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Abstract: This study focused on the upper parts of Karaj Formation in 
Damavand-Firuzkoh area. Field study indicated that the green tuffites of 
Karaj Formation in Kilan, Hesarbone, and Zarindasht irregularly altered and 
changed to zeolite and bentonite. Microscopic studies of zeolitic tuffites 
have shown that the main components of these tuffites are altered glass 
shards. The shards changed to zeolites from their margins. In addition to 
zeolite, clay minerals also changed to glass shards. Scanning Electron 
Microscopic studies confirmed the change of glass shard to zeolite and clay 
mineral from their margins. The presence of clinoptilolite and carbonate 
impurity in vitric altered tuffite are determined by thermal curves tests  
(TG & DTG). Also, X-ray showed clinoptilolite, crystobalite as major 
mineral and muscovite, montmorillonite as minor mineral in these tuffites. 
On the base of XRF and ICP, chemical composition of these tuffites are in 
the range of acid to intermediate rocks compositions. Chemical composition 
of altered and unaltered tuffites is unique. Base on the petrological studies, 
the componential magma of the tuffites is calc alkaline. Spider diagrams 
indicated the enrichment of K, Ba, Th, Rb, which is characteristic of arc 
magmatism. 
 
Keywords: Tuffite, Zeolite, Firuzkoh, Clinoptilolite. 

 

Vol. 12, No. 1, 1383/2004 Spring & Summer

(received: 28/9/2003, received in revised form: 3/3/2004)

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

31
 ]

 

                             1 / 15

http://ijcm.ir/article-1-755-en.html


���� �����	
 ��	
 ��� ������� �������� ������� � ����
 �������� � ����
 )"#��� $��(

&�' ��� (��)*���� ���
 +"���,� #� �-
 �./��0
 +,+����1 �./ *

�������� 
��� ������� 
������� ���� .
������ ���� ������ ������� 
���.


 ����� !� "#$:jahad59@sepahan.iut.ac.ir  

���-2:&'( ��)*� +� ,�- )���� 
��./0 1)����� ��/-����0"�� �)� 2�!�3� .
�+�( 4��

� ���� 
5��*� �- )���� 67� 4����0/8 2- )���(+�9: ;�<�- =>�� +� ,;�5+� �"��

���� ?@��� A+/� 2(�2( 
������ �5� 
> +� � �"�!/B� �( ���C�"��/�(�)� D5)78 )�� .
A��!�3�E� 
���
� ���� ?@F� &'( 2- )��"�0/8 2G�8 2��� +� �� 4��2��� 4�

)Glass Shard ( D� �8�"�� �)2( ;2G�8 �5� 2- 4+/> 6�� ����2���: �)� ������ )��.
� �� A��!�3��
���� !� J/ �
�(�+2G�8 D5)78 6�� 2��� 4�� � "�!/B� 2( 2���: �� 4�


� )�5K8 �+ 
�+ 4�����- )- .
5���� 4���*� A��5���L TG) ;(DTG 
��!/B� 
��- �/��
2��� 4����0/8 +� �+ A�(�- 
9!�M�� � "�!/N��$/�N- 4�
� ���� )�� .OC� 4����0 ��

 "��/N5+/� "�/� � "5/ #� 
F�0 4����0 � "�!�(/�#5�- ;"�!/N��$/�N- 
N���(�5���L 4�� 
P��$/8�$ X(XRD)2��� 4����0/8 +� �)� 
5���� 4� )�� .�)� Q�R�� 
C��/BS A��!�3�

���� 25�$ �( 4��ICP �XRF C�� T�-�85�� �+ 
��!/B� 4����0/8 
"����/5+ �8 "���� 5K8 )�

� )- 4����0/8 
5��C�� T�-�8 �( 2- ���+�)� 
8���8 2U3� �5� ������.V5�$ �( ��OC�

"�� �!� !L/ !�- W/� �� ����0/8 �)���� 4�C��� A��!�3� �5� .6�� �)� +�R�( 4��+��/C�

X ���F �� 
�)�Th ,Ba ,Rb ,K
� ���� �+ 4���/. �5 ����C- 4�C��� 
�Y5� 2- )��

����8L"�� 
�.

