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Abstract: Kaj-Rostam Abad, Dashtak and Do Ab salt domes are located around Ardal and 
Farsoun village. This area is situated in High Zagros range (Chaharmahal and Bakhtiary 
Province). The study area is composed of Lower Cambrian volcano sedimentary complex 
including basalt, basaltic andesite, andesite, trachyte, pyroclastics, evaporite rocks and 
Precambrian sedimentary units. According to the mineralogical and petrographic studies of High 
Zagros igneous rocks and related salt domes, they have complex mineralogical composition. The 
mineral assemblages in these rocks are formed during three stages, 1- Magmatic stage 
(plagioclase, clinopyroxcene, and apatite), 2- Late magmatic stage (amphibole, biotite, quartz, 
albite, calcite and sphene) and 3- Vein mineralization stage (quartz, albite, epidote, amphibole, 
calcite and garnet). Based on amphibole crystal chemistry, actinolite (Si = 7.87-7.93, CaB>1.5, 
CaA<0.5, (Na + K)A<0.5) have been distinguished, which is stable in wide range of temperature 
(320-520ºC) and total pressure 2 k bar. Studies of fluid inclusions in quartz veinlet, from altered 
volcanic rocks, were shown the high salinity of hydrothermal fluids. Fluid inclusions studies 
show three phases included liquid, vapour and solid. Also quartz crystals have a lot of inclusion 
of actinolite needles. The thermal range, 310 to 330 ºC in 42.93% salinity is distinguished for the 
formation of these quartz veins. The composition of chlorite, epidote and garnet are determined 
picnochlorite; pistazit and grossular-andradite respected and also the composition of plagioclases 
are mainly albite. On the base of thermometric studies, those metasomatic mineral are stable in 
thermal range of 300-500ºC. 

Keywords: Mineralogy, vein mineralization stage, fluid inclusion, salt domes, High Zagros 
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[f g�/bg a[u/a [��/� ��/[� [�f/a [�/[b ��/[[ �f�/[ [bg/a [/f� 
�a f/bb a�g/a bbu/a fb[/f [��/a bf/[u ��/[[ �[u/a a�/a a[/fu 

NOب ا

250µ
m.

100µ
m.
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8.0 7.5 7.0 6.5 6.0 5.5
0

1
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Actinolite

Actinolite

TremoliteTr Hb

Act

Hbl

Fe-

Act

Hbl

Ferro-Hbl

Magnesio-Hbl

Fe-

Tsch

Hbl

Tsch

Hbl

Ferro-

Tschermakite

Tschermakite

TSi

M
g/

(M
g+

Fe
2)

U#2 �%�+8�  % ��%�% ��b][�[��� 9%'4@+;�V�D 9�%z) �:
"2 !��VA0% .�� �kTP� �#��1K@+;�V�D ��+2 ^+�  % �:

���+1�A`% "�%)U#2b.(���7 FA��0 �� �0�'4 ��+� 9�:Fe-
Ca-Si-CaO-H2O�� �%'="�'�< .U#2 �%�+8�  % %z��
�0% !"2 !��VA0% .�8�� ? ��?�� ��
�ND O10 �	�4 �4 �d+( �4

&D &�+4 X�8-�4 �:�� 'k� ��$	 �7 "0�2kb U�#$( 9%'4 
@+;�V�D�0% 9�?'{ �: .y
%'2 ��T-XCO2�$<'4 

B(�%+` ? ���,` ����+1�A`% �4 �
\';�":][�[�� !"
� B�� -
�+2 .�
��� >'A�< �� ���+1�A`% ��%�+8� �
% I�0% '4

)C˚��a�C˚b�a (U` ��$	 �� ?��0% �%"
�/ ��4 +,�` .%z�
���7 �
% U�#$( L1�$�4 9���O10 �� '
  ��H1� 9�:

C˚b�a �0%)U#2�(.
@+;�V�D ��+8- @+�'	@+;�V�D �
��8�2 S�7'( I�0% '4 �: �:

�4�0% '
  Q�+W ][g:[
AB2C5T8O22(OH)2

�Z<� 9��AY�0 @+�'	 L;0�J� 9�:";1< @+;�V�D �4D 9�:
 �#8� I'<% "1,4 �4�0% '
  Q�+W:

(Fe2+, Al6+, Fe3+, Ti, Mg, Mn) (Ca, Na, K) (Si, 
Al4+)O22 (OH, F)2
Si + Al = 8.075            (Al4+, Si) = 7.906 + 0.94 = 8  

Al4+ = 0.094 
 Al6+ = 0.075 

(Si, Al4+)8 (Fe3+, Al6+, Fe2+, Ti, Mg, Mn)5.08 (Ca, 
Na, K)1.999 (OH, F)2

@+;�V�DO10 �� �
+��l 9�:�4 9 �4 9�: U�#$( '
  Q�+W
!"2"�%:

[��4 ���+1�A7% ��:?'4�< "1,;��+: ��!+�= 9�:"1,;��+: 9��4 -
�� U�#$( 9%�+2 .

����7?'�/ 9�:?'4�< ���4 ���+1�A7% ��%� 9��4
��7?'�/+1�,7 !"2 U�#$( �"7 ? ����< ���(+�4 �4 !%'8: ? �:

 �0%)U#2g�m�%.(
��A7%�4 ���+1��� +0 Q�+W�<� >�%+
� '4 �+8- 9�: "2� �:

 9����'<� @�;�� �4 ���7 �
% U�#$( '4 !%+< �7 ��0% !�'7
 �0%)U#2g�C.(

5 Ca (Mg, Fe) (CO3)2 + 8SiO2 Ca2 (Mg, 
Fe)5Si8O22(OH)2

g��� +0 �� ���,7 ����+�?� �4 !%'8: ���+1�A7% 9�:
��
'7+� :D 9�:�#��� �	�
 �(�#�,�0 "�+2.

b��Z<� U�#$( B(�%+7 ? ���,7 ���;�D �@+;�V�D  % �
�:
&+)4D '�l�( ��;��0% �
��,= 'W�1-  % �1i 9�: .�
% 'l% ��

 �Y'4 �� �AT ��0% !"2 U
";( ���,` �4 ���+1�A`% "1
%'	
@+;�V�D ��%+� 'M1� �!"2 �(�14'` U��` �+~ �4 �A�4 D 9�:
 �<� ��M
% �4!"2 �A��,7%"�.


��D@+;�V�D �%�+8� �
% I�0% '4 �0% �A	'< �%'= ���+1�A7% >'A�< �� �4D 9�:][�.[
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��E�_��� >'A�< �� ���+1�A`% U4��� �%�+8� �4 �d+( �4)c˚��a�c˚b�a (U` ��$	 �� ?��0% �%"
�/ ��4 +,�` ][�.[

�F,	 (�) �8���G 
���`  % ')
� �|
 �
',`�0% 9����'<� 9�: .!�<"
�  %

 O�� ? ��_�/ �)A�d'4 9%�%� ���` �
% �#�/+|0?'|�� 

�0% 9'A�`�Y 9'0 �,Y%"( .�
',` ���` �8�2 �0�'4
)@?"d�U|2 ?u(�� &�$� ^+�  % �
',` �` ":�

�0% �
',`+1|�/ .


.�H�
',74 ��+� 9�:�
',` 9"14 F���( �%�+8� 9?� �0�'�A	'< �%'= �
',7+1#�/ >'A�< �� �: "�%][b[.



