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Comparison of chemical composition of tourmaline in tin and tungsten- 
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Abstract: In Iran, the most important tin and tungsten mineralization has occurred in Shah-Kuh 
granitoid pluton (Lut Block, east of Iran), and Nezamabad area (Boroujerd granitoid complex, 
west of Iran), respectively. Both mineralizations are mainly accompanied by existence of quartz- 
tourmaline veins. Nezamabad veins- type tourmalines have dravite composition and have been 
formed in hydrothermal condition on the basis of the following reasons: having more Mg than Fe, 
fine scale zoning,  having  low fluorine amount, low X-site vacancy, low Al amount, low 
Fe/(Fe+Mg) ratio, tendency away from alkali- and proton-deficient tourmaline and lack of 
negative correlation between Fe and Mg. Falling their composition in the metapelites and 
metapsammite zone reveals that the required forming fluids might be originated from host 
metamorphosed sedimentary rocks of the regions. Quartz-tourmaline veins from Shah- Kuh have 
been injected into main pluton and sedimentary rocks of Shemshak Formation. Vein- type 
tourmalines of the sedimentary rocks, have the same hydrothermal properties as Nezamabad 
tourmaines. Despite of having mostly schorl composition and originating from magmatic fluids, 
vein- type tourmalines of the granitic pluton represent hydrothermal nature as well.  
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�P$�")9 �*��Q" ���G ���; ���2�"#A:P�)
�
"� � : \.":4` : �
3�G � ?42." ?�>2��A� PP$�")�9 ?��>-

�." %40 [2='$ ��." %40 CJD �468� �/2����)$ .����8+" �G
]��[%�)$ 1
" B4�3�. ?�<A�� 3"e)� I�=>K � *D2��
��/M :

x2.�8- 3" ��8�12�)�K 12�)�K#- �<9 �$ \2�k� ��
 �� �9 %�)G
�328b�. 1�8��G": ��G �����2� �2�."�:{ !���3 �� Z�"�:#�	

 �." %40 [25'$ .�J/� ��I�H� (%:#A !�2� 3" ���GK �&/. ?�>

����9 4���"� �P��:#G ��
�)
�)�"#A : ��
�)
�P$�")9 �%4�0 ��G 

���
"� 4��68� ���82*-K : �82$���<&- ?���> ���A� : �P$�")��9 ?���> 
�/2����)$��;�3�. �G 18�&/$ ?:�` C�JD �2*q0 ����9 7�)Q

0%44�".)"#G?]/�. #8'�2G 7�+�o" ��G "� %4�/�")b ���.�/0
]�y[�� e�N�" x2>�.(

3�����*)!,� � -	����%( 2(��%/ )�*R-3��'( -	����%( -
<�=� ���>� 

�A� P$�")9 ?�> �� 12����)$ (�H� ?�>�8.:� ��")` ���GK
1�` >�A : �
�)
�P$�")9 4`": �� ��"P2	 : �0:� ���GK���
4`":�: �4��"� !)</b� �
�)
�)�"#A��G�P�:#G : ��":"#	 �*+

[�)$ �)N: : ��GK (�H� I2`�� �� #8'2G !":"#	 ?�> 1
" �� #$
�A� !")/+ �k$ �2`�� (�H� �/2����)$ �P$�")9 ?�> !K 3" ��GK �>

�� %�#G (�� �)0 .�A� 1
" ��PG Z�G �G �>.:2�9�b Z0)- I*
 : %4��� !��/-!K ����|� �>b#G �� : #2i8��G �`")� 3" -

�:4`w�� #8� 4.�.�12����)$ : P$�")9 ��":"#	 W�." #G 
7�/G#9 : 1>K ?�>42�9"�A� ]�� �,� ?�> 10:� 3" �>

)42l. (�G%)�D �#. �$ �P$�")9 ��":"#	 �*+ �G ?" �)N: �*+
42�9" �G �GK �PV. �1>K ?�>7�/G#9 �)p` [2���G ,� ?�>-

: �29U�� %T
:�G %#2$ ?#8�9�b �#8'2G 12����)$ ��":"#	 �*+
i$ �P$�")9 �G �V��2� #2�4/; .3" 12����)$ : P$�")9 ��":"#	