1+�C� ;?������ Z������#(�8 � +��( ;[\V*�� �� ;]^�8 _]

)2!�U� "0�5+�]/_/�\[�;
5��� 2'#� "0�5+� ��/��/�\[�(

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

31
 ]

 

                             2 / 15

http://ijcm.ir/article-1-755-en.html



��- A��!�3� 
C��/BS � 
���... ]_

��#� ���.� ��4:"�!/N��$/�N- ;�/-����0 ;"�!/B� ;"�0/8.

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

31
 ]

 

                             3 / 15

http://ijcm.ir/article-1-755-en.html



U8 ��U� ;+/$ 
 � ;���B 
C��. ;���� ][

�
��
 
�+� 2�!�3� �+/� =>��ab 4���/N�- c
5��0��G� "��./� ����8 d��bbo^� � 
.�e� Z/> 
c\bo\^ )����� ��( 
!�C� f�F �82e�0�� +��e. �/-����0 )e��.A�e�!�3� &��Ye$ �e5� +� �e( 


�����8L )(�C- �� 
�'( ��7!� ��/B� )&!�e> 4�e��/- e ��G��� (d�e� +� g�eX ����e�8 
Q�R�� D � +� 2- �)��"�� �)� h'�� .2��e�� ;��(6�� E� 
���e��8L 4�e��
(/e�+ 
)���� ,�-"�� .i/:V��e NCF 2e( j/e(�� "#e����0 k�*� l5 mn�C�:� )���� �5� 
(/�+ 


��- 4����0o$2��8�- 
5�6�/- �� ���/p!�$ "�� ]�[.� "e�0/8 D��e� )���e� 4S/e!/��!
�+��;���C� �(25n ���� �+�/e� +� � Q�e- �e8 �e��+ 67e� E�+ 2( D�� 4��4�e( se� ���eC� 
��/8 8 4��t/E�+67� "�0/8 �"�� �)� �)5�.

"�0/8 67� 4�� &'()���� 
��./0 �)e� ������ 
5���'( +� ,�- )e�� .� �)e� 
��!/eB�
 �0/8 T!�X An/9*� �)� 
���/�( )�#� ���]�[.2���)� 
��M ?@� =>�� �5� +� 
������

 2( �2( ;"�� ���- DCF 
(�'��� A+/� 2�e�� 4���'( ;������ 4��):�� ��( 2- 
8+/� 4�

� �)5� ?!�� �/� .
���/�( 4����� 4���$ ��OC��+� �/e�/� 
N#e� 4��):�� �� 
��!/B� 

�)� ������ 
:�/� A���/9M ��5� �� 6�� 2U3�"��."�!/B� A��!�3� ����#e5� 2� +� 
5��
 �/e-����0 g�eX g/� �(+�9: ;)����� d�� g/� �<�- ;�e5+� ��/e-����0 g/e� "e��

A+/� �0��"�� 2.

☼

5-�*"��./�
�����8L 
�M�� ������)*� � Q/� ��+�� 1!�3� �+/� 2�.

����	
 6�& 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

31
 ]

 

                             4 / 15

http://ijcm.ir/article-1-755-en.html



��- A��!�3� 
C��/BS � 
���... ]u

 2�/C� � 
5��*� A��!�3� �� o$ 
���Y$ +�- �5� +� J/ ��� �� �� ������� �( "#'� ;4+���(
 Z)� 4+/�BH2 E� A��!�3� "0�� Q�R�� 
��� .� ;
e�+ ;
��!/B� 4�����- 
5���� 4��(


�(�+ 
���� !� J/ ��� �� �� ���C� 4�����- ��5� Z)�Stero Scan S360�M+�- "M�� V�
)� ������� ���#N��� v5�7C- .
5���� 6�!��LDTG, TG*Z)� ������ k�/8 990TA "M�� 

"-��DU PONT)� Q�R�� .
C��/BS A��!�3�ICP-MSZ)� ������ k�/8 HP4500+ 
�4���eee�+�( XRF �XDR Z)eee� ����eee�� keee�/8 Teee�8�8 2eee( Philips�PW2400�

Philips�PW2400Q�R�� w�> ���- "-�� +� )�.