W��
" ��( ��+/4@+A ��(+/�&%'
% �0�12 ���7 ? �0�12�+,4 �,M� bg�

"��C:�
',` �2 %�'/ B
� B����D�<� 9�:"1,4 I'<%  �|8� 9�:";1< 9%.
Label SiO2 Al2O3 FeO* MnO MgO K2O F Total 

[ [/�a u/[� u/[� ��/a �/�[ a�/a �g/a �/�u 
� �/�f [u b/[f ��/a �[ a�/a [[/a b/�u 
� �a g/[u �/[� �[/a �� a�/a �g/a g/�� 
g �f u/[u u/[f ��/a �/�a a [�/a �/�u 
b b/�� u/[u �/[f �u/a g/�a a ��/a [/�u 
� �/�� f/[� �/�[ g�/a g/[f a a �/�� 
u [/�� �/[� g/�a ��/a �/�a a a�/a [/�� 
� [/�� �/[� �/�a �f/a u/[f a[/a �[/a �/�u 
f [/�[ g/[� �/[� ��/a �/�a [[/a �b/a �/�u 
[a �/�a [u �/[� �g/a �/�[ [/a ��/a g/�� 
[[ u/�f �/[� f/[� ��/a g/�a a�/a bu/a b/�� 
[� u/�a g/[� [� �/a �/�[ [�/a b/a �/�u 
[� [/�� u/[g [/�a �u/a b/[[ �u/u ��/a u/fb 
[g �a [/[� �/�a ��/a f/�a a[/a [[/a b/�u 
[b �/�f �/[� u/�a �[/a �/�a a[/a af/a �/�� 

�
',7 9��AY�0 @+�'	 L;0�J��<� 9�: �#8� 9�:";1< 9%
 I'<% �4 "1,4�0% '
  Q�+W:

(Mg6.395Fe3.205Al6+
2.167) (Si6.094Al4+

1.906)O20 (OH)16 

y0+( !"2 �_%�% ����R�  % !��VA0% �4&%')$:?]/ �Y'4 
][��[�[��9��� &%+(���0'<�%�4���?D �0� .Qc��R�

 "�'
  �'2 �4 !"2 ���1$�/][f[.

(1) T (ºC) = 319AlIV-69 
AlIV = ALIV + 0.1(Fe/(Fe + Mg)) 

4 9��� ��� ����R� �
% I�0% '4 !"�D �0� C˚g�a !��?D 
�0% !"2][�[.���R� I�0% '4LB�� '
  ��4�$� �;
'�( �
�A�

4��0% !"�D �0� .�4 ����R�Q�+W�0% '
  ][u[.

(2) T (ºC) = -61.92 + 321.98AlIV 

4 9��� �����R� �
%  % !"�D �0� C˚b�b �0% ][u[.}'~  %
')
� '4 L
�/���R� L��9��� C˚��a �;0�J� 2�0% !"][�[.

(3) T (ºC) = 213.3AlIV + 17.5 

 �
�A�  % !��VA0% �4�M10����
',` �:)@?"d�(!��VA0% �4 ?
 %����R� L��
"24 �M�A� �
% �!��� �0� 9��� �` "
D

�4��'<�
�:�A2%z< 'l% O10 '4 �` %"��
',` ��M
% �-�4 ?-
|�/ ^+� 9�:`+1 �
',)�
',` ? @+;�V�D �
BM(  % �2�� 9�:

��(+�4 (!"2 �"�% >'A�< ��)C˚b�a �C˚g�a�� '���( "17 .

I���6� 
�` ���1` �� ���%?%'	 ��4 c��4 �,Y%"�( O�� �4 ���` �
%��� 9��:

 �� �	�
 9����'<��+2 .?  �� �� ����` ��
% >'A��< U�|$�(
 O10 }�|2  % ��1i �4��'<  �	 '�l�( ��;� �
�ND 9�:CaO ?

