3 x�/x x�/x n.d. x�/x n.d. n.d. x�/x x�/x n.d.
FeO* w�/�� �y/�z yw/�z y�/�z w�/�w ��/�w yx/�z �w/�z ��/�z 
MnO w�/x wx/x �z/x ��/x �x/x ��/x ��/x �w/x ��/x
MgO ��/�z �z/�z ��/�z ��/�z zy/�z zw/�z w�/�z wx/�z ��/�w 
BaO �x/x ��/x ��/x �z/x �w/x ��/x ��/x ��/x ��/x
CaO ��/x x�/x x�/x xz/x x�/x xw/x x�/x n.d. n.d.
Na2O �y/x �y/x x�/x zw/x ��/x ��/x x�/x �z/x �w/x
K2O ��/� w�/� z�/� ��/� yz/� �z/� y�/� w�/� ��/�

F xw/x x�/x �x/x x�/x �x/x �x/x ��/x ��/x ��/x
Cl �x/x �x/x ��/x �x/x ��/x �z/x �x/x ��/x �x/x

Total w�/�� ��/�y y�/�y ��/�y x�/�y ��/�� �z/�y �z/�y y�/�y 
T site 

Si w��/� zy�/� z��/� zzx/� zww/� z��/� ��z/� ���/� ���/�
AlIV yzw/� �w�/� �x�/� �yx/� �y�/� �x�/� z�y/� z�w/� z�w/�

Fe3+ IV xxx/x xxx/x xxx/x xxx/x xxx/x xxx/x xxx/x xxx/x xxx/x
M site 

AlVI ��x/x ww�/x w��/x ���/x w��/x w��/x ��y/x ���/x w�x/x
Ti zxy/x z��/x z��/x ���/x y��/x y�w/x yx�/x ywz/x yz�/x

Fe3+ VI �y�/x ��z/x ���/x ���/x xyz/� ��z/x �z�/x ���/x ���/x
Fe2+ �y�/x xw�/� x��/� ���/x yw�/x �yy/x �xx/x ��x/x �x�/x
Cr xx�/x xx�/x xxx/x xx�/x xxx/x xxx/x xx�/x xx�/x xxx/x
Mn xzx/x xw�/x xwx/x xwy/x x�y/x x��/x x��/x xwx/x x��/x
Mg w�z/w ww�/w wzy/w w��/w ���/w �w�/w �w�/w �wz/w ���/w

I site 
Ca xw�/x x��/x x�w/x xxy/x xx�/x xx�/x xx�/x xxx/x xxx/x
Na xz�/x xz�/x x�y/x ���/x xw�/x xyz/x x�w/x xz�/x xw�/x
K y��/� �x�/� ��z/� �z�/� �y�/� �w�/� ���/� �x�/� �z�/�
Ba xxy/x xxy/x xxy/x xx�/x xx�/x x��/x x�x/x x�w/x x��/x

A site 
OH ���/w ���/w ���/w xx�/z x�y/z ��x/w ���/w ��x/w x�w/z
F x�z/x xw�/x xz�/x xw�/x xz�/x x��/x x�y/x x��/x x�w/x
Cl x�y/x x�y/x xwx/x x�y/x x��/x xwy/x x�y/x x��/x x�y/x

Cations �yw/�� �yz/�� ���/�� ��x/�� ��y/�� ���/�� ���/�� �y�/�� ���/�� 
AlVI/AlIV ��/x �w/x �w/x ��/x �w/x �w/x ��/x ��/x ��/x

Mg# yw/x y�/x y�/x yz/x yy/x y�/x yz/x yz/x yz/x
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.,@�|���B2 �=!(
�6 ��=uu �(#+(H ���8 �B(2��+# �� ;�G. . .w��

$��<R�� �8 P+K!H �(1(0 3(,O� �(#+(H 4& ��'� �24&��6 !
� b
!p# �
�<� KU�0& �.2 *�p�& .
Sample B44-1 B44-2 B44-3 B44-4 B44-5 B44-6 B44-7 B44-8 B44-9 B44-10 

SiO2 z�/wy x�/wy ��/w� ��/wy wy/w� ��/wy ��/wy wx/wy y�/w� �x/wy 
TiO2 ��/� ��/� yy/� ��/� �z/� �x/� �x/� xw/y ��/� z�/�
Al2O3 ��/�z zx/�z yw/�z ��/�z z�/�z �x/�z wz/�z w�/�z w�/�z �x/�z 
Cr2O3 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
FeO* ��/�� w�/�� ��/�� �x/�� ��/�� w�/�� w�/�� z�/�� zx/�� �x/�� 
MnO ��/x �y/x ��/x ��/x ��/x z�/x zy/x ��/x ��/x ��/x
MgO �w/� ��/� ��/� yx/� y�/� xx/�x ��/� ��/� w�/� ��/�
BaO n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 
CaO xx/x x�/x xx/x x�/x xx/x xx/x xx/x xx/x x�/x x�/x
Na2O zw/x z�/x z�/x w�/x zy/x zx/x zw/x w�/x w�/x z�/x
K2O z�/� wy/� zz/� z�/� w�/� zz/� z�/� z�/� ��/� ��/�

F n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 
Cl n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 

Total ��/�� x�/�� �z/�� �w/�� ��/�� ��/�� xy/�� z�/�� �z/�� x�/�� 
T site 

Si yw�/� �yw/� �w�/� ���/� ���/� ��w/� ��y/� ��w/� �z�/� ��z/�
AlIV wy�/� zw�/� zy�/� z��/� zx�/� z��/� zxz/� zx�/� z��/� zxy/�

Fe3+ IV xxx/x xxx/x xxx/x xxx/x xxx/x xxx/x xxx/x xxx/x xxx/x xxx/x
M site 

AlVI ��y/x ���/x ���/x ���/x ��x/x �x�/x �x�/x ���/x ���/x ���/x
Ti y��/x y�z/x y��/x y��/x yy�/x y�w/x y�y/x y��/x y�w/x yw�/x

Fe3+ VI ���/x xx�/� ���/x �yy/x ��w/x �y�/x �z�/x ���/x �w�/x �xx/x
Fe2+ �y�/� �w�/� ���/� ���/� �x�/� ���/� ���/� ��y/� ��y/� x��/�
Cr xxx/x xxx/x xxx/x xxx/x xxx/x xxx/x xxx/x xxx/x xxx/x xxx/x
Mn xy�/x x�w/x x��/x xy�/x x�z/x xy�/x xyx/x xy�/x x�y/x x��/x
Mg 5uo/5 ���/� �x�/� ��w/� �x�/� wxx/� ��z/� ��y/� ���/� �xy/�

I site 
Ca xxx/x xx�/x xxx/x xx�/x xxx/x xxx/x xxx/x xxx/x xxw/x xx�/x
Na ���/x ��w/x ��y/x ��z/x �w�/x ��x/x ���/x ���/x ���/x ��y/x
K �y�/� �zz/� �y�/� ��y/� �z�/� ���/� �yz/� �y�/� �x�/� ���/�
Ba xxx/x xxx/x xxx/x xxx/x xxx/x xxx/x xxx/x xxx/x xxx/x xxx/x

A site 
OH ���/z �xz/z x��/z �x�/z �x�/z ��x/z �x�/z ��z/z �xw/z �x�/z
F xxx/x xxx/x xxx/x xxx/x xxx/x xxx/x xxx/x xxx/x xxx/x xxx/x
Cl xxx/x xxx/x xxx/x xxx/x xxx/x xxx/x xxx/x xxx/x xxx/x xxx/x

Cations xxx/�y �z�/�� ���/�� ���/�� ���/�� ���/�� ��w/�� ���/�� ���/�� x��/�y 
AlVI/AlIV �x/x x�/x x�/x x�/x x�/x x�/x x�/x x�/x x�/x ��/x

Mg# z�/x z�/x zw/x zz/x zz/x z�/x z�/x z�/x zw/x zz/x

`<�(0 �� �(#+(H �H ;����� � � ��+ � � ��
�B �� ;�G
�.�4�0 �(��'	 � ��%	 ���� Q&�((�# A+? �
�GO2, H2O, F, 

SiO2.10��[ Sk��8 ]�.[�.2 ��
 �
�(B(2+/
!(	 ;�G�+<8�	
 �H �&�BG A�/�& ;��<i�0 �h1� ���? �� �1(%��@ Z��2

 ��@� ���? ;�G�h1�(T) ��@� �%G �(M) A�(� ��
T(I) �
Z(�8��.(G(A) �(#+(H �"(8�# ;�
�6�((�# 3/B� &� �G
�0& �<i�0 .�(#+(HF10 ;�G �(,(0 4& �1U 3
�LD ;�G

 J
 ST+B'� .��� 4& �(�	 a&+�& �H �"�� &� 3GD 4& � .2 �1U
�� A�%� �(,(0 .1G�]�.[��,�� �&�+B� �H �1HMg-

(AlVI+Fe3++Ti)-(Fe2++Mn)]�o) [Z/2l(#+(H�(;�G
�(1(0 3(,O�3GD ;��<(#+(H c�<�  �� S�"��U �G�(#+(H � �&�-

�(#+(H � I
� S�"��U �G��H�  �
�(,K ;�G`
!(1� ;�G A�%� &� �&�
��.1G� .`
!(1� �.- ;�� 4& !(� � I
� 3
&(Mg/(Mg+Fe)) 

�(#+(H �0& .(
�# ZH�K �.2 �
!p# ;�G)E�.@5�=�l(g
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�;�($���@ ��	�2& �H�& �Y���G �;���- A&�
& �0�12 ���8 � �0�12�+,H �,p� w�x