��	
 �
��/ ���� 7�
� 
�C��� "�!��05"e�� 
��/e8 De(�. P��#e� � W/8 4�+�� ��7!� +� ��/B� 
.�� 
eC�� &e'( 

�0���+� 2���� �+ 
.�� ��7!� +� ��/B� 
�����8L 4�� 
�����8L 4���+� ,�e- )���e� 
(/�+ 

��( ���� .���� �5� +�;67� 4����0/8 � ��0/8 2e5n ��e�� �e( Ee�+ L 4�e� P��#e� 
���e��8

 2( �+ 
����M���� x�9�M� �/ )��]\.[67e� 4�e���0/8 e- � �(+�9e: ;�<�e- =>�e� +� ,�
�5+� �)� D5)78 
�+ � 
��!/B� 4�����- 2( wN�'� D��/F ��yK8 "*8 "�� )�� .�)e� 
��!/B�

 ���� +��. ��yK8 "*8 �+ 
���� A<� �8"��.?- 67� �8 
��- ������ 4����0/8 �/e( E�+ � �

0)� 
��# � 4�+���#�).

8� 8� � ����9� ���� 
2��� 4����0/8 "0�( �( �)� 
��!/B� 4� 4+��L 2�e�� �+ 2eU3� �e5� 4���e� Te!�X &e'( 

���� D� �8 )�� .��� 4�+�� ����0/8V2��� 2G�8 �� D ��� 4� 2��� 4�� 4��weN�'� Z� �� 2(
 
X�� ;4��- �2G�8 4��)5� �)� )��]a[.2��� ���M 
���e��8L 4�e� 2�e��: �� VN�e�� 2e( 

�)� �56�5�� "�!/B� )�� .
� "�!/B� �( ��<F 2��� 4�����- ��5� �� �� 2e( �<-/e5S<$ �� ��/e8
 
N$ D-�� 4�+�� �5 � �)� ��M A+/� ;68+�/e- �)e-��$ A�+z ;l���e� N0)2e( ?�e���$ A�{e�

 "e�8/�( ;
�/e� 
�/��M 4�+�� � �)� ��M A+/� 4�e� 2eG�8 �)e-��$ A�+z ;�)�)�#e-� 4�
 ��- �+��� 
7��L "�#N- � Z/7���L)D ���\.(���e� �e5� +� 
��e���� )��/e� �e�5� �� 
"�� �)� 
��!/B� 
N�#0+�yL �/�� .K�e� )e��/8 
e� �e��!/5��+ � 
#e�N�� 4��N�#e0�� ��

 )�/� D5)78 
��- �5� 2( ����+� A+/� 2( � )��( "�!/B�]^.[

����������������������������������������������������������� 
1�����
R� 
5���� �����
R� 
.���0� 
5����)Differntial Thermal Gravimetery(.

2- Glass Slard 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

31
 ]

 

                             5 / 15

http://ijcm.ir/article-1-755-en.html



U8 ��U� ;+/$ 
 � ;���B 
C��. ;���� _b

2�/8 �( 2( 6e5+��e��e���0/8 ��/e( 24��e( ;
5�e��� � 2e�!�3� ���e�( 
��!/eB� 4�e����- 

���� !� J/ �� ����
�(�+ ������� �).�5��98SEM ��� 2- "�� ���� ���� V4�e���0/8 


( A��3. �� �/-����0 2U3� �)� 
��!/B� � D �65+2��� �"e�� �)� D� �8 4.
e��- 6�!�e�L

� ���� 6�� A��3. �5� )e�� D� �e8 �e��F 2e- )e��1�e��L K, Na, Ca, Al, Si �#e�)

)D �a.(2eG�8 A��3. �5� mn�C�:� 
5��C�� 6�!��L T�-�8 2( 2�/8 �( 2�e�� 4�e� 
��!/eB� 4�
 �)�"�� .2e.+� 4�e����- �)e� 
��!/eB� A��3. �( ���C� ��OC� �)e5� 6e�� 
e�+ D e� 4�

� )�/� .23U� 6�!��L 2.+� �5� �� 4� �( �� "eU(�3� "e��/N5+/� "�/� 
�+ 
��- 
5��C�� T�-�8 
�+��)D �^.(

5-�,�/-����0 �)� 
��!/B� t/8 4� 2��� 2��� +� "�8/�( .

5-�:"�� �)� 
��!/B� 2���: �� 2- 4� 2��� 4�� 2G�8.

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

31
 ]

 

                             6 / 15

http://ijcm.ir/article-1-755-en.html



��- A��!�3� 
C��/BS � 
���... _�

5-�;�5/98SEM)� ������ 4� 2��� 2G�8 �.

