
Mineralogical investigation of hydrothermal alterations in 
the middle part of Tarom Mountains – Northwest of Iran

A. R. Ganji

Department of Geology, Islamic AZAD University Lahijan Branch
E-mail: ar_ ganji2000@yahoo.com

Abstract: The studied area is a part of Tarom Mountains and is located in 40 
km north of Zanjan. The area is formed mainly by Tertiary volcano-
sedimentary and plutonic rocks, which are mostly altered. Based upon 
geological setting, the hydrothermal alterations in the area are divided into 
two groups: (1) Regional alterations consisting of potassic, sericitic and 
propylitic types. (2) Structurally controlled alterations consisting of three 
argillic & alunitic types. The mineralogical studies show that, the major 
minerals characterizing the argillic – alunitic alterations are APS minerals 
(especially alunite and jarosite) + clay minerals (kaolinite, montmorillonite, 
illite, mixed–layer illite/smectite) + chlorite + sericite + quartz + gypsum +
pyrite, that their quantity, grain size and crystallinity vary in the different 
alteration types. In order to determine the temperature of argillization, the 
illite crystallinity factor is used and the results of calculations showed that the 
formation temperature of illites is about 200 to 240 oC. The results of this 
study indicate that the argillic-alunitic alterations of studied area considerably 
resemble high-sulfidation type of the epithermal argillic alterations in the 
continental arc subduction zones.

Keywords: Hydrothermal alteration, APS minerals, Iillite crystallinity (IC), 
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�� J*��. �6���< Alt1 �Alt2� Alt3 n-�	 � I��:8 ����)  7��1 (
 �)�� ;�N6
@8 ,+�	 �#  5
� 
k� #� ]�Ch � g�*�	 �,�5
��" I�36K#� (�)����
�� 1��C	 ��*8.

��� ���� �"*���
��	 Q�C��A	,M ,�*2�  J*� ����
�� ,. U*.
	 (��Alt1 (#*' ;�N��? 
��� ���
�� �  �� n�-�8 7.�%
�? ;�N6
@8 �)�� #� #��	 s�� ,���� (�)���+ �  5�. ,+���

 Q�� ,. s�� (�)8�Z��35��� ���36K#���� .	 � ,���� 7�� 
� (
�� ,+ ���� �8� �%�. �)�� 7+
����2�  ��) 7��5 .(,�*2� J*� ����
�� (��Alt2��� ���
�� (#*'  ,����  5�. ,+ ���

 ,�� z*:0	 �# �*L B����  ���	 � 7�� s�� B���� (�)���+ X�� � ��� �:� �)�� #� #��	
,���� ���) 7��6 .(,�*2� #�(�� J*� ����
�� Alt3���+ >�+
8 �  5�. � L��  #��	 s�� �����

 �)���+ �L
. �  �� ����	 �%�. z*:0	) �)8�Z��35 7y	 (.,��� ���
�� �VXD #*' ���) 7��7.(
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 J*� ����
��Alt1. ��# (�)���+ X�K�#�" �.  ,�*V�+ �S6� � + O R���	*�� ��
� (�)���+
 Q�:�*� O Q�:!5(APS) + X8#�*+ +  YZ6K +  6#���� +  �3�5�
�" + � ����!+�

 ��� (����!+�#��� + 6
�"�	 ,�L��� ���!+� (�� ��*�) ^�)3��8 �8 13 .( 1*	
5
,. Q�:�*� O Q�:!5 O R���	*�� ��
� (�)���+ �	*2< Q#*FAB3(XO4)2(OH)6 #� ,+  �� 

 ��Sr, Br, Pb, Cu, U, Na, K : A�Zn, Cu , Fe, Al : B  � As, P, S : X �� . �6�
R� (�)6
�  08 �)���+ ��
��L��#�1�	 #�
%  ���#�D O  ��*��  . ,+ ��
��,��
�!� #*' (�

�	 7���8 �K
"*� � �K*Z�� g6�
� #���*�]2 [.
,�)" J*� ����
�� (��Alt2. ��# (�)���+ X�K�#�" �. ,�*V�+ �S6� � +  �!6
�+ X8#�*+ +
  �!3+ +�#��� � ����!+� ��� (����!+ + ��
� (�)���+ �2+ #��!. 
6��@	APS n-�	 

