
)����� �	�
��:��/�/������
��� ����:��/��/����(

���� ! ����� 
÷

�#�$% &'#(��)��*+, �� ���-�.'#���	 ��� /+�0 �+�12+3�456 789� (�� �7�:$+# $�6
7��$- 7�;#< 

=��> 8+# �(�13? �@+� /+9� /
8�< A�<0*

/+�0 B�% 7<$
< �7��$- �7��$- $'��% 8+�, A�)��<� ��#�', 

A8+CD :56 /�4 &'# 789� E1': �� �$�6 �7�:$+# 7�;#$�, �%$? �� (��;F�# A�68
� 0<�'�! G8''# (��;F�# H�<$I 7�:$+#
��<� �$;�+% &'# 0< 74 �#< A8, 5+C�J K+L�01M��! ��16$6� (�� .&'# ��16$6� �:�� /
$JO�% A���F� �% P1%$� ��Q'� (��

 �+�12+3�4�#< .�+�12+3�4 ��Q'� (��<��C,4 �� R+��J �+�12+3�4 �+J1+% � �+�12+3�4 S1� �� �%���- 5��, �- 8�1, �@T< (��
���- �% A<$*� 0U-1
VU! � 8'@2��1� ���- � /+����1J �WJ�<1- �/3#< ��+J1+% �X$	 (�� (���8- 8';�� .��1*� 0< �Y9% ������+J1+%
8, �	�
 �@T< ���- 7<1'X �% W+� .���- �	 7<1'X �% �+�
$# � /�4 (��8+�-< ��+�@- �Z�8+!< ��
$@- �
1��[ (�� (��0A8�4$% 0<

�+J1+% 78, �J�8+!< � �;
$@- /+'\*� � ���#$6� ]12+3�4 � �� Z�8+!< A���F� 8> �� A8��$�! ��16$6� 0< (8�<1, 7<1'X �% ��
 �+�12+3�4^$;�6 �;	�
 8�< .�+�12+3�4 �	�% ��Q'� (��_@?< �;3C, ��<� �#< .`�#<$%A�<�(�� �*+, ]12+3�4 ���-���1*� (��

 ��1�%�#�$ +�@- A�$6 �� ���*��%
8# � �+#�6<��! � 8'@2��1�1
W')� _+-$J�*H+�@-�% �* �� �<$I �+\'
� _+-$J8�$+6 .�:1J�%
 �%a
�;� ��� H]12+3�4 ��.'# ���	 b
<$, �� ���68�W
$6 7 +�-< O�% (��� �� �cdd �Jefd �:���<$)+;��# �2
$�J ���	 �g�Je

A8, 5+C�J ��%1@+- 8�<.

AV<�(8+@- (��:G8''#H7�:$+#h56$�6h�+�12+3�4h�*+,���-h���H�.'# ���	.

��8�� 
�'�! G8''# ��16$6�H�2
$�J ]1i �% 7�:$+#jkdd 

0< B+% b#1;� (�'�! � $;�1@+-gd�- ��<� ^$;