��)<� �G ?"�G �." 7:�l8� #&
� ���)<�b#G �; ?�)o�3"
��)<� %40 [25'$ 12����)$ 3" #8'2G �> �� :�G 4/�")$ !")/+

b#G �� �4�)0 �8	#A #H� �� �2/2����)$���)<� 3" #&
� ��>
�G 12����)$ : �." �*Q" ���9 P$�")9 "� ���9 1
" �@PN �"4��

�� �>"#<> �- �� : 4/9
���` !��>?�G P2� :� 1
" \.":4` -
�":"#	�%4>�'� [G�D 4�".
�G�A� �*9 �)o #H� 3" ��J/� �/2����)$ �P$�")9 ?�>

�� 18�&/$ �)N: : ?��j8D"�G 4/�")$A� �*Q" %:#A :��?�>
P$�")9 ��; �/2����)$ ��2*q0 ?:�` %40 )�:��G (�A� :?�>
P$�")9 ���9 ��)A#> 4D�	 �9 x2�+ �/2����)$ �4/8�> ?3�.

4�)0 x2��$ .�*Q" P$�")9 �G %"#<> 12����)$x�� : 1
#$ 1
#$
 : �*o�G ���9�2*q0��
#2-)/.�" ���
#2- ��2$:#2- 

��
#2-)5��9 ��
#��l." �� ��2�:)9��29U��
�:3K ��2$)A:
"PN" �
#82.�; : �2/2$)<�2G?�A� 1
" ���9 [25'$ "� �>

��4/>� .�A� �� 18�&/$ ��2+P$�"); ?�> [D"4` 3" 12����)$ 
�� �$ 1$ �� (#A mm��� 1$ �� (#A �4.� .�G 12����)$ ���;

%3"4�" d)o #};"4` : �G �*8�� ?�>���$���*2� #JD : #8�
��$���*2� #8�
40 %4 .��J/� ��8b�. �G ���; 1
" ]�� �G �?"

%)�Dx; �$ ]��#- ?"�G �20�` �� ]��#- �GK �$ P;#� �� ]�� -
G)b��." %4>�'� [G�D ]�m[.���8+" �G]�[: 3" �=
 
AT�-
�>?12����)$ G��#A ?�>���J/� ��G �; �." ?4/G [2��

�� [Q�` �[2='$ \
"#0 (:"4� 7"#22i$�)0.

��� 4>�'� � 2	���� B� �* 
%�"�� ?�>
�:#8=�" B4�3"�#-P���; 1
" �� %��l8." ��)� 

'>:T-�3"]�� ��m[�." %40 %��l8." .��)<� P2���K ?�>
���; %�&'
��3K �� %)=>�0[- %�&'�"� �.�/0 #�0 �2$�G�.

 I��<AP
� �G ���"#	 3)�)$Camebox Sx50%40 �
Pc$ �; �4�"
 [��0���J�� 12����)$ 3" �2�"#A ?�>�A� ���P
"#A ?�> ?�>

�2�"#A:#=2� ��82$�<&- �V0�A� : 7"#;);)� �>P$�"); ?�> 
�.�� : %)=>�0 �2�"#A �� �)N)� 12����)$]/. 4�3�. ?�>

4/8�> X'<0 .��)<� ��)� ��(�H� ?�> �"46$ P2� ��GK��IJ�� 
��)<� 3" 12����)$�A� ?�>P$�"); ?�>  ����)$ !�GP2� ]/. : 12

���; %�&'
��3K �� �8
�)
�P$�");[- #�0 �.�/0#�0 �2$�G�.
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�?4<k� ��*2+�<." #H� a` !"#
" �.�/0 ���; : �.�/0�)*G �*c� wv�

�G ���"#	 3)�)$ %�&8.� I*2.:P
��:#8=�" B4�3"�#-�Camebox 
Sx50 %�&'
��3K �� �2�G :GFZ %�&8.� �G !�<�K �� ("4�$)- 

Camebox Sx100�8	#A �"#D P2���K ��)� �.".

