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SiO2 --�/9� -9�/9� -�-/9� 9q9/9� ���/9� ���/9q -�9/9� ���/9q �o�/9q ���/9q -�o/9� 
TiO2 �-o/� ���/� ��-/� -o9/� ��9/� ���/� ���/� ���/� �9o/� ���/� ���/�
V2O3 ���/� ���/� �o9/� ���/� ���/� ���/� ��-/� �9o/� ��-/� �9o/� ���/�
Al2O3 �9�/9q ���/9� q�q/9� ��q/9q �q�/9q ���/9o ���/9o ���/9o 9��/9q ���/9o �q�/9o 

FeO* �-�/�9 �9�/�9 �o�/�- �9�/�9 �o�/�- q�9/�q ��-/�o �9�/�- ���/�- ���/�- ���/�� 
MnO -��/� -9�/� �9-/� -��/� -9�/� -��/� --9/� �o�/� ���/� ���/� ���/�
MgO q��/� q��/� -9�/- q��/� o�-/� ���/� ��o/� o�-/� ���/� ���/- q�q/-
ZnO ���/� ��q/� �9q/� ���/� �9-/� ��9/� �-�/� ���/� ���/� �o9/� ���/�
CaO �o�/� �q�/� q��/� �q�/� ���/� ���/� �q�/� �o9/� ��9/� -�o/� -o-/�
Na2O -�9/� -q�/� �q�/� 9�9/� ��q/� q-�/� -�9/� ���/� q�9/� ���/� ��-/�
K2O �9�/� ���/� �9�/� �9�/� �oo/� �o�/� ���/� �9q/� �9�/� �9�/� �9�/�

F �o�/� �o�/� o��/� 9��/� q-�/� q9�/� -q-/� q�o/� -q�/� 9�9/� 9�-/�
Cl ���/� ���/� ���/� -�o/� �-o/� ���/� ��-/� ��-/� 9��/� ���/� �-�/�

O=F ���/�� �q�/�� -�-/�� �-o/�� -��/�� --�/�� ���/�� -o�/�� ��q/�� ��q/�� �-�/��
O=Cl ���/� �-q/�� ��-/�� �o�/�� ��-/�� ��-/�� ���/� ��q/�� ���/�� ��-/�� ��q/��
Total ���/�� �o�/�� �q�/�� ��q/�� oq9/�� ���/�� ��-/�� oq�/�� �o�/�� ��o/�� ���/�� 
H2O* oq-/9 q�-/9 o-o/9 qo�/9 qo�/9 qoo/9 oo�/9 oq�/9 qo�/9 oq�/9 �o�/9
B2O3* qq�/�� �9�/�� ��9/�� ���/�� ���/�� ��o/�� ���/�� qq�/�� ���/�� ���/�� q��/�� 
Li2O* -q�/� -�o/� �qq/� oq�/� oq�/� q��/� -��/� -q�/� q��/� -��/� ��/�

Si �o�/q �o9/q �o�/� ���/q �-9/q ��-/q ���/q ��q/q ���/q ���/q �9�/q
Ti ��q/� ��q/� ���/� �9�/� ��9/� ���/� ��-/� ���/� ��9/� ���/� ���/�
V ���/� ���/� ��q/� ���/� ���/� ���/� ���/� ��o/� ���/� ��o/� ���/�
Al �9�/� ��o/� -��/� �oo/� ���/� �o�/� ���/� �-�/� ���/� �qo/� �-9/�
Fe ��9/� ��-/� ���/� ���/� ���/� ��9/- �o�/� ���/� ���/� ��o/� q��/�
Mn �-�/� �9-/� ���/� �-�/� �99/� �o9/� �9�/� �-�/� ���/� ���/� ���/�
Mg �o�/� �-9/� ��o/� �oo/� 9�q/� �oq/� ���/� 9��/� -o9/� qo-/� ���/�
Zn ��-/� ���/� ��o/� ���/� ��o/� ��-/� ��-/� ��-/� ���/� ��q/� ���/�
Ca ���/� ���/� ���/� ���/� �9-/� �-�/� ���/� �-q/� �-�/� �9�/� �o9/�
Na o�q/� 9��/� �99/� o9o/� q�q/� o��/� o�o/� q9�/� q�-/� q�o/� qo�/�
K ���/� ��9/� ���/� ���/� ���/� ���/� ��o/� ���/� ���/� ���/� ���/�
F ���/� ��9/� -q9/� ��q/� -�o/� -�q �9-/� 9��/� �9�/� -�o/� �q�/�
Cl ���/� �9�/� ��-/� �q�/� -�o/� ��9/� ���/� ���/� ���/� ��9/� ���/�

Sum 9�9/�q 9��/�q ���/�q 9�-/�q �qq/�q q-�/�q 9��/�q q9q/�q o9�/�q q9-/�q o��/�q 
Mg* ��q/� ��o/� 9�-/� ��o/� ���/� �-�/� ���/� ��-/� �-�/� -9�/� -��/�
Xsite o--/� o�9/� �o�/� oo�/� �-�/� q-�/� o-�/� q��/� q9�/� ���/� q�q/�
Xvac q��/� q��/� -q-/� qq�/� 9�9/� o�o/� q�-/� o-�/� o�9/� 9�9/� o�q/�
Na+K o�9/� o�9/� �o�/� oo�/� q�q/� q�q/� o��/� qoq/� q��/� q�-/� qq9/�

Xvac+Na ��o/� ���/� ��q/� ��q/� �q�/� ���/� ���/� ���/� ��q/� �q�/� �q�/�
Xvac/Xvac+Na q��/� q�q/� -�q/� q��/� 9��/� o��/� q��/� ooo/� o��/� o��/� o-q/�

Mg/Mg+Fe ��q/� ��o/� 9�-/� ��o/� ���/� �-�/� ���/� ��-/� �-�/� -9�/� -��/�
R2 ��q/� �9�/� 9�9/� �q9/� �9�/� �o�/� ��9/� ��-/� ��o/� ���/� ���/�
R2* ��o/- ��9/- ��9/- ��q/- �-�/9 ���/9 �o�/- �q�/- �-o/- �o�/- ��o/-
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SiO2 q��/9� ���/9� �--/9� �q�/9q q�-/9o ���/9o ���/9� ���/9� 9�9/9� 9�9/9� -��/9� 
TiO2 ���/� ��q/� �o�/� �o9/� �9�/� �9q/� �q9/� -��/� �o9/� ��-/� -�o/�
V2O3 �9o/� ���/� �9-/� �9�/� �9�/� ���/� ��q/� �q�/� ���/� ��q/� ���/�
Al2O3 �-o/9o ���/9o ���/9o 9oo/99 ���/9q �-9/9q ��o/9q 9o�/9q o��/9q qq�/9q ���/9q 
FeO* q��/�� qo�/�� ��o/�� ��o/�� q��/�- �9-/�- q�-/�� ���/�� ��o/�- �o9/�- qqq/�� 
MnO ���/� �q-/� ��9/� ���/� ���/� �9-/� ��9/� ���/� ���/� ���/� ��o/�
MgO ���/9 ��q/9 ���/- ��o/9 9��/� 9��/� q�-/- ���/- ��9/� ���/� �q�/-
ZnO �9�/� ���/� �o�/� ���/� ��q/� �o9/� ���/� ��-/� ���/� ���/� ���/�
CaO 9��/� 9��/� 9��/� 9��/� 9�-/� 9-o/� o-9/� ���/� �qq/� ���/� ���/�

Na2O ���/� ��q/� ���/� ���/� ���/� ���/� q�q/� ���/� �9�/� �q�/� ��9/�
K2O �9�/� �9q/� �9�/� �q�/� �9�/� �o-/� �9o/� �9�/� �9q/� �9o/� �oo/�

F ��-/� -�-/� -��/� ���/� �o�/� ��o/� �qq/� 99q/� 9��/� 9�-/� 99�/�
Cl ��-/� ���/� ���/� ��q/� q��/� qq9/� �o�/� 9�9/� �o�/� ���/� ��q/�

O=F ���/�� ��q/�� ���/�� ��-/�� �-�/�� �9q/�� ��q/�� �o�/�� �-�/�� ��q/�� �o�/��
O=Cl ��9/�� ���/� ���/�� �9�/�� ���/�� �-q/�� ���/�� ���/�� ���/�� ��-/�� ��9/��
Total ���/�� ���/�� ���/�� ���/�� �--/�� ���/�� �o�/�� ��9/�� --9/�� 9��/�� ���/�� 
H2O* qo�/9 qoo/9 oo�/9 �o�/9 o9�/9 qq�/9 qo�/9 qo�/9 oq�/9 �o�/9 o9o/9
B2O3* ���/�� ��o/�� ���/�� q�-/�� ���/�� ���/�� ���/�� ���/�� ���/�� q��/�� ��9/�� 
Li2O* oq�/� q��/� -��/� ��-/� ��/� oq�/� q�/� q�/� -�/� ��/� �qq/�

Si ��q/q ��-/q ���/q �o9/q ��o/q ���/q �9�/q �--/q �-�/q �9�/q ��q/q
Ti �-�/� ���/� ��o/� �9�/� ��o/� ���/� ��o/� �9q/� ���/� �--/� �-�/�
V ��o/� ���/� ��o/� ��o/� ��o/� ���/� ��-/� ���/� ���/� ��-/� ���/�
Al ���/� ���/� ���/� o�q/� ���/� �q-/� �9�/� �9o/� ���/� �9�/� ��9/�
Fe o��/� o9�/� oq�/� q��/� �o-/� �q�/� o9q/� ��o/� ���/� �o9/� q��/�
Mn ���/� ���/� ���/� ���/� ���/� ���/� ���/� ��-/� ���/� ��q/� ���/�
Mg ���/� �q-/� ���/� ���/� 99�/� 9--/� �-o/� q-�/� oq�/� o��/� q-9/�
Zn ��o/� ��-/� ���/� ���/� ���/� ��q/� ���/� ���/� ���/� ���/� ���/�
Ca ���/� ���/� ���/� ���/� ��o/� �q�/� ��o/� �9q/� �-�/� �-�/� �-�/�
Na q��/� qq�/� q��/� q��/� q9�/� qo9/� o��/� q�o/� q-o/� q-o/� q��/�
K ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/�
F ���/� ��o/� �o-/� ���/� �-q/� �oo/� ���/� ��o/� ���/� -�-/� ��9/�
Cl ��9/� ���/� ��-/� �o�/� �oq/� �qq/� ��9/� ���/� -��/� ��-/� ��o/�

Sum q�9/�q q�-/�q q��/�q q9�/�q q9o/�q q9-/�q o9�/�q q��/�q qq�/�q o��/�q o��/�q 
Mg* 9q�/� 9oo/� 9-�/� 99�/� ��9/� �qq/� 9�9/� -o�/� -��/� --�/� -o�/�
Xsite �q�/� �9-/� �9�/� �q�/� ���/� ���/� q��/� qq�/� qq�/� qq�/� qqq/�
Xvac 9o�/� 9��/� 9��/� 9o9/� 9�-/� 9��/� o-�/� oo�/� oo�/� oo�/� ooq/�
Na+K q�-/� q��/� q�9/� q��/� qoo/� qq-/� q�q/� q-�/� q9-/� q9�/� q-�/�

Xvac+Na �-�/� �-�/� �-�/� ���/� �-�/� �9o/� ���/� �q�/� ��q/� ��q/� ��-/�
Xvac/Xvac+Na 9��/� 9��/� 9��/� 9�9/� o-9/� o��/� oq�/� o�9/� oq�/� oq�/� o�9/�

Mg/Mg+Fe 9q�/� 9oo/� 9-�/� 99�/� ��9/� �qq/� 9�9/� -o�/� -��/� --�/� -o�/�
R2 ���/� ���/� �-�/� ���/� �o�/� �o�/� ��9/� ��9/� �q-/� ���/� ��9/�
R2* ���/- ��o/- ���/- ���/- �o�/- �o�/- ���/- �o�/- ��o/- �-q/- �-9/-

 شناسي عموميزمين
�@2��<��.� (�!����7�8(% �!3 �� �<>R!� & 7�8(!� <�=

&O.2B L!3��!B&!� 7�8(!�3 �!Z O.2B &�}%�% 7�8(!�3 
N.z 45� <�= �
�5	%!dB 'oq˚o� �A'g�˚o� �!0 & �L!3 <�=

 �
�5	%!dB'9� ˚99�A˚9o ���F3 �(% �8	!6 �%!L)c13�(.
%
�) !E� )% ��@2� 4543�#22( 7&) )% �,�� �(�2 �

�� O.�I� 7�B!5( & �.3�/0 �) vZ�548"�(��R <#
#3 
�6#5e5? 45�) �� �
�= *��&� �.B& �� ��@2� �(�23 ��(%

�� ^2( )% �:
�� 7%.A �R <�.z �� �%� �5�,A %� �= 
�F
#L �8,�� 4
!A j�
!A �� ��@2� 4
% �� �.B.� <�= �8��%&

\5��V�&�8� c��3 �R *�.� =�
G 7&�� �� �<�=!�!� )% �
�=
v5�� �A �)��#�%�8,�� 4
!A#
#B &7� <�= ��= �	!�� <�=



�#�.�y(!5��/5/" ��P/" <#F$% ��"!=�3 ��H(�F�z 7%!
% �(�23 ���C & �(�23�./� �/P� ���

�(% !��$ #�0 ]t.[%� ��.6!6� r
�� )% ~�� 4
!AG��
^2( 7.6!6� �85/? <�= *#3�5/5	 ��  .(.� 7%#F= <�=