O2O10 '4 �0% ��H1� �
% 9�: .���+8� �Y'4 �` 9+J� �4 ��:
 *��� ��4 �)1�0 ? ��0% �A	'< �%'= 9����'<� '�l�( �J( �P��`

 �0% !"2 U�|$( �
 ?"�/% .O10D 9�: �� ���H1� ��
% ��
�N
 !"2 &+<'<� B;0 ���2 >���Y� "��%]g.[ % Q?"��/% ���%?%'	

 �
 �A��/ ^+�)@?"dg(���7  % �#
 &%+1- �4 �(�#�,��0 9�:
 �4���'< &]���7% 9c��4 LA�0�<+	 ')��
�8� �%"4D y��J� �� ��:

���  �0% �0�12)U#2��m�%.(U#�2 �%�+�8� �� ��7 ��+)�D
��m�%�� !"
� �� ��+2 9��:��� 9+�0 �4 Q?"�/% 9�%"
�/ &%"

 �� !�?B	% &]��7% �A�0�<+	 3
%B	% �4 ��_�/�+2 .�A�0�<+	 ��
 B(�%+��7 L��-+8M� &]����7% F��7 +L��-+8M� ��$����d Q?"���/%

 ��(�+�D +��� �
\';�"�: �+�2]�a��[.[�#�A�\%���/ y�4%?�
 �� %� �%� Q?"�/% L-+8M� �%�+8� 9?� &%+()U#2��C(&�$��

�%� .+8M� ���,7 L- +�����< +��
',7 +��4 '�M1� Q?"��/%
�0% !"2 B;0 ���2 >���Y� 3
%"�/ .

Q?"�/% 9��AY�0 @+�'	 �#8� 9�:";1< 9����'<� 9�:
 I'<% �0% '
  Q�+W �4 "1,4:

Ca2.0115(Fe3+
0.997Al2.1734)Si3.0 86O12/5(OH) 
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-J4#�<J6 
O10 �� ��1��  ��  P`+�
\P/ �����'<� 9�: '|��  % 9% ����? �

���79�: ��0% ��A	'< �%'�= �$��2 ? ����,7 ��"�7 .��2��
 U�� ?� �4 �A�4%?  P`+
\P/ 9�:�+,4 "1A�: 3�� '4 �,��� �` 

��;�D U�|$( �� 9����'<� �0% �+�� +� 9�: .'�)
� }'�~  %

 ��;�D 3
%"�/ �Z<� 9�:  ��	 �� �
��,= 'W�1- ��
� % '4 !%+< 9%
 9'�Y�(�0% )@?"dbU|2 �f(.

�'	��;�D 9��AY�0 @+�<� 9�: �#8� 9�:";1< 9% I'<% 
�0% !"2 !��?D '
  Q�+W �4 "1,4:

Na0.99Ca0.032 Al1. 043 Si2.96O8

"��C@9����M10���  % UW�T�
',` �Z<� 9�:"1,4 I'<%  �� B�': "� �0 9%.

Sample T1 T2 T3 
[ [bu/[�  ��a/b�f  ub[/�a�  
� ��[/g��  �[f/b�b  �b�/���  
� ��g/g[�  �ub/b�b  f��/�a�  
g ��g/g[�  �ub/b�b  f��/�a�  
b ���/�f�  uff/ba�  uu�/bua  
� ubu/[��  �gf/[bu  a�g/���  
u �u�/g�[  b��/bgu  auf/�[b  
� ��a/g�f  �u�/bub  u[g/�g�  
f �gf/g�u  �a�/bb�  bag/��g  
[a ua[/g�u  ��a/bu�  �ba/�ga  
[[ ��[/g��  b�b/b��  ��[/��g  
[� �gu/gg�  ub�/b�a  �[a/�g�  
[� bbg/g��  ���/bu�  fgf/��f  
[g �gg/gbf  faa/�ag  f[u/�u[  
[b fba/g�a  gu�/�au  g�b/�ug  