5-� <�5/98SEM23U� 6�!��L ���C� 2( 
�+ 4�����- �� �L 4� .

"�!/B� �y� +� 2- )�#� 4+�)(L 4�����- 2NC� �� ������ ?e��� ��)( ��M�e� 
e��$+4;gL

� "�� �� �+ �/M )��]][.P�+ +�����
R� � 
5���� ����
R� ;
e.���0� 
5���� e5� �

��- ��M�� gL ���� "�� �� �( +�)(L 4���+�/M 4VN. 
e� ���e| 
5�e��� )���e�]_[.�e� ;2eN.

���� j/(�� 4���+�)����� 2( 2�/8 �( 2- "�� 
��M 
��- 2(
� 
5���� ����0 )�/e� .VeN. 
g}ee��ee��� �� 2ee- 
5oC�[ +� � W��ee� oCa_^
ee� ��ee5�$ 2ee( � )ee�+ &��ee- �ee(Q�ee� 
\[b/�� %t��� "�� ���C��-"�!/N��$/�N- W/� �� "�!/B� 
�"�� .��OC� VN. ����e��� 4

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

31
 ]

 

                             7 / 15

http://ijcm.ir/article-1-755-en.html



U8 ��U� ;+/$ 
 � ;���B 
C��. ;���� _�

�� 2-oC\\^ � W��� +�oC]_a 
e� ��5�$ �e( � ;)e(�5 &��e- Q�e� ^b^�/\%;"e�� ���eC�
���� )��1A�(�- 
9!�M�� "��)D �].(

5-�=- 
9!�M�� � "�!/N��$/�N- ��0 �)�� ���� �)� 
��!/B� t/8 �� 
5���� 6�!��LA�(�.
�����( v5���XRD D � +� _;�/-����0 
��!/B� 4����0/8 
N�� 4�����-;W/� �� "�!/B� 


F�0 4�����- � "�� "�!�(/�#5�- � 68+�/- "�!/N��$/�N- "�/� � "5/ #� ����0/8 �5� �
"��/N5+/�"��.VN��� 2( �/-����0 2U3� 1)� 
��!/B� � ?!�� 4����0/8 V#5�U� XRF �
ICP-MS
� ���� )���5) 5 2�7� ���� �5� 
5��C�� T�-�8 2- )��)!�)� 4�����.(

D �["7#� 6�� � wN�'� ���F "7#� ;SiO2/Al2O3
� ���� �+ o�N�� T#: �( )��.

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

31
 ]

 

                             8 / 15

http://ijcm.ir/article-1-755-en.html



��- A��!�3� 
C��/BS � 
���... _\

5-�>��> 
�+�(XRD t/8 
N�� 
��- ��/F 2( �+ "�!/N��$/�N- 
��- �/�� �)� ������ 4��
��0
� )�B�8 �/-�� )- .

5-�??!�� 4����0/8 2#5�U�)�(�)� 
��!/B� �).(

(��@*4���5���L v5��� ICP"�0/8 �/-����0 2U3� �)� 
��!/B� 4��.

SH4 SH1 SK6 SK7-2 
)�+� 


N�����F SH4 SH1 SK6 SK7-2 
)�+� 


N�����F
][/�[]/bGe ppm^\/]]^a/]]_b/_b[^/^[SiO2

^_/buu/�Hf ppm u[/]a\/��\]/]��/�bFe2O3

]u/b\au/bHo ppm ba/��[/�[]/b[\/bAl2O3

a��/bd.�<In ppm b^/bd.�<d.�<�\/bFe2O3

d.�<�/�[La ppm ]b/b�]/�]�/ba�/bMgO 

u/�u�[^/b
Lu ppm ^[/_�^/�[_/\_a/u

CaO 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

31
 ]

 

                             9 / 15

http://ijcm.ir/article-1-755-en.html



U8 ��U� ;+/$ 
 � ;���B 
C��. ;���� _a

�ua/b[a/bMo ppm ^b/�^_/\�[/��]/bNa2O
ab/b^u/_Nb ppm �^/�^a/�^�/�]^/_K2O
[�/]\[/uNd ppm �u/b�_/b�a/b�\/bTiO2

u/��d.�<Ni ppm b^/bb[/bb_/bb_/bP2O5

d.�<[^/uPb ppm ��/�\_a/��^�/��^u/��LOI 
[\\/^u_/�Pr ppm [[/uu[]/uuu/uu_[/uuTotal 
_/^�\/\]Rb ppm ]/��\a/�As ppm 