�� c5V,A =�2�R #��Y�.;�5$�� ��.6!6� #$ �� <%
 w���"���53 >H()7&)�
!/R(c��3 !8,5� & *#����

�� �5/5	 & �5/(% #�.3]u[.�&� �� 4( 455KA j�(% !�U-
Pb �<#5T.85�%!6 r/8�� <�=#$%& 4C!
) <&� 4
!8F��
&�
�%#45�) �� �R �(�23*�%� �� �5$�� 4
% ~
%#5? �(%

*�.A<�=<#5T.85�%!6 \5(%�&p 7��) �� ���8(� & �!B&!� 
4
% 7&�� �R �(% ���5��5/5	 *�!R `.:� �= ��.6!6� & #�%

 �A�&�P�)����53 �V� <�= |/:��.= �� & �S&!3 �%� & �=
�5A�F+5� �� v8" �= �.3 ()]���[�c13�(.2eF=54

]�����[��.6!6� )% |? <`.:� �5��K	 45�&% �R #�#�8K� 
�5$�� �R!$ �z & <%�=<�)548"�(�7��) �� ��� �5�&% 

4
!
) �(�A!R)�&#$Ma ��� (*�%� �� <�=#$%& �� �C �(%
 �8
�.
�.�%!6)�5�%!6 �F
#L <�=]�����[(�5A�F+? &<�=

 ��.6!6� ���= �� �.B.�)�5A�F+?�F
#L <�= ]�����[(
�8��%&#�% .

�!�)> (�45 �23)� �2@��> ��,�1كلش ��.� �]�[.



#/B ���*��F3 ��7�8���A�g�� 45����.A *�+8(�" 455KA & �F53.Tp��@2� <�= �!B&!� <��m

و پتروگرافي واحدهاي تورمالينويژگي  دارهاي صحرايي
�M0.FP� 45M� �
%!I; [�%&� ^2M( <�M= �� �.MB.� �M(�23

 ��@2�)�0.FP� ��.6!6� & �85�%!6 <�= �=(��M6� ��MHA�% <�M=
 �M0.FP� 4
% �� �85A�F+? & �85/?� � & �M= M5 �M6� ��MHA�% ><�M=

>A�%.R�M(�!� ��.� �8
�.
�>A�%.R 7��>5� ^2( �� �25����.A �
�8	!6 �%!L#�% .(�!���=<6  �P�% �
%!I; �(% 4
% !+��5� �8	!

 ~MM�� �� �MMR �MM
�.
�>A�%.R ��MM�@2� rMM/8�� <�MM= ��MM= 
�
�.
�.�%!6 �5�%!6&>�.� ��= ��53 & �= <�=#M$%& 7�M�>5� ��M=

45����.A #28�= �%� .45��M��.A <�=#$%& �M�@2� �� �.MB.� �%�
(�!� ��.��)% #2A��H0 :

�!B&!� �L!3 O.2B �� �M6� �*�M+=� <�8M(&� ��%.$ �� <�M=
85/?� ��45��M��.A �85A�F+? ^2M( �� �%� �8
�.M
�.�%!6 <�M=

 7� �� 45����.A �C #��%� �>�&!� �1� Y�.; �� �= X=!6 �
 �= �M=
 �� *#
� �.3)c13-r�%.(*#M5�0 ��<]��[XM=!6 4M
% �M=

H��Z����(&5�/<�e6� �M� �
�dA �)�� <�= 7� cM;�$ & #�.M3
 !� )% �2Z )�	 \
)B(��
�? <�=)�	 �� �(% �.^2( 4
% �� ��M=

 �1� Y�.; �� 45����.A *.M�L <�M= v�M5T&!C �M/? �M� �M�� & <%
 �� *#
� j.1K� �.3)� ~�� ��5���*.M�L �53�$ �� & ��� -

<% (�(% >A�%.C ^2( vE0% ~�� &.�M1� �M� )'C.M
p'? �M=<
C!A #2l5H��5A!? & 45/C&!15� ��M� *#
� �3�� ��5�� <�=-

�.3.
L!3 O.2B ���8(&� �6� �45
�? ���P56 <� �85A�F+? <�=

 �
�.
�.�%!6 7&�� �� 45��M��.A <&�M$ �MC #M��%� �>�&!� �= #M�%
)c13-O.(�6� 4
% �� >H( ^�� �� 45����.A ��=��M/? �� ��� 

>A�%.MC & �
.1�M� �)'C.M
p'? *%!MF= �M�� ��,� v�5T&!C
�
� *#�#�.3.

O.2B ��*��B ��2C �� 7G!A.HC <�8(&� ��!Z<�!B&!� –
�6� }%�% �85/?� <�=–45����.A �85A�F+? ^2( �� �%� <�=

45����.A <&�$ �C #��%� �>�&!� �8
�.
�.�%!6#�>
� ��5�� <�= .
�6� 4
% 45����.A <&�$ �=)��*.�L & ��� Y�.; 45����.A �C <%

*.�L & [(& �� ����53�$ �� <%�=(& �
!/C �4:(% �#��%� �%!L
'C.
p'?#28�= �85/?� �	�� �� ).

*��B !5�� �� 7�"�.FJ �K/L <�8(&� O!Z ��<�!B&!� –
�6� �}%�% 45����.A �85A�F+? <�= 7&�� �� �%� �M
�.
�.�%!6 �M=
 �� *#
� #�.3)c1M3-�.(���MC ̂ 2M( 4M
% <�M= c��M3 �M=

 �%!1A cC�� �� )'C.
p'? �>A�%.C<�XH,� cC�� �� 45/C&!15� �
45����.A)$ �� >A�%.MC �M� <#M3!F= ���(��M85A!? <�M=).A�% �

� �	�� �� ����6 & �
.1��
� *#�#�.3 .
�MM5A�F+? �O.MMP�/C <�8MM(&� �!MM3 �� 7&�� �� �
�MM=

��53 �
&.1�� & 45����.A S%.�% <&�$ �C #��%� �>�&!� �= <�=
��%��=<#28�M= �M3�� ��5�M� )c1M3-Y.(�M�@2� 4M
% ��

*)%#�%<45����.A �� �=��A��q�8��( �� !8�#(� .^2( 4
%-
N�FM3 #M�&� <%�%� �= �M�!Z�O.M2B ��%.M$ �� & *�.M� �L!M3

 �� O.P�/R & >
!�R <�=�8(&� �M� *#M
� ��." #�.M3)c1M3-
Y.(�
&.V�� ��8(� ��.F� �� >A�%.MR & 45����.A ��3�� <�=

 �5�,A c��L#�% .^2( 4
% 45��M��.A <%�%� �M= & ��).M( <�M=
 � ^�� �� !8,5� #28�= �� .45����.A 4
% �M� & c1M3 �.M" �M=-

�d5A Y�.;���,	% #3� & *�!C �!:2� <�=#��%� <% .
�M6� ���M��  �ME� <�8M(&� �L!3 O.2B �� >A�%.MC <�M=�

�
�.
�>A�%.C 7&�� �� 45����.A �M� *#=�,� �= *�M6 �MC #�.M3
 <&�$��� 45����.A #;�� #�%)c13-�.(^2( 4
% <&�$ �=
 ���MC.A <�MM=45��M��)�M�� �MM+�� #M2l �MM� �"�MM( & ^MM�!FR 
��@2� <%(�%!M1A cMC�� �M� )'C.M
p'? ��
&.1�M� �>A�%.MC �<�

�(% �85A�F+? �	�� �� Y&#5?% & �5A!? .
�5�%!6&>�.� ����8(� !�3 O.2B �� <�%� 45����.A <�=
�5�%!6 4
% �� 45����.A �C #��%� �.B& �� >A�%.C �� *%!F= �=

� *#
� X=!6 Y�.;��.3)c13-�.(X=!6 4
% �� �=
��.F�<�53�$ & *!5A <>C!� f5C!A &� <%�%� �8(� <
43&� #�%]�g[.�P58� �� ^�� !55dA 4
%<N��HA 45� ��.
 <�=

X=!6 �53�$ & >C!��� 45����.A <�= �� & ��(% *#�� �.B&
8�57� �53�$ �� �H�� X=!6 >C!� !8,5� <�%#
�? �� !P2� �P

���.3.�8�= �})�� {z��� �� <*.�L ^�� �� 45����.A 4
% <%
�� *#
� ��� �53�$ �� >H( �� c
���.3 .�43&� ~�� ��
�

�(% }#�% �
 ��%#� �.B& �5A.5� .& v5(�8? Y�y(#/	
���C )% *#3 �85�
!( )'C.
p'?�(% �53�$ 4
% f��Z <�= .

X=!6 c13�& �(% Y&�:8� �=�N&%#8� <&!C ���� 4
!A �
 
�5�5�%.<�(% .X=!6 <!=�� N�13% )% �1
 ���� <!56�%!L �=

��%� �5H3 & v5�8�� !5�� X
 �� �(% �5H�A <�=)c13-
�.(X=!6 !@L )% �=-��8�= �� !8F5/5� <�&#$ �A *!5A o�

dA 43&� ~�� �� !8F5/5�5� !5�#2C)c13-�.(



�#�.�y(!5��/5/" ��P/" <#F$% ��"!=�3 ��H(�F�z 7%!
% �(�23 ���C & �(�23�./� �/P� ��t


� &%$#=�> A.����2شكل%!I; !
&�WA45��%�r�%:X=!6 �6� �� 45����.A <�= �M85/?� <�=��M
�.
�.�%!6 �� �.MB.� �85A�MF+? �*�M+=� <�M= 
O:�6��85/?� <�=�45����.A �85A�F+? �
�.
�.�%!6 �� �%�����P56 <�8(&� <�=�:45��M��.A �M6� �� ��).M( <�M= �� �.MB.� �85A�MF+? <�M=

�
�.
�.�%!6�7�"�.FJ �K/L <�8(&� <�= Y:�5A�F+? 45����.A <�=��53 �� �%� �O.MP�/C <�8M(&� <�M=�:�M6� >A�%.MC <�M=��� 45��M��.A
�
�.
�>A�%.C��@2� <�=�����  �E� <�:X=!645����.A <�=�5�%!6&>�.� �� �%���@2� <�=���8(� <.

ي مورد بررسيشيمي كاني تورمالين در منطقه
�� �H5R!A Y%!55dA �(�!� <%!��H�� <�=Ca, Na, Mg, Fe 
45��MMM��.A S.MMM� �5�,MMMA &�
�MMMA&� <�MMM=�%�.F� )% �MMM= 

X - vac/ X – vac + Na  �� �H��Mg/Mg + Fe *��:8(% 
#3)cV39r�%(.��=�%�.F� 4
% j�(% !� 45����.A �5/R �� �M=

*!8�6<N�.3 45� �5T.	 8�M�@2� �� !8,M5� >MR!FA �M� �M5<

�8	!6 �%!L �5��.3 #�% .eF= !��2� 452 �%�.MF� 4
%�XM=!6 <�M=
45����.A *�+=� �%� ���8(� <�= X=!6 <!8FR 7%>5� �� &<%�%� 

)% <!8,5� 7%>5�Mg/Mg + Fe #28�= &��.F� <�M= �MK/L <
��.F� )% <�%#KA & 7�"�.FJ <�= <%�%� �G.FK� ���P56 <�8(&�

 )% <!8FR 7%>5� �.	 �H�� & *�.� �585T.	 f@L �� �8��%&#�%.
�M�.F� �MR ���$ �� *!8�M6 �� ��M��  �ME� <�M=<�5��.M3 –

الف ب

پ ت

ث ج



#/B ���*��F3 ��7�8���A�g�� 45����.A *�+8(�" 455KA & �F53.Tp��@2� <�= �!B&!� <��u

�M� �%!ML �
&%�� �F( �� !8,5� c
�FA �� �
&%�� �M� & �#M�!56
 ��.F� c
�FA �� �B.A �M� ��M
��� �� �M
&%�� fM@L �F( �� �=

 �� �5��.3 �P58� 7%.A 7%>M5� �MC �!MC <!56Mg )% �M��� Fe 
�(% !8,5� .

!
���� j�(%!� (Ca, Na, K)��.A45��  #M0 �M
 �.B& & �=
 ��	 �.B&T�5KL.� �� ���" �X�45����.A �8M(� �M( �� %� �=
45����.A �5KL.� �R �0%.�% & �T�5/L �\5�/R <�=X���" ���� 

v5�MM�A �MM(%�MM� #MM22R)]��[�cVMM3 9O(.4MM
% j�MM(% !MM� 
*�� <#2�� �M5!8, 45��M��.A �T�M5/L S%.M�% �M� *#M3 >5��M�� <�M=

�8��%& & #M�% [M�	A#MK�%)% <�M�.F� & ���MP56 <�8M(&� <�M=
 �K/L <�8(&�<�� 7�"�.FJ �5KL.� X�MR #M��%� nM/KA ���" 
�/s�� 4
%7�.� 45
�? !
���� K, Na *�M+
�B �� �.B.� X�� 

�%#�� �� ��
���Ca�(% .