"��CAQ?"�/% �2 %�'/ B
� B����D �
�A�"1,4 I'<%  �#8� 9�:";1< �4��'< 9�:.
Label SiO2 TiO2 Al2O3 FeO* CaO Total 
[ ��/��  a a�/�[  [[/[�  fb/�� [�/fu  
� [�/�u  a�g/a g�/��  �u/[g  uf/�� ug/fu  
� g�/�u  a[u/a fu/��  b�/[�  f�/�� b�/fu  
g f/��  aau/a ��/�[  [�/[b  ��/�� [[/fu  
b a�/�u  aa�/a �[/��  [�/[g  [�/�� g/fu  
� [[/�u  agg/a ��/��  ��/[�  b�/�� u�/fu  
u �g/��  a[[/a �f/��  �/[g  ��/�� f[/f�  
� [u/�u  a[[/a �b/[�  fb/[a  ag/�� fu 
f uu/��  a bu/[f  [g/[u  fg/�[ ��/f�  
[a af/�u  a�g/a gb/�a  b�/[�  gu/�� ��/fu  
[[ uf/��  a f�/[f  �/[�  �g/�� af/fu  
[� fg/��  a�[/a �b/�a  ��/[�  [�/�� ��/f�  
[� b�/�u  a �g/�b  ��/[a  �g/�� bb/fu  
[g ab/��  a[b/a af/�b  �[/[a  �u/�� �[/fu  
[b �a/�u  a�b/a �b/�g  [�/[[  �g/�� ��/fu  



W��
" ��( ��+/4@+A ��(+/�&%'
% �0�12 ���7 ? �0�12�+,4 �,M� bgg


��KB�� . �
��8� �%�+8�T-fO2Q?"�/% 9%'4 ]�a��[[C �.S�7'( �%�+8�–�\%��/ L-+8M� 9%'4 BChl + Ep. + Gr + Cal.

"��CD��;�D �2 %�'/ B
� B����D �
�A��<� 9�:"1,4 I'<%  �#8� 9�:";1< 9%.
Label SiO2 Al2O3 CaO Na2O Total 
[ ��/��  ��/�a  �ub/a fu/[[  �b/[a[  
� �f/��  a�/�a  �gu/a f�a/[[ [�/[a[  
� [�/��  �g/[f  �gf/a a�/[�  f/[aa  
g �g/�u  gu/�a  ��/a ba/[[  f�/[aa  
b u�/��  [[/�a  ��b/a a�/[�  �a/[a[  
� g�/�g  �b/�[  ba/� ff/[a  ��[/[a[
u �u/��  a�/�a  aub/a [b/[�  ba/[a[  
� �f/��  uf/[f  �f/a u�/[[  a�b/ff  


.�LB�� .��;�DO10 �� E8� 9����'<� 'l% �� �+��+� 9�: �|8� ";1< ���$V$(D 9�: ��0% !"2 U�#$( CD?�M.�Z<� U�#$( 9�:
O10 �� ��;�D ? ���,` �B(�%+` �0�8<�� �+,;( ���
�/ UT%'� �� 9����'<� '�l�( '4 !%+< ���$V$(D 9�:)!"�;H= �+�(�N.Q��0",	 S,i% 9�:

F���( �%�+8� 9?� �0�'4 ��+�Q��0",	 9"14�A	'< �%'= ��;�D >'A�< �� �:"�%.

Oا
ب

Sanidine

Anorthoclase

AlbiteOligoclaseAndesine LabradoriteBytowniteAnorthite

Ab An

Or

�

Cal.

Ab.

Qtz.400µm.400µm

ب NOا 
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������� �	�
���
����

O�	�, 
)
� �|
���`  % ' % ����< CD?� �|8� ";1< �� ����'<� 9�:

 �0% �
�%�"�D ^+�)U|29�:[a?[[@?"d ?�(��?�A0� �7 �
�0% �+,;( ���
�/ UT%'� 9�:"1
D'	 .�,T'� �
% ��fO2, FeO, 

CaO�4��'< ! %"�% �4 �: >��2 ���� �7 �+4c�4 9%Fe2+�4
Fe3+�� 317%? ��%? .�0 ? !"2 !"��7% �+2.