�^/b�a/bSb ppm ^[�a�/�Ba ppm 
��/�^�/�Sm ppm d.�<ua/�Be ppm 
[_/bu[/bSn ppm �]/b�b/bBi ppm 

�\b^u]bSr ppm d.�<d.�<Cd ppm 
_[/b_�/bTa ppm b/\aa/\\Ce ppm 
b^/[b^/uTh ppm d.�<d.�<Co ppm 
a�/�]a/bU ppm �/�[d.�<Cr ppm 

d.�<d.�<V ppm []/��b/�Cs ppm 
��/�b�/�W ppm u/ud.�<Cu ppm 
u/�\u/�bY ppm _b/�[�/�Dy ppm 

]]/�b[/�Yb ppm \^/�u[]/bEr ppm 
\/��[/auZn ppm \]b/b�a�/bEu ppm 

�b����Zr ppm \]b/buu/uGa ppm 
au/u_^/�Gd ppm 

(��@,&5���L XRF �/-����0 2U3� �)� 
��!/B� 4�� "�0/8 �� 2�/C� +���.

Sh2 ZS301 Zn-19 Zn-6 
�/C� 2

�9F Sh2 ZS301 Zn-19 Zn-6 
2�/C� 

�9F 
�a�^\a\]V ppm[�/_uuu/_��]/_^\�/_\SiO2

bbbbW ppmb^/��u�/��[a/��^�/��Al2O3

�a�u�^�]Y ppm��/�\b/�a\/�a]/�Fe2O3

��]�[�\�u\a\Zr ppm]]/b�\/�[�/b]_/bCaO
\a�^]^�]\Zn ppm^^/�b�/�^�/�u^/�Na2O
bbbbMo ppm\b/b_a/buu/b[�/bMgO

\b]a[u�^���uBa ppm__/�u\/��]/��]/�K2O
��]�Co ppm�_[/b�]^/b\][/b\�[/bTiO2

�_��Cu ppmbba/bbu�/bb��/bbb^/bMnO
��[�uNb ppmb�\/bb\u/bb\/bb\�/bP2O5

�u[]Ni ppmb�/��\/^�[b/^[_/^L.O.I
���]�a�uPb ppm��a[][�b�u^a^_Cl ppm
����U ppm�b�\_u���S ppm
�^a^Th ppma^[\^b[]Rb ppm

]\��^bb_][�^b\Sr ppm

)����� VU3� 4����0/8 4+�}���� 4��(�
!�e !� +��/C� �� �/-����0 o�N�e� T#e: �e( �e�
 )� �������][[D � +� 2-u"�� �)� ���� ���� .D �u4�e���0/8 ��/e( 4)��� "���� ;

��0
� ���� �+ ;)�+�� +��. "�!/5+ 1��)*� +� 2- ;�/-�� )�� .
��OC� +��/C�SiO2D(�U� +� Zr/TiO2D � +��b
e� ���e� 2e- )e�� 2e�/C� +� �e�

 "�!/5+ ���)*� "����/5+ �8 �+�� +��. ).2R��� �5�K85�5� 4����0/8 ��/( 4)��� �( ��5� 4)�
 "�� 2U3�]u[.
5�C��� ��CN. ����8 4��( 
� ������� 
�N�'� 4��+��/C� �� �� 
�e�( ;�/e�

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

31
 ]

 

                            10 / 15

http://ijcm.ir/article-1-755-en.html



��- A��!�3� 
C��/BS � 
���... _^

.001 0.01 0.1 1 10
40

50

60

70

80
Rhyolite

Rhyodacite-Dacite

Andesite TrAn

Sub-Ab

Ab
Bas-Trach-Neph

Com/Pan

Trachyte

Phonolite

Zr/TiO2*0.0001

Si
O

2

���8 "�� 2- ��+��/C� �5� W/� "�� �5� ��� 2( "�� �)� ������� &��Y$ �5� +� �C��� :+�
+��/C� 
!� !L 2( o�N�� A����G8 �!�e !L g�e� � �!�e !L ���)*� �� 2( �+ �5+zL 4���� 2- 