�%�.F� ��R2
*�M� �H�M� Al  in  R2)cVM3 9�(��M5/R 

.F���*#3 >5���� <�= �� 7�,� =�2
�B �R #*�+Y�.Mz �M� ���� 
�(% *#,� !? c��R.�.HFR �� 4
% %� *�+
�B �� <�&#$ �A 7%.A

 �MM5T�H�% �25,MM��B �MM� )v5MM85� �25,MM��B (�MM2K
 �!MMR �MM5B.A
 �M� iM0�� �25,M��B 4
% �!V/F0 �MR �.M3Al, Li 4
>+
�MB 

)% <�%#��Mg, Fe �5KL.� �� �.B.� Y�.3 ]�m[.
�%�.MMF� ��Fe �MM� �H�MM� Mg ]�m[fMM5R!A �5��.MM3 �

[" <&� �
&%��(Fe + Mg) = 3∑�M� �%!L �!M56 )cVM39
Y(�F= &<��.F� �
�= Y�.M; �M� #M��%� �%!L [" 4
% !
) �R

 �25,��BAl �5KL.� �� Y�� �M� #M2
� .7�M2l �%�.MF� )% �MR
 �l!= �(%#5?(Fe + Mg)∑�25,��B 7%>5� �#3�� !8FR Al 

�5KL.� ��Y�� !8,5� �.3 .� 4
% )% �e��!� �%�.F ��4M
% #
�
 �R �(%A��.F� ���F �=)����  �E� <�= ��.F� >P�(��*!8�6<

��Mg 7%>5� )% !8FR Fe ��(% �5��.3 �2K
.

�!�)� �� .A f5C!A *!8�6�����r�%(45� �F.�%�3شكل ��.� <�= �5��3. <��� �%!L �585T.	 �%�.MF� �� �#M�!56 O(<�M= 45��M��.A !8,M5� 
��@2� �(�!� ��.� <#��%� n/KA �T�5/L S%.�% �� &[�	A#K�%)% <�K/L <�8(&� & ���P56 <�8(&� <�= ��.F� 7�"�.FJ <��@2� �� �� �5KL.�X

#��%� n/KA ���" .�(�%�.F� �� R2* �� �H�� Al in R2)R2* = Fe + Mg + Mn + Al, R2 = Al + 1.33Ti + Si - 12 (�5/R<.F� ��<�M=
�� *#3 >5���� 7�,� =�2*�+
�B �R #Y�(% *#,� !? c��R �.z �� ���� .Y(�%�.F� �� Fe �� �H�� Mg��.F� [" !
) �� �=(Fe + Mg) = 3∑&
��*!8�6<��Mg 7%>5� )% !8FR Fe ��5��.3 �2K
�� �%!L#�!56 .*�%� )% ���
��� <%!�45����.A <�= ����  �E� <�=]--[#3 *��:8(% .

الف
ب

پ ت



�#�.�y(!5��/5/" ��P/" <#F$% ��"!=�3 ��H(�F�z 7%!
% �(�23 ���C & �(�23�./� �/P� ���

��%�.F� j�(% !Ca �M� �H�M� Na )c1M3orM�% (�M5/R
45����.A <%�%� *#M3 >5��M�� <�=-/�Ca < ���,M� �MC #28�M= 

�(% ���C 4
% ��8"�( �� �
&% >5l�� �%#�� .��
) !
����Al �� 
�M5KL.�Y�25,M��B �M/0 �M� <�M=Al O Mg -1 (OH)-1 &

AlNa-1Mg-1 �MM(% ]�t[.*�%� �6#MM2C%!? 45MM2eF= <�MM=
��.A�� 7�,� �%�.F� 4
% �� 45��45,��B �R #=� �M=�
#M2��� 

Al Na-1 Mg-1 vM�� �� ���M" <�=��M	 c51,MA !+��M5� & #M�%
 �5KL.�X�(% ]�u[�M�.F� v(� ��%�.MF� �� �M=Ca + Mg* 
�� �H��Na* + Al*)c13oO(%� 7&�%& �@" �)%!� X

 �� 7�,� *#2=� 7�,� �C #=�<�B�� <�M
&% �25,M��B vMC 

%�(.
�2Z ~
�F� <%!� �6#345����.A �=)%Fe/Fe + Mg, Mg 

)% �%�.F�q�#3 *��:8(% .45����.A ��%�.F� 4
% !��2�  �E� <�=
 X=!6 & ���� 45����.A <�= *�+=� O.2B �%�A!A ��5f4
!8,M5�

�2Z v
>52� )% �6#3Mg 7%>5� 4
!8FR &Fe/Fe + M#��%� .
���$ �� ��.F� �R �6� <�= 85A�MF+? & �M85/?� <�= & ���MP56 �

7�"�.FJ �K/L 7%>5� 4
!8,5� Fe/Fe + Mg �%#�� 4
!8FR &
Mg %�#��%�.

و بررسي  بحث
*#5�0 !��2� <]�u[45����.A 7&#M� & cVM3 �." �
�F6�� <�= 

��@2� 7�.M� 45�.M��!? #2��� �@
%!3 �� <#2�)A/CNK>1(�
%!3 <#5(% [
PH<6.5&%B2O3 = 2wt�� �./H8� #�.M3 .

45����.A 4
% �.B& <�MF6�� 7�.M� �M2Z )% �R�$ �5�%!6 �� �=
 )% �5�%!6 7� �5�&%B�(% .

*#5�0 �� !+
� h!z )% <]��[45����.A �� �
�MF6�� <�M=
 45����.A �� ��
��� �%#�� <%�%� ����!6 <�=Al �8M(�R & !AG�� 
�5KL.� �� !8,5� X#28�= .cVM3 �M� �B.A ��)9�&oO(

�F= 45����.A <�F( �� �R �=Al *�M+
�B �� ~=�MR & G�� X
�M5�� c5V,MA [
%!M3 & #M��%� �
�F6�� *�+8(�" #��%� ~
%!6

�MM�.F� \MM
�>� ���MM�!6 *�+8MM(�" �MM� �MM= �MM(% !MMA .45MM2eF=
45����.A 45����.A �� ��
��� �� �
�F6�� <�= �#0 ����!6 <�= 

�� � �= ��.F� v5(!ACa� �%�.F�4r�%:شكل �H�� Na.O: :7&�%& �+8�HF=Ca + Mg* �� �H��Na* + Al..Mg* = Mg + Fe + Mn + 
2Li – Ti, Na* = Na + K, Al* = Al + Fe3+ + 2Ti-Lic : �%�.F�Mg�H�� ��Fe/Fe + Mg7�,� *#M2=�<�� v
>M52� 7%>M5� 7�.M� !AG�M� 

45����.A=7%>5� 7�.� !AG�� & *�+=� <�Fe/Fe + Mg��.F� �� �6� <�=�(% ���P56 & 7%!A.HC <�8(&� <�= .