�	 ��*�) 7��5 (,�)" #� ����
�� (�)���+ X�K�#�" �
L��. � (��Alt3 >�8
8 ��2� ,. X�� 
 #��	 (�)��� ����
�� Q�� � ,�5�6 a��+ #��!.  �)���+ �6� #��@	 ,+ Q��:8 �6� �.  ��

 �� ]�Ch.,(#*'�� B���� (�)���+ ,+ �� n�-�8 7.�% �)�� #� X�� s) � �)8�Z��35 7y	
���!6
� J*� 
� ��� ���
�� ,2�� (��
�+*6K�".(

________________________________________________________
1- Isostructural

  /0�5     (��O�� f*O8 #�  �O��#�D �  O��*�� 
 �
���) #*�xpl(.

 /0�6 ��� ����*V�+ 
�+*6K�" ) #*�xpl(.

 /0�7 &�28 � �
��� ,2�� 
�+*6K�" (��#*3.
 �
���) #*�xpl(.
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���� 1��5 1-� 
	 �"
��>
%�,�? ���
������ ������";�5X(XRD)
��#
. m�
" (��*��� (��*8
"x. , 
� ��	�  ��56�	 ���� X����� �#*	 B�*2�  ,<*2�	 ���

 (�)���+
6
��#�� �*D� �*���X�36K#� (�)����
�� 
� ��
� 
� #� :
 '-��Alt1111: ��*�� + ���#�D+��
� (�)���+ 
6��APS +  ��# (�)���+7	��: � ����*V�+ 

 �36� ,6� U*3-	 ���+ � �36� � ��*36#*2��*	/6
3+ �  ���2�� +X8#�*+  +YZ6K+  �8*�  +
 6
�".

 /0�8 ���#�D (�� ,l�# � ��*�� � ����*V�+ 
+ (���� f*8 #� ��� ��!+� �;�	� �
���) #*�xpl(

 /0�9999 )D � ����+ (��#*3. ��� �.�6
  ��*��) #*�xpl(.

 /0�10 ��*�� ���+�
" � ����+ (��#*3.
) #*�xpl(.

 /0�11,d�8 �. ��� ����*�� (���� f*8 (��
 (�)���+ ���+�
"APS)  #*�xpl(.

 /0�12 ���#�D 7�� (
N�5 X6# (��#*3.
,���  5�. �. (�) #*�ppl(.

 /0�13 ,�5�6 #*3N8 �6��8 (���� f*8
 ��� ����*V�+) #*�xpl(.
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 '-��Alt2222:  6�*��*	 )  �!6
� + ( X8#�*+ + #�Z��35 R����" + 7	�� ��# (�)���+
  �36� ,6� U*3-	 ���+ �  ���2�� � ����*V�+ / ���2��.

 '-��Alt3333: X8#�*+  + #�Z��35 R����" +  6�*��*	)  �!6
� + (  �N��+  6
�" + 
�  6
3+
,�*2� ���	 �6�. U*.
	 (����
� , (��Alt1 � Alt2 � ���5
� #�
% ,C��A	 �#*	 
���.  %� �. 

\2+ Q�
��d8,O��� 
��Od8 ,.  N!� ]3�-	 (�O)���O+ � n-�	 � �6�
� ��#
. �O)�� #� (��.
,��� 
A% a6�X5� �. ,+ �� (�)���+ 
6�� �  ���#�D � ��*�� �X8#�*+ (�)���+ ��X�	 ��

��
�APS���*V�+ (�)���+ X�� � �	 ��.  6�*��*	 �  ���#.. 
,��� 
A% a��+ �. Y�<���
  �36� ,6� U*3-	 (�)�# �  6
3+ � �36� � ��*36#*2��*	 7	�� ��# (�)���+ ��X�	 / ���2��

�	 ��.��# . ��#
. ���l2�,3% (�� �3F�)001 (�	 ���� ��# (�)���+ #*3N8 BD#� ,+ ���
  ��*36#*2��*	 
� 
���.  ����*V�+
� ����!�  �36� 
� 
���. ��.