� ?�#U8 )-]�b[)*� +� �/-����0 2U3� 4���� ;)�+�� +��. �!� !L g�� ��� .4��( 
�+�(
 +��/C� �� 6�� �!� !L g�� 4����AFM "�� �)� ������� .4��)e�+� ��e�� �( +��/C� �5�

 �e��!� !L 
���)Na2O+K2O(�e�L 4��)�#e-� ;)FeO+Fe2O3(?56e�� )�#e-� �)MgO (
  !�- "e���� �/e-����0 
�����8L 
������ +��/C� �5� +� 2- "�� �)� ?���8 ���e� �!�e !L/


� )��)4��N ������(.

5-�A���G8 T#: �( ���!� !L 
"�� o�N������ 4)( ?�#U8.

5-�*B���G8 Zr/TiO2T#: �( 
SiO2���� 4)( ?�#U8 "�� .

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

31
 ]

 

                            11 / 15

http://ijcm.ir/article-1-755-en.html



U8 ��U� ;+/$ 
 � ;���B 
C��. ;���� _]

35 40 45 50 55 60 65 70 75 80 85
0

2

4

6

8

10

12

14

16

18
20

Alkaline

Subalkaline

SiO2

N
a2

O
+K

2O

Tholeiitic

Calc-Alkaline

Na2O+K2O MgO

FeOt

5-�**

5-�*,

������� 
� �)�L "�� 2( +��� � g��C- ���F 4�e�6�!��L �XRF �ICP-MS ;�)e� 
��!/eB� 4�e���0/8 

)�)� 2#5�U� 2�!�� V7� � "5+)- 2( "7#�)D ��\.(
X ;
8/7 F 4��+��/C� �5� 
�)e�
 ���F ��K;Rb ;Ba �Th 
� ���� �+ 4��e�/. �e5 ����C- 
5�C��� 4���� 
�Y5� 2- )��

 "�� 
�����8L .��
�� 4+�R�Ti �Nb ���� 1)�� &��+��e0 1��)*� �( ����0/8 �5� j�78+� 
"e�� 
5�6�/e- �.� �!�e !L ;�!�e !L/ !�- 4�eC��� A�9e'�� �� �e�+��/C� �e5� 
e�� T�e�

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

31
 ]

 

                            12 / 15

http://ijcm.ir/article-1-755-en.html



��- A��!�3� 
C��/BS � 
���... __

"�� 
���/�/� .!�)e� 2( 2�/8 �(4�� ���;D� �e8 2e( j/e(�� Q/�#e������ 4n�e( ��6e��
 � 
5��N. k�*� l5 +� �)� 
��!/B� 4����0/8 ( �5 g}� 
B���/8 D�!� 2
��!/eB� 4����0/8 ��5�

 �/�8�- 4��( �)� 4�� Sr �Ba "�� ��/( ]�����[.4��0/8 
������ 
> �)� ��R5� "�!/B�
 )����� 2U3���/-����0 ;"�!/N��$/�N- "�� .�e( 
5���� +� 2- "�� 
��!/B� "�!/N��$/�N-

 
e� D e� �)� 
��!/B� V�!�� D:��� +� � 4)��� 
5��C�� T�-�8 ��e��]�\[.2e( 2e�/8 �e(
 )����� 2U3� 4����0/8 ��/( 4)����
� �/-����0 "e���+�@��� �+ 
��e- �e5� D� �e8 ��/e8 .


( 
5�� "�!/B� +� 
#�N�� 4��N�#0�� �� &U� ��OC� "#�� ��yK8]�a.[

5-�*:�)� 
��!/B� 4����0/8 1)� +�R�( +��/C�.

C0)D�# �) �
� 4����0/8 )(�C- +� 67 +� �.�� ����8 d�� +� �)����� 2U3���/-����0 ;)���e� �� 
�e'( 

)� ������ 
3�*� k5��� ��yK8 "*8 ,�-�
��e- � "e�!/B� 2e( 
��e���� �e5� 
> �
e�+
 "�� �)� D5)78 .A��!�3� TG ;DTG ;XRD �SEM � "e�!/N��$/�N- �+ 
��!/B� 
��- W/� 