الف
ب

پ



#/B ���*��F3 ��7�8���A�g�� 45����.A *�+8(�" 455KA & �F53.Tp��@2� <�= �!B&!� <���


~ A.����545شكل�F� ��@2� <�=<(�!� ��.� ��
�MA �M( <�M=�%�.F� <&� Al-Fe-Mg&Ca-Fe-Mg  .�:85�%!6T.�v5M85� )% �M2Z <�=#M5
�5A�F+?�5/?� & �= ���� �� �8��%& <�=-:!685�%T.�5A�F+? �v585� )% !5�	 <�=#5�5/?� & �= ���� �� �8��%& <�=9:^2(>A�%.C <�=���3!( 45����.A

 )%Fe3+ o:�5/?�8� �5���?�8� & �= v525�.�� )% S�H3% )�	 X
 �� ��
>F= <�=q:�5/?�8� �5���?�8� & �= )% S�HM3% )�M	 XM
 �M� ��M
>F=�� <�M=
 v525�.���:^2( ( <�=5/5Y�1 1=���5/?�8� �^2( & �=>A�%.C <�=�)% ��3!( 45����.AFe3+�:X5	��%!8�&% 45
�M? v5�/C �� *#3 7.6!6� <�=

 �2F
#( �H3 & &!C & v
���%& )% �2Z <�=�:Y�2�!C �H3�52�C&!5? �H3 & �= �=�:^2(( <�=5/5A�1�1=���5���M?�8� ��M5/?�8� & �M= <�M=
 )% �2ZCa ��:^2( .R <�=>A�%��5���?�8� �45����.A �5/?�8� & �= )% !5�	 <�=Ca ��:Y�2�!C�8� �=�-:X5	��%!8�&% *#M3 7.6!6� <�= .vMT'0

 c13 ���,�9#28�= .

4=�Fe/Fe + Mg#��%� <!AG�� . �ME� <�= 45����.A 4
%!��2�
 45T�M? 4M=� �#0 �R ���8(� & *�+=� <�8(&� �1=!6 ����� & !MA

Mg �%� !AG�� 45��M��.A �#� �MR ���M$�� #28�M= ���M�!6 <�M=
45��MM��.A �85A�MMF+? <�MM=�45��MM��.A & �MM85/?� 7&�� <�MM=

�
�.
�.�%!6 #28�= �
�F6�� !+
� <�= .7�.� G�� !+
� h!z )%
 �H��Fe2+�� Mg ���,M� )% 45����.A �� �M� 7� c5V,MA <�M=

 *)%#6 �/5(& �(% �
�F6�� <�=]��[.�� 4
%!��2� % �M� 7%.A 4M

 45����.A �5/R �C #5(� �P58� �
�.
�.�%!6 <�= ��.F� & �= <�M=

�85A�F+?�45��M��.A >B �� �85/?� �M1=!6 & ��M��  �ME� <�M=
#28�= �
�F6�� ����8(� ��@2� & *�+=� <�8(&� .

�%�.F� j�(% !�Ca-Fe(tot)-Mg 45����.A f5R!A >5� <�=
 \M
�>� �5��.3 f5R!A �� ��@2� % �M2Z & *�.M� !MA 4M=� )#M�%

)cV3q.(45����.A 4
% f5R!A *&'0 �� �� iM/Q� &� !M= �� �=
�5$��<)% !5�	 <�=#5T.85�%!6 Li �5A�F+? &7� �� �8��%& <�=

�� �%!L #�!56.
���80% ��]��[���M�!6 [
%!3 �� �
�F6�� [
%!3 )% �l!=

\
�>� �� !A 45T�? �/5" �%#�� �� 45����.A v
.3 !ABrM5z &
!8�6*�f5R!A )% <!A �.MB& �M� �
�MF6�� [
%!M3 �� �H�� �=
�� #
� .45����.A �6� <�= �� <!M56�%!L cM5�� �� �85A�F+? <�=

�MM5$��<c5V,MMA �
�MMF6�� nMM
!z �MM� �G�MMF8$% ��=#MM5T.85�%!6 

*#3 #�% .�6� 4
% �G�F8$% *�.MA `.:� )% |? �=<�M85�%!6 �/M;% 
*���&� `.:� !J% ��<� n
�>A & �F6�� *�.A �� 7<�.B& �� �/;% 

*#�� #�% .X=!6 �5�%!6&!V5� �� 45����.A <�= �� �Y%!R.R.� <�=
 45����.A �/FB )% �V2
% �� O��$ �� �85�%!6 7&�� <�= & #M2
�

 �5$�� �� #
��<�� c5V,MA cM5�� �M� �#M�!56 �%!L �=#5T.85�%!6 
�%#�� �[(%& #$ [
%!3 \
Mg �M(% <�%#M�� )% !8,5� ���� 

�R 45����.A <%!� �M� ��E8�% �
�F6�� <�= �M��� )% �M"!� & ��&�
 ��.F� #2��� �5$�� �� ����  �E� <�=<�5/?�8� �� �%!L �= #M�!56 .
45����.A �6� <�= ��@2� c5�� �� <% �\Ml.C j�M5�� �� <#2�

 7�.M� 45T�M?Fe/Fe + Mg *�M+
�B �� !M8FR �8M(�R &X�� 
����!6 [
%!3)<!5"�A �
�F6�� (��*#�� �.B& #�%.
���80% ��]�[�!B&!� <#5T.85�%!6 �	�HF= )#M$%& �>MB ��

 7� �
�.
�>A�%.R (!? �
�5F53 ��I� )% �M� %�M� ��(% 45�.��-
�%#�� #�%.AAl *�.MA �." 7&�� �� 45����.A c5V,A <%!�  )G 

�6� &�85/?� <�=��)�( *��&�!� %� �85A�F+? .�B.A �� 452eF=
 45����.A �.B& �� �M� �MP58� 4
% �� �5�&% <�= 4M
% �MR v5M(�

*�.A<�%#M�� <#5T.85�%!6 B�� 45��M��.A c5V,MA <%!M�  )G 
�M6� �� & *�.A 7&�� �%#M�� �M� �MB.A �M� & �M(%�%� >M5� %� �M= 

Fe + Mg>10 �� �*�.A 4
% �� �	�MR �%#M�� �MR �M:6 7%.A



�#�.�y(!5��/5/" ��P/" <#F$% ��"!=�3 ��H(�F�z 7%!
% �(�23 ���C & �(�23�./� �/P� ���

Mg, Fe #M
�� �P58� �� �#��%� �.B& >5� 45����.A c5V,A <%!� 
*�+8(�"Al, B Mg, Fe, %� 45��M��.A c5V,MA <%!� )�5� ��.� 

v
!5+� !E� �� *�.A 7&�� *�+8(�" \
.
�H�� �e��2lFeO* = FeO/FeO + MgO 45����.A �� 

)% !8,5��/� #M0 ��
�MF6�� v8�M5( 7�.� �8�� !+��,� #3�� 
*��3 ���"� O.(� �� ���� ~
G� & �=�=<)% �2Z Al �M�% �M(% 

� 4
% !6% )% !8FC �H��/���M��!6� !M� �M�G� #3�� <�M� �.M� 
O.MM(��MM=<)% �MM2Z Al  �B��MM" *�+8MM(�" XMM
 )% �.MM� & �

�(%]��[.45����.A �� �H�� 4
% �C �A�.; �� <�=#$%& <�=
 r/8��)& ��M��  �E� �7G!A.HC �7�"�.FJ �K/L �*�+=� ����P56
X=!6 ���8(� <�= ()% ~5��/�� !� ��G� �C �(% 
	!6 �, 48