�2%�'4 L
�/ '4�� �
����7 9�:U#2 317%? &%+(����< 9'�< -
�4��'< *+M: 'l% �� %� �A
�%�"�D 9�:  % �1i 9�:SiO2,

CaO, Fe2O3�'7 ���1$�/ '
  Q�+W �4]��:[

�
��� >'A�< �� �
�%�"�DC˚�aa �C˚b�a)��$	 ��b/a
��4+,�7 (?�/a�([/aXCO2�0% �%"
�/ ]��) [U#2[�.(

���,7 ? B(�%+7 ���A1)� �4 �
�%�"�D �y
%'2 �
%  % &?'�4
�� �
BM(�+2 .����< �
��8�2 S�7'( '���( ����<�� �+~ �4 �:

��H1� ��AY�0 9%�%� 9�:�+,4 ���� %� 9% 3:�7 �4 &%+(
�%� ��;(�% ��$	 ����<�� .�� 32+d >"
"/ S;0 ��$	 3:�7

&+)4D �;�� �� x
'0 3
%B	% ? �:Fe3+/Al3+���7 *�)1: �_%  
�0% !"2]�g.[��Y �AY�0 ���  �4 �d+( �4 I'<%  "1,4

�� %� �%"
?� �
%U�< ? I'<%  ����<�� 3�%� �4 �A�4%? &%+( -
O10 �
% U�#$( *�)1: ��H1� ')
� 9�: %'
  ����%� �:

�#8� 9�:";1<I'<%  "1,4 U�< �'#,8- 'l% �� E
 �� ? �:
	�
 �B�?'4 �
+/ y�J��A"�%]�b.[

����< ���
�/ +�- ? 9��AY�0 @+�'	 O�� �
�1T 9�:
 �#8� 9�:";1< I'<% �0% !"2 !��?D '
  Q�+W �4 "1,4:

(Ca3.048,Fe2+
0.493 Mn0.017) (Si3) (Al3+

0.38, Fe3+
0.483) O

��(����0%�
"��8�D�c+0?'<�
�%�"�D
gag/[�g�/��bu/�� �f�/�u 

";1< �� ����< S�`'(�
�%�"�D 6�` �|8���0% �c+0?'<
)U#2[[�m�%(.U��� �4 ?  P`+
\P/ 9��4 �4 ���` �
%

 9%+AJ� &�+4c�4CaO�0% !"2 U�|$( �4��'<  �	 .����< -
�+� �� ? �0% �')���8:�� !"2��
 9�: "12+��Y !"1;H=.'<% 

����< S�7'( '
  317%? ��+2 �A	'<'k� �� �c+0?'<�?"�: �:
�� %�&%+(U#2 9%'4 �	'< 'k� �� ���D 9'�<]��.[

CaAl2Si2O8 + 2Ca2+ + 3H2O + 0.5SiO2 Ca3Al2 (SiO4)3 (OH) + 4H+


.�7P����< 3
%"�/�1��  �� c�4 �)A�d'4 �4 �A
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2Fe3O4 + 1/2O2 3Fe2O3

Fe2O3 + 3CaO + 3SiO2 (SiO4)3Ca3Fe2
3+
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3SiO2 TiO
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0.38 1.61 5.51 4.98 4.91 0.28 8.31 2.89 15.6 52.6 2.29 Wt% 

Mineral           Qtz.            Cor.         Zir.         Orth.           An.         Ab.          Ne.              Ha(Halite) 

Wt%                24.3             5.42       0.02         9.6             22.76       1.17        0.25                 2.55 
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Salinity (%Wt NaCl) = 26.242 + 0.9428X + 1.42X2 - 0.223X3 + 0.04129X4 + 6.295 * 10-3X5 
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X = 3.20                         Salinity = 42.932% 
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