���'��
��� �> -	����%( S%� 
�	�	� .	/�( ��9�
]�[12����)$ #
���� W�." #G "� �>Ca �Na+(K) �
 !�j�� :

�c2�$?�26D)� X1)X-site vacancy(�%:#A �. �G
12����)$ ��2�*9 ?�> 
�2*D��26D)� �9 �+")�" :X!K �>

x2��$ ��." ���b %�#; ?4/G 4�")[=0�.(W�."#G 1
"%�� 
12����)$ ?4/G� :� #> ?�>�J/I(�H� �G %)=>�0 : ��GK e")�"

*D2��
4��"� a*6$ �#&��'� �*q�� 1
" �9 U�G �"4�� !�)G Na 
:K%�&
�N �� �)N)�X�"4�� �G ��
��� �� �Ca �"4�� :

�." %40��
 %�&
�N �)V<; .8=�I(4+ �"�)<� 1
" ��)� �� x�� 
7:�l$ �)N:&<'Y2#�"4�� �� �26D)� �� �)V<; X�� 

��)<�>(�H� ?� ��GK�."��G�=
�)oG2#8'!K�"4�� ?"�"� �>?
%�&
�N �� �)V<;X�� �:4`��4Q�� 4��:���)<� 12<> �>

7:�l$ ?"�"�&<'Y2#?3"���$������ 4Q x2�*; �"4�� 
�4/8�> 1
" �;�� "� x2�*; �"4�� �� �A�#8�A �G !")$ 

1 - X-site vacancy = 1- (Ca + Na + K) 

�/2'��N �;��'� �G �
�>Ca�#; #2�l$ .�:���)<� ��)� �� -
�� %4
� ,=+#G �826|: %)=>�0 ?�>�G �)0?�)o 1
" �;

��)<�#8<; x2�*; �"4�� ?"�"� �>)���:4`��4Q�� (�G
�"4�� ?"�"� : #8<; �*2b �A�#8�A �26D)� �� �)V<; X

#$U�G:�G�2o%�#8�A?#$3"���$m�4Q�� 4�.
29#$ 7"#22i$ �.�#G ?"#G�V�� �� �V ?�>Fe �Mg �Na 

:Ca e)� ~2�'$ :12����)$ �>�"�)<� 3" �
�$:� ?�>
Na/(Na+Ca) :Fe/(Fe+Mg) ]��[%40 %��l8." �." .��

�.�#G ��)� �"�)<�)[50y(��)<� ��)� ?�>.�#G�(�H� ��GK
 ��#8�A P;#<$ �G �
:"�� : d�)0 12G B#8'2G<2� ���8�G": I

#A �"#D �
:"�� �G�8	4�" .�"�)<� 1
" ���12����)$ ]/. ?�>
!�GP2��8
�)
�P$�"); ��)<� �G ��
��� �� �>?�
#&�/M ?"�"� -

3" �V�� �A40 #Q�/+Ca :Mg /8�>4.�:�G2#8'��)<� ?�>
�J/�I(�H� ��b #G %)=>�0 �� ���GKB#8�A�� �"#D d�)0 -
4�#2A:�G ��
��� �� 12����)$(�H� ?�> ��GK"�"��4+ ?Fe 

12����)$ P2� !�2� 1
" �� �4�#$U�G�A� : ��P
"#A �2�"#A ?�>-
P$�"); ?�>  �4+ �G �2�"#A ���GP2� �G 12����)$ Fe ?#$U�G 

�
%40 %44�" .

� �F�}*}� �"�)<�Ca-X-sitevacancy-Na+(K) ��)<� �26D)� :(�H� : %)=>�0 ?�>!K ?:� ��GK]�[.
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4*N��%��<0 �yP2
�- ��y�� �� 12����)$ �
�2<20 S2;#$ I�
���. . .wvt

� �T�"�)<� Fe/ (Fe+Mg) �G �V��Na/(Na+Ca) 3" �]��[6D)� :2��)<� �.�#G ��)� ?�>�?:� !K)[=0 4/��� x@�+ �.(

U'/��-	����%( .	/�( � �'	Q��V )�* 
Z/;":�>?�� 12����)$ S2;#$ �� �/2'��N�G 4�")$ 7�)Q

 ��b �26D)� X
 �� �82	#h x> d��V$)�/2'��N 4/���Mg 
�G ?�NFe2+�26D)� �� Y(�
 :�G�82	#h 4/Y d��V$ 7�)Q

 �26D)� 1
4/Y ��)�N:3 �/2'��N 4/����
::" )Uvite(

)Ca-Mg�G ?�NNa-Al(�26D)� :� �; �X:Z#2A�� "� 
��4/;(��)0 (�c�" .�GZ/;": �.�#G �)H/� �/2'��N ?�>

12����)$ S2;#$�>�"�)<� 3" �>?�*8�� )[=0m�$�(%��l8."
%�#;x
".