W/� "�/� �+ 
�+ 
��- /N5+/����- h'�� "� "�� �.A��!�3� ��OC�ICP �e( �)e� Q�eR��
 
� ���� �/-����0 4����0/8 8��e�8 �)e� 
��!/eB� � ?!�� 4����0/8 
5��C�� T�-�8 2- )��


T�-�8 E� W/� �� �� � �+�)�
��!/5+ )e�+�� .+��/eC� ��eOC�AFM 
e� ���e� 2e- )e��
 �!� !L/ !�- W/� �� ����0/8 �5� 4�C���"�� .�!/B� D� �8 4��("
e� �� 2e- ��e- +/9e8 ��/e8

 
 C� 4��):�� �� +/7F ��: 
��� �5� � 4/� 4��(L)A<� �e8 � 
e C� 4��)e7� mn�C�:�

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

31
 ]

 

                            13 / 15

http://ijcm.ir/article-1-755-en.html



U8 ��U� ;+/$ 
 � ;���B 
C��. ;���� _[

 2eU3� +� �/�/� 
#{5S ()e���� 
e� �/eM 2e( +/e� � 
5�e�N. "e���� .1���#e� A<� �e8
 +� �+ ��(L �5� ;
��� �5� gL 1��� l5 )��� 6�� ���8�/-/�N$ � ��/�N$ 4���/N�- ���Mz �/M


� )- .4)�e�� Te�-�8 4�+�� l��e�<-���$ 4���� �( 
5��N. 4��(L 2- 
3�*� ��� +�

� D � 
��!/B� 4�����- ;)�+�� &-�� )���� .


E@#� 
]�[Q 
����.;”���5� +� ?#�8�C���“;���� ������ +/�- 
�)�� A�0���-� � 
���)�\_u (

V*��]b[.
]�[Q 
��(�. .Q 4��R: ;.;”"��/�( ;���5� 
��� ����–"�!/B� “;���� ������ A�+����� 

+/�- 
���)�\_u (V*����[.
]\[W ���� &5�+� .;”���5� 
��� ����“;����8 ��7-���� A�+����� )�\[b (V*��ub�.
]a[
U8 g +/$.;”���� A��!�3� 
��- � 
��� "�0/8 
��� +� ,�e- )���� �)� 
��!/B� 4�� 

����8 d��“;�)�� ���� "�� )�\[� (V*�� �u\.
[5] Hay R.l., “Geology of zeolites in sedimentry rocks: mineralogy and 
geology of zeolites”, Reviews in mineralogy, Min. Soc. of Am. 4 (1985) pp.  
53-93. 
[6] Brown M.E, “Introduction to thermal analysis techniques an 
applications”, Chapman & Hall (1989). 

]_[� ���C|�- .;”��C#$ &5��L Q/e���+�� "0� e� An/9e*� �� De��: �5�e� /��-�/5��+ 4��
 �� 4+�F /8�$ 
��7>Mo90 ;Pb131 "�!/B� 2N��/( ���e5� 
��7> 4��“4�e�-� Ve��� ��e5�$ ;

)�\_[ (V*���__.
[8] Middlmost E.A.K., “Magma and magmatic rocks: An Introduction 60 
Igneous petrology”, Longman group, UK  (1985) p. 226. 
[9] Le maitre R.W., “A classification of Igneous Rock and Glassoly of term”, 
Black well scientific publication (1998) p. 195. 
[10] Irvine T.N., Barragar W.R.A., “A guide to the classification of the 
common volcanic rocks”, can. Jour. Earth. Science (1971) pp. 523-548. 
[11] Hotmes D.A., “Zeolits, Industrial minerals and rocks” N. 93 (1999) 
pp.1-59. 
[12] Mum pton. F.A.,“Uses of natural zeolites in agriculture and industry,
Vol. 96, Issu7, P.N.A.S (Proceeding of the national Academy of science of 
the united states of America) (1999) pp. 3463-3470. 
[13] Esenli F., Eren B., Coban F., “Alteration products of pyroclastic rocks 
in Thrace, Turkey”, mineral deposits (1997) pp. 713-716. 
[14] Gottardia G., and galli E., “Natural zeolite” spring (1985) p. 711. 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

31
 ]

 

                            14 / 15

http://ijcm.ir/article-1-755-en.html



��- A��!�3� 
C��/BS � 
���... _u

 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

31
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            15 / 15

http://ijcm.ir/article-1-755-en.html
http://www.tcpdf.org