 9
%�� �"%@; 
A�� 3� '��B��� �	 �"
��>
%�,�? ������� ���� 2

C;:
BD#� �6  �36� #*3N8 2 IC�
���� �.(
�� J�:8#� ]|� e
< B3%Ǻ10�*�!+�
5 #�  �36�  >  
µ2,. ,+ ��  Q#*F^
���2����	� ������. ��� (
�� ��	 ���C8�*� �� ���� � θ2∆ ��
]3 [.

�36K#� ����
�� (�	� ���C8  )D	 �*���X ^��#��*2� 
� ,C��A	 �#*	 B@A�TOC~IC �D 
 ���
. �]3[�� ���:���  . �6� ���6���#��*2����� E���
. �# . (��,R�!�� 
� ��	�  �� (��

��	
b6�	
� ,�)8 ���
*�� #� 1�C5 ��
M��� .R�!�� (����	
b6�	
����	 �1�C5. (�� #��!
g�0	 �6� � ���!� ��# (�)���+ 7���8 ���*�= BC��A	 (�
. (��:	 (�)����6�	
� ��

 (�)��+�� ��#
. (�
. �C�N'�#�� /  s��#��
���� 7.�% g6�
�  (
�����!�. I6  �36�
,h*� #� ����
5 ���+ (����	
 b6�	
� (���	� #� ,+  �� 1�C5<oC160. ,�	 �*D� �6�

]3 [.
#� _6���. #*3N8 BD,6�. ��	�  ������ �#������� E��@	 ,.  (�b��!2� E��@	 �6� ,+ ��*� 

 �#�������nL�� �6 #*3N8 3CIS �� .�6� (�
. 
6��@	 #�+IC. , (�# 
� ��	�  ��,3%^��
,�*2�
6
 �*��
�# B���C	 
� ���:��� �. ,C��A	 �#*	 (�� E��@	 ,.CIS ���� 76�N8 ]3:[

9899/0=2R�049909/0 ~ ICmeasured ×619800/1 = ICCIS

 �	� ,+ ���� 
�7	�<� 3Fb1
��+  ,. �� #��@	 �	� a6�X5� �. �  ��  �36� #*3N8 BD#� /���+
�	 a��+ �AL Q#*F�.�6��	  #��@	 ����� �. ��*8IC 
� ���:��� �. ^��#��*2�TOC ~IC

________________________________________________________
2 - Illite Crystallinity
3 - Crystallinity index standard
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 ���
. � �D]3 [�
+ ���C8 �# ���+ �6� 7���8 (�	�. (*��� ,� (�# 
� #�+ �6� &���� (�
. 
 *8
" m�
"x,�*2� ,. U*.
	  ����
�� (��Alt1 (�#�� ,+ ,C��A	 �#*	 B@A�	 ,3%� (�OO

nOOL��Ǻ10 
6��@	 ����*.  �36�FWHM)  J�:8#� ]|� e
<,3% ( YZ� � ��� ,N��0	
 1*	
5 
� ���:��� �.��
N	�� 
6��@	 ICCIS ,N��0	 ��,. _6��� ,+ F 1��D Q#*1 ��  .

  �C%*	 ��
+ ����" �.IC (�# ��� ,N��0	 ��#��*2� (TOC~IC ���
. � �D ) 7��
14( n-�	 �� �*���X�36K#� ����
�� #�  �36� ���+ 7���8 (�	� ,+ �Alt1 �#*	 B@A�	 

 ��. ,C��A	200�8 oC240 ��. (�)����
�� 7���8 (�	� �. ,!6�@	 7.�% �	� �6� 
� �*���X�36K#��" ��. �*�����:�*� J*� 
� 1�	
8  )oC250~140T =( a��#�
5 `'��	 #�

�#�% (�)�*%(�]5[ ��.