� �W12����)$ �26D)� .�#G ��)� ?�>��"�)<� ?:� Al tot V�� �G �X-site vacancy  �]�n[.)[=0 4/��� x@�+�.(

� �X��)<� .�#G ��)� ?�>�"�)<� ?:� �R1+R2 �G �V�� R3 �]��[) .[=0 4/��� x@�+�.(
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�?4<k� ��*2+�<." #H� a` !"#
" �.�/0 ���; : �.�/0�)*G �*c� w�s

� �Y12����)$ �26D)�.�#G ��)� ?�>��"�)<� ?:� R2* �G �V�� X Al �]�[.)[=0 4/��� x@�+�(

� �Z12����)$ �26D)�>.�#G ��)� ?���"�)<� ?:� Fe �G �V�� Mgd�)0 7�V2;#$ � \b ?:� �
:"�� Fe+Mg) = 3(∑�� �"#D 4�#2A
]�[.)[=0 4/��� x@�+�.(

� �[12����)$ �26D)�.�#G ��)� ?�>��"�)<� ?:� Ca �G �V�� Na �]��[)[=0 4/��� x@�+�.(
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4*N��%��<0 �yP2
�- ��y�� �� 12����)$ �
�2<20 S2;#$ I�
���. . .w�r

7"#22i$�$2�>�c?X�G �V�� Al tot  3" ]�n[��)<� �� �-
.�#G ��)� ?�>�[=0 �� m�." %40 #
)j$ .1
" W�." #G 
��)<� �� ��"�)<�?�>�G �8�G": �A�P$�"); ?�> 12����)$ �"���G

�A� 12����)$ #8'2G :(�H� x2�+ ?�>Z/;": ���GK�$2�>�c?
�
�2*D d)�#	 �G �>{[ ],Al}{(Mg,Fe)Na}-1��
� %4���)0

�:�� I2�G �� ��)<�G �; �> �<.Al �%�&
�N �� Z>�; :X

�G �4��"� [
�<$ #8<; �)N: [2��Fe3+�/2'��N Z/;": �
{Fe2+,Fe3+}{Mg,Al}-1 �." #^�� )3" �)H/�][�$ �2�>�c?

*D2��
�.�>.(
��)<� !�2� 3"12����)$ P2� �%)=>�0 ?�>�2�"#A ?�> 

�A� ���P
"#A�2�"#A:#=2� ��82$�<&- �V0 ?�>�>: 7"#;);)� ?
�A� ?�:4` �$P$�"); ?�> �k$ ��2�"#A �� �)N)� 12����)$ 


�2*D 3" !40 ���b �/2'��N Z/;": :� #> #2^�$�!)$:#- : �>
 �!)$:#- 3" !40 ��$ �
 �
"�3)d��V$O-OH ( d)�#	 �G

{AlO}{(Mg,Fe)OH}-1 ��8	#A �"#D�: �4�"��A� 12����)$ -
P$�"); ?�> !)</b� 12����)$ ]/. �� �8	�
�$ ?�>8�'���

�$ �/2'��N Z/;": 3" #^�8��
�2*D 3" !40�1
#8'2G : %�)G �>
4��"� Z/;": 1
" 3" "� #2^�$ .

]��[�G Z/;": �.�#G �)H/�S2;#$ �/2'��N ?�>�>?
12����)$ �"�)<� 3" �>R1+2R2w�G �V�� 4R3 %�#; %��l8." 

�.")[=0�.(�"�)<� 1
" ?:��)0 S2;#$ d X
�P� �
:"�� 
�G �"4�� �G �"�)<� P;#�R1 + R2 = 4 :R3 = 6�� �"#D �#2A

d�)0 �'
"P	" Il�)� �G �>�"�#G I<> : �� 3�MK �
:"�� 4�)0 .
�� %3�N" �26|: 1
"d)�#	 �G �
::" d��V$ �; 4>� 
Ca(Fe,Mg)}{NaAl}-1{!)$:#- d��V$ �S2;#$ �
 �
"�3

�" ��2/�{Fe3+O}{Fe2+OH}-1 :�$ d��V$�
�2*D 3" !40 �"�
x2/; �.�#G .�� %4>�'� �=��/Y ��)0��)<� ��?�>�8�G": �G-