1� �&.�� �8 Q�+R 3
.H�(#+(H `
!( 4& �<%(H �"(,8 ;�Go/\�
4& �<B8 P+K!Ho/\�0& .�� �G.��� 3
& �,- �(��# �H .�&+#
��+  �,8 Y(8�#�(#+(H S&�W:1� �8 .2�H �<�H&� �$10 ;�G �G
�� _�#4�H &� ADF10 ;�+,"# ;T�H ;��� ZR�[ �
 g.1G� ;�G

�(#+(H ��1# �8 �0& �<B8 �(,(0 �H 4& �1U ;�GMg �� AD
.��&.
�6 �
�B �� d
&�2]�.[

A7+��G ;&+<:� r�:� 4&�(#+(H ��G 4& �0��H ��+� ;�G
 P+K!H c�+# �H �"�� ;�<%(H �+n+,	 �&.�� 4& �"(,8 c�+#

 .��&��+i�H)Z/2o(3GD ��) ZR& �H�1H 3
& ���+n+,	(Fe-F 

avoidance principle) �0& ]�t��|.[Z/2 �� �8 A�1?
)o(�� �.
�+2�(#+(H �4& �1U ;�GMg �H �"�� �"(,8 

�(#+(H ;&�&� P+K!H 3GD 4& �1U ;�GF�Cl.1<�G ;�<%(H .
�8 �0& ;��D��
 �H *4T A&!(� �1(%��@F�Cl �h1� �� 

�(��'	 �H �G�/(� Z(�8��.(GF�Cl ��/(� �
�(B(2 Y(8�# �
���2 �
 �B �� ;��� ���&� �$<�H �G]�t��|.[

�
!p# �
�<��(#+(H ;�� �<	�  *�p�& ;�G �0��H ��+� ;�G
 �+V[ 4& �8�[Fe3+? �h1� �� ����(#+(H ��@� P+K!H ;�G

 g�0& Q�+R �H Sk8 &� �(#+(H 3GD ��&+� Y,U& �� �?� Fe2+

�<	�  �h� �� �1"� �12�� .G&+2 �+@+� }H�1� b
�6 �H ��� .�&
 c��<�  �&.i� �HFe3+�(#+(H �� ��&� �+@� �G]�u[�H �

;��&+� �� ��@� �%G �h1� �� AD �+V[ �H ��k- �/
�+)
? �h1������ !(� ��@�.2�H &�
�6 &� AD .�&+# .�1(%��@Al-

Fe3+?���? A+(#�8 c4&.�& �H �0& 3/B� �(#+(H �� ��@����
�+2 E�<18 ��@�]��] .[5\[�8 .��&� A�%�Fe3+�h1� �� 

?����(#+(H ��@�� A��&� �$�� .1? �H ;�G∑(Si+Al+Ti) 

< 4AD �2&��H �H �1H ��&� �+V[ �GTi4+? �h1� �� ���@� ��
�(#+(H �8 �
�G �H ;��- �$��.1? �∑(Si+Al) < 4 ���%�

�� .�+2�+2 ��&� �0& 3/B� .�� �h� �H �&�� E�B<[& �8 .0�
 �8�2Ti4+�(#+(H ��@� ���? �('K+� ��;�G P+K!H c�+# 
�+@���&� .

E�.@ X�0& �H ;�G)��w�z(�B�� �"�� �
 �BG S�"
��#
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� �R�(#+(H Y(8�# �&�+B� �� �0��H ��+� ;�GMg-(AlVI+Fe3++Ti)-(Fe2++Mn) ]�o[.
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�H � ��+HXFeO*= [(FeO*+MnO) / FeO*+MnO+MgO)] 
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 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
6-

23
 ]

 

                            12 / 14

http://ijcm.ir/article-1-576-en.html


.,@�|���B2 �=!(
�6 ��=uu �(#+(H ���8 �B(2��+# �� ;�G. . .w�w

;.(�8& ;�G4�	Fe-Ti��
!BG � I
� 3
& ST�B<[& �8 .�&
 �&.�� ;��.[ �# �<��&+#TiAD .G� M
&!	& &� �G .�&.�� ST+B'�

Ti�(#+(H �� 4& a�"2& ;.(�8& ;�G4�	 �H ��
!BG ;�GTi 
�� A�%� M
&!	& .G�]�l.[

�&.��AlVI�(#+(H �� `�� ;�G��('� 4& �/
 A&+1- �H �G
� I
� �0��H ;&�HAD ;�G�0& �.2 �<	�  ��8 �H �G .��+� ��

�
!p# �8 �
�GAlVI�� �0� �H �1(%��@ ;�pH .1G�(Mg, 
Fe)VI SiIV =AlVI Al IV �1(%��@ �3(Mg, Fe)VI=2AlVI
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