 *��3 )% �.��=<45����.A �� �C ���%� <!5"�A c$%!� �
�F6�� -
� nz�MM2� �� & ���M�!6 *�+8MM(�" ��M��  �MME� <�M=
S.MM� )% !M+

�(% �
�F6�� .
��M�80% �M�]��[�%#M�� Fe# = FeO*/(FeO* + MgO) 

)% 48	!6 �/;�	 �� 45����.A O�M�!6 *�.MA<!81l.MC �M85�%!6 
�� !� �H�� 4
% �C <�.z �� �.3 �MC �85�%!6 7&�� !
�"` <%

 *�.MA �M� *#5H�Ml<45M� #28�M= �M85�%!6 �/��MA �<%!M� &
v8�5( �M6� <�M= �/M;�	 �� �MC <%<)% !8,M5� �M
 <&��M� �

)% !8FC �!8�./5C�/��(% .�%#M�� �M� �B.A ��Fe#�M�.F� <�M=
 )% !8FC �C �!B&!� r/8���/��MA q/��M� !M55dA �%!ML & #M2C

8�6 �� ���� 48	!6*!<A)c13�(���MC �	!6 �P58� 7%.A

�/;�	<�6� 45����.A <�= ��@2� �� �%�<(�!� ��.� �*�.A )% -
<)%!8FR �!B&!� �85�%!6 ��(% *�.� !8�./5C .!5J�MA 4
%!��2�

 45����.A c51,A �� ��.6!6� <�=#$%& �M� �B.A �� ��@2� <�=
�%#�� Fe#*!8�M6 �� �M��� 48	!M6 �%!ML >M5� & ����<�MH5C!A 

�5A�F+? �v585� )% !5�	 <�=#5T.85�%!6 �5/?� & �= �� �8��%& <�=
 7�)c13�(���(% !5J�A .�M�.F� �M5/C <!56 �%!L >5��M�� <�M=

 �6� )% v0% *#3 45����.A <�= X=!6 ����P56 �%� & ���8M(� <�=
 ��@2� �� 7�"�.FJ �K/L <�8(&� & *�+=�<Ac13��C�M$ 

�%#�� 7�.� G�� )% Fe#*�+8M(�" �� 7�.� X
�>� �nz�2� 4
% ��
 *#22C �
�dA<*��M3 �/M;�	 &<)% !M8FC �*�.MA �M� !8�.M/5C 

�� 7�,� %� <`.:�#=�.

 برداشت
45��MM��.A rMM/8�� <�=#MM$%& �MM(�!� )% & �!MMB&!� nz�MM2� �%�

*#3 c;�$ !
) _
�8� ���8(�#�%:
��M��.A �� 45����.A S.� �r/8�� <�=�%�.F� j�(% !� 45� <�M=

 ��.F� )% �"!� & 7�"�.FJ �K/L ��).( O.MP�/C & ���P56 <�=
 7.F2"� �� & �585T.	 S.� )% �5��.M3 S.� )% ��@2� !+
� <�=

 45����.A & �(% �M�@2� <�M= )% <#M��B N.M/I� ��M��  �ME� <
�MR #28�= �
&%�� �F( �� !8,5� c
�FA �� �
&%�� & �5��.3

*#
#? ��@2� <& 43&� ��5�� <#2� 45����.A �� !5+F,l <�M=
�� #5
�A %!�� ���@2� 4
%#2C.

��#F� Fe.�%�6شكل �H��MgO45����.A 7%#5� �C *�.A �� X
�>� �A �85�%!6 7&�� <�= �85�%!6 <)a(*�.A �� X
�>� �[(%&#$ �A �85�%!6 <
)b(45����.A &*�.A )% �&� <�= �85�%!6 <)c(�(% *#3 ��,� 7� �� ]��[.��.F� �%�.F� 4
% �� <�=�1=!6 nz�M2� & ���8M(� �*�+=� <�8(&� 

*!8�6 �� *#3 >5���� !+
� <a�8	!6 �%!L ��.F� ���FA �R ���$ �� #�%��@2� <�= ~�� �� �H
!�A ����  �E� <c�� �%!L#�!56 .c1M3 ���,� vT'0
9#28�= .



#/B ���*��F3 ��7�8���A�g�� 45����.A *�+8(�" 455KA & �F53.Tp��@2� <�= �!B&!� <���

��25,��B j�(% !� 45����.A ���.5A�C <�= 2� <�=��@< �ME� 
*!8�6 �� ����</L5��
�%!ML X5�M/C f@L �� X
�>� & ���1�� 

�� � �R ���$ �� #�!565(�!� ��.� <�= 45����.A !8,�S.M� )% 
/L5��
fM@L �M� X
�>� Vacancy group �M� �%!ML & #M�!56

45����.A �MK/L ��).( <�=<�M�.F� )% �M"!� & 7�M"�.FJ <�M=
 �M1�� c5�� �� O.P�/C & ���P56 �� #28�M= �M585T.	 S.M� )% 

��@2�Vacancy group�� �%!L #�!56.
��%�.MMF� �� Mg �MM� �H�MM� Fe/Fe + Mg45��MM��.A �<�MM=

 �%#M�� 4
!AG�M� & �#28�= �1=!6 Y�.; �� �C *�+=� <�8(&�
 45����.A & v
>52� 7G!A.MHC <�8M(&� & 7�M"�.FJ �MK/L <�M=

 �%#M�� 4
!AG��Fe/Fe + Mg 7%>M5� 4
!M8FC &Mg & #M��%� 
�F= <!56 �%!L<��.F� !
) �=(Fe + Mg)<3∑*#M2=� 7�,� -

<�25,��BAl �5KL.� �� Y�(% .
�45����.A ��@2� 7&#� & cV3 �." �
�F6�� <�= #28�= <#2�

 45����.A 4
% �.B& &�� �= �� X=!6 Y�.; �5�%!6 *�M+=� <�=
 ���,� ���8(� &<M(�" <�MF6�� 7�.� �2Z )% �(% �23&� *�+8

�5�%!6 4
% )% �=B�(% .
�45����.A ^2M( �� ���M�!6 <�= �HM3 �M85�%!6 7�M�>5� <�M=

 45�.��)�M= �
�.
�>A�%.C (#M��%� �.MB& .�M�.F� 4
%!��M2� <�M=
45����.A  �E� �%� ����!6 S.� )% ����)<!5"�A �
�F6�� (7��>5� ��

 �5��.M3 fM5C!A & #28�M= �8
�.
�>A�%.C�#M��%� �M
&%�� .��
��$ 45����.A �C �� nz�2� <�=
�M� �MC !M+ �M6� Y�.M; <�M=

 #M��%� �
�MF6�� *�+8M(�" �#28�M= �85A�MF+? & �85/?� .4
#M�
 �M� !ME� �� f5A!A rM/8�� <�=#M$%& �� �.M� *�+8M(�" #M(�

#��%� ����!6 �
 �
�F6�� *�+8(�" .
��H�� FeO* = FeO/FeO + MgO45����.A nz�2� �� �%�

 )% ~5��/�G� �C �(% � !� ��
*��M3 )% �.M� 48	!M6 �, �M=<
��%� <!5"�MMA cMM$%!� �
�MMF6�� .*��MM3 4MM
%�MM=<�� �%��.MM� 

45����.A � nz�2� �� & ����!6 S.� )% ����  �E� <�=
S.M� )% !M+
#28�= �
�F6��.

 مراجع
[1] Slack J. F., Herriman N., Barnes R. G., Plimer 
I. R., "Stratiform tourmalinites in metamorphic 
terrenes and their geologic significance", Geology 
12 (1984) 713-716.
[2] Henry D. J., Guidotti C. V., "Tourmaline as a 
petrogenetic indicator mineral: an example from 
the staurolite grade metapelites of NW-Marine", 
American Mineralogist 70 (1985) 1-15.  

[3] Maning D. A. C., "Chemical and 
morphological variation in tourmalines from the 
Hub Kapong batholith of peninsular Tailand" &
Mineralogical Magazine 45 (1982) 139-147.  
[4] London D., Maning D. A. C., "Chemical 
variation and significance of tourmaline from SW 
England", Economic Geology 90 (1995) 495-519.  
[5] Krynine P.D., "The tourmaline group in 
sediments", Journal of Geology 54 (1946) 65-87. 

]t[� !	�%� .�"�(�!� 45�) <�= ^2( <p.�&!8? & �(�23 <�M=
 ���8(� �5$�� <#5T.85�%!6��3.6 "7�
�? ��23��R ���� �#M3�% �( 

 ./0 *#V,�%� 7%!�A *�+,�%� �)�9��.(
]u[<#F$% % �P/".�"*�.A \
!��	&!8? & <p.�&!8? �(�!� <�M=

 �!MMB&!� �MM�@2� �A�&�MMP� ��.MM6!6� & <`.MM:�"�7�MM
�? �MM���
�#3�% �(�23��R ./0 *#V,�%� 7%!�A *�+,�%� �)�9��.(

]�[<#F$% % �P/".�"*�.A <p.�&!8? !MB&!� <#M5T.85�%!6 <�"�
 ./0 *#1,�%� �<!8C� ���(��*�+,�%� 7%!�A)�9�q(.

[9] Ahmadi-Khalaji A., Esmaeily D., Valizadeh 
M.V., Rahimpour-Bonab H., "Petrology and 
Geochemistry of the Granitoid Complex of 
Boroujerd, Sanandaj-Sirjan Zone, Western Iran", 
Journal of Asian earth Sciences 29 (2007) 859-877. 
[10] Masoudi F., "Contact metamorphism and 
pegmatite development in the region SW of Arak, 
Iran", PhD Thesis, Leeds University, UK, (1997). 
[11] Masoudi F., Yardley B.W.D., Cliff R.A., "Rb-
Sr geochronology of pegmatites, plutonic rocks 
and a hornfels in the region southwest of Arak, 
Iran", Islamic Republic of Iran Journal of Sciences 
13 (3) (2002) 249-254. 
[12] Didier J., Barbarin B., "Enclaves and granite 
petrology", Elsevier (1991), 601 p. 

]�g[) �H(�F�z .�P/" <#F$% �%. �5
�B� �.�"�T%) 45����.A
 ���8MM(� <#MM5T.85�%!6 *�.MMA ��)}%�% O!MMZ O.MM2B"(�xMM/P�
 7%!
% �(�23 ���R & �(�23�./� �*��FM3g)�g�� (��9���

9��.
[14] Hawthorne F. C., Henry D. J., "Classification 
of the minerals of the tourmaline group", European 
Journal of Mineralogy 11 (1999) 201-215.  
[15] London D., Maning D. A. C., "Chemical 
variation and significance of tourmaline from SW 
England", Economic Geology 90 (1995) 495-519.  
[16] Harraz H. Z., El-Sharkaway M. F., " Origin of 
tourmaline in the metamorphosed Sikait pelitic 
belt, south eastern desert, Egypt", Journal of 
African Earth Science 33 (2001) 391-416.  



�#�.�y(!5��/5/" ��P/" <#F$% ��"!=�3 ��H(�F�z 7%!
% �(�23 ���C & �(�23�./� �/P� ���

[17] Pesquera A., Torres-Ruiz J., Gil-Grespo P. P., 
Velilla N., "Chemistry and genetic implications of 
tourmaline and Li-F-Cs micas from the Valdeflores 
area (Caceres, Spain)", American Mineralogist 84 
(1999) 55-69. 
[18] Trumbull R.B., Chaussidon M., "Chemical 
and boron isotopic composition of magmatic and 
hydrothermal tourmalines from the Sinceni 
granite- pegmatite system in Swaziland", Chemical 
Geology 153 (1999) 125-137. 
[19] Cavarretta G., Puxeddu M., "Schorl-Dravite-
Ferridravite Tourmalines Deposited by 
Hydrothermal Magmatic Fluids during Early 
Evolution of the Larderclio Geothermal Field",
Italy. Economic Geology 85 (1990) 1236-1251. 
[20] Weisbrod A., Polak C., Roy D., 
"Experimental study of tourmaline solubility in the 
system Na-Mg-Al-Si-B-O-H. Applications to the 

boron content of natural hydrothermal fluids and 
tourmalinization process", Volume of Abstracts, 
International Symposium Experimental 
Mineralogy and Geochemistry, Nancy (1986) 140-
141.
[21] Pirajno F., Smithies R.H., "The FeO/(FeO+ 
MgO) ratio of tourmaline: a useful indicator of 
spatial variations in granite- related hydrothermal 
mineral deposits", Journal of Geochemical 
Explorations 42 (1992) 371-381. 

]��[/50�F(% � �.� <#FI� �. !E� n$ �.�"f5R!A ��
���
>A�%.R <�= �6� �� 45����.A �
�5F53�& {/L 45����.A 

*.V=�3 nz�2� �%� 48�+2A)7%!
% �!3 ( �E� &����)O!Z
7%!
%"(�x/P�7%!
% �(�23 ���R & �(�23�./� �*��F3g

)�g�� (��9o9 �9q�.