�J/�I(�H� ��GKG2#8'12����)$ ?�> P$�"); !�GP2� ]/.
12����)$ 3" ?�"46$ : �8
�)
��A� ?�>- ��>2IJ�� 3" Z

d�)0 �� �"#D �
:"�� �� !�'� �; �4�#2A #$#^�� Z/;": 4>�
�)$ 1
" #G12����: ��." �
::" ��>�G2��)<� #8'�A� ?�> : �>

d�)0 IJ�� 3" ,- !�GP2� ]/. 3" ?�"46$ �� : �
:"�� 

2 - R2 = Fe + Mg + Mn 
3 - R1 = Ca + Na 
4 - R3 = Al + 1.33Ti 

�8."�?*D 3" !40 ��$ �"�#G 2��
�8	#A �"#D �>4�" .��)� ��
��)<�G %)=>�0 ?�>2��)<� #8'�A� 3" �<; �"46$ PN �> ?�>
P$�"); d�)0 IJ�� 3" ,- 12����)$  #D �
:"�� �8	#A �" : 4�"
��)<��A� ?�>�2�"#A:#=2� : �82$�<&- �20 ?�> �>�GG)b�

�$ �"�#G :� 12G2!)$:#- : �>�c
"�3��8	#A �"#D !�'� �; 4�"
>)V�" #2^�$ B4/>���: ��." �"�#G :� 1
" ���)<� �A� ?�> ?�>

P$�"); �8."� �� ��P
"#A �2�"#A : 12����)$ ?!)$:#- �"�#G -

"�3��"#D �8	#A �"�#G 1
" #8'2G #2^�$ %4/>� !�'� �; 4�"

�G �V���$ �"�#G2�c?
�2*D 3" ��.�>.
�"�)<� ��R2*-5XAl 3" ]�[��)<� I2*; �3" ?�"46$ PN �> 

��)<��G �8�G": ?�>�A�?:� ���GK (�H� ?�> \b
6R2* =3apfu7�8	#A �"#D )[=0n(�� !�'� :�; 4/>�

 %�&
�NY!K �G �>o��)<� #A" "#
3 ��." #- [��; �) ?"�"� ?"
 �"4��R2* 3" #8<; (apfu) y%�&
�N �� �40�G Y!�j�� ?"�"� 
�." .��)<� 1
"�� !�j���� ?�:4` �$ "� �> �2��6	 �G !")$

 ��2@�V�" �/2'��N Il�)�LiAl(Fe,Mg)2+
-2��/6
 ��#; �2N)$

�� z+�G �/2'��N 1
" �#=*<+ �; �)0Li :Al&
�N �1
P
 3" ?�"4��Fe :Mg �26D)� �� �)N)� Y�: ��)0 �!)Y Li 

%3"4�" ���<AP
� ?�>P2���K ���G ��." %4'� ?#2A� #H��4.�
 �26D)� �� �;Y8.�; : x; ?"�"� ��
%4���)0 .

7"#22i$Fe �G �V�� Mg 3" ]�[[=0 �� ��.�#G ��)� 
�." �8	#A �"#D .d�)0 S2;#$ �"�)<� 1
" �� 
:"�� ?:� �

\bFe + Mg) = 3(∑�� �"#D ��)<� I<> : �#2A�>
#
3 �; �
?"�"� 4��"� �"#D \b 1
"∑(Fe + Mg)<3�G : %�)G 7�)Q

 �/2'��NAl �26D)� �� Y� �� �K
�"�)<� 3" �=��/Y �4/
 �"4�� �Y#> �."42-∑(Fe + Mg) !"P2� �40�G #8<; 

�/2'��NAl �26D)� �� Y�� #8'2G �)0 .?U�G �� \b 
d�)0 Il�)� P2� �
:"�� �G d�)'
#	 �
 �
:"�4�)- ����V$ 
d)�#	 FeAl-1 4��"� �)N: �
::" :.�"�)<� 1
" W�." #G

��)<� 3" ?�"46$�A� : !�GP2� ]/. ?�>(�H� �"���G ?�> : ��GK
��)<� 3" ?�"46$�A� ?�> Z>�; ?"�"� %)=>�0 ?�>Al�� 

5 - X Al = Al in Y = atoms Al p.f.u + 1.33 atoms Ti p.f.u + 
atoms Si p.f.u 
6 - R2* = Fetotal apfu + Mg apfu+ Mn apfu+ Al in Yapfu 
7 - Apfu =  Atoms Per Formula Unites  
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