 �-(A1  
6��@	FWHM � ICCISB3%  )001 (#�  �36�
,�*2� ����
�� ,. U*.
	 (��Alt1,C��A	 �#*	 B@A�	 .
ICCIS J�:8#� ]|� e
<,3%Ǻ10,�*2� �#�2�

92/0
89/0
01/0

6007/0
5831/0
6524/0

A-1
A-2
A-3

  /0�14              E�O��
. ,C��A	 �#*	 ,@A�	 ���36K#� (�� ����
�� #�  �36� ���+ 7���8 (�	�  �C%*	
  #��*2�IC-TOC ���
. � �D )2000(

9����	 - D:	
~>�+
8 ����
��
.#� s�� J*� z�0� ,. ,C��A	 �#*	 B@A�	 �*���X�36K#� (�)����
��

���+7���8 (�	� � ����� � J*� 
� 1�	
8 �"� �*���X�36K#� (�)����
�� �. (��6
  ��N�
�#�% (�)�*% O a��#�
5 `'��	 ��. �*�����:�*�(�]5[��#�� .
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~ Y�3�� a6�X5� ��. �2�@�!	  N!� �)����
�� �6� #�)X8#�*+ (,��� 
A% a6�X5� �. �#�� �*D� �� .
~���	*�� ��
� (�)���+  Q�:�*� O Q�:!5 O R (APS),�*2� #� �S6� ,.  ����*V�+ (�#�� (��

 �#����!� 
�����
5 ,���.
~ � R� �. ��
2� X8#�*+ O  �36� O  ���2�� (�)���+ #*u� X��,6� ���	 �*D�  #�  �36� (��

,���� ,6� U*3-	 Q#*F ,.  ���2�� ����
�� (�
. (�,.�#�� B3��� ^�� �  �� �.�	
�
�=�	 e
5 �� ,�*��6� >�+
8 ,+ �*��#���� ���. ]�Ch (���� ]6 [.
~�	 �# ,C��A	 �#*	 B@A�	 (#��L�� 1
��+  08 �*���X�36K#� (�)����
�� 
�?� BA@�  ��*8

U�!N�� 7.�% (�)8���3��*3�5 7���8Ǻ10 5
� 
k� #� �����2�� .
~.  6
�" �*D� ,��� �)����
�� J*� �6� #� ,6*��� Q#*F,� B�!�� ��� �6���� 
.  �� (�

. ���36K#� ����
�� g6�
�,7�� &���� #� �S6� ���2�� ��
� (�)���+ (
�� .  ���l2�
  ���2�� 7���8 ����#������#�� ]�Ch �6��3% �8 �y�L >�+
8 ;�N��?  .

~ ��
� (�)���+ #*u� APS(���� 
. �3���  ��� 
8�#��^�� �.�	
�  �� .���	�6� 
:!5 
 ��)�� B���� #��	 s�� #� �*D*	  �8�"� �<
5 ���+ ��)���+ .���6�X5  �2�� ,+ Q�:�*� (�

 (�)���+ 7���8 #�APS ��#�� 
�� #� #��	 s�� #� �*D*	 B����  6
�" B6X�8 ���)	�	 �*� .
 ��
� (�)���+ #*u� B@A�	APS�	 �# X8#�*+ �  ����*V�+ #��+ #�  ����
�� ��
 �. ��*8

�36K#� 
� ,+ ,�5
��" I�#�� ^��. (���� #��!.,�	 �*D� !��� 1��C	 �6�.
~ �*���X�36K#� ����
�� �#*	 #�  6�)� #� ) ����*�� O ���36K#� (�	 ,C��A	 �#*	 B@A�	 ��*8

 �# 
6
 Q�
��d8 � Q�:�*� O Q�:!5 O R���	*�� ��
� (�)���+ a6�X5� �. ,+  ��� #�)o� ���=
�	,���� ��*8(
���
M :
1~ a��+ PH�.�	
� Q���� .
2~ a6�X5� Eh���+ g�0	 � R�!�� (
��.
3~,��� 
A% a��+ X8#�*+ �  ����*V�+ (��.
4~ ���2�� ��
� (�)���+ #��@	 a��+ .
5~ �  ���2�� ��
� (�)���+ �*���X���36� a6�X5�  �36� ���+ #��@	 a6�X5� $NA��..
6~ ����
�� Q�� a6�X5� )#� 
�,�5
��"�8 g�*�	 I�36K(.
7~ B�	�� #� ����
�� R�!�� �6�	� Q�
��d8 200�8 oC240 #*3N8 ,D#� #*�+�5 E���
. 

 �36� ���+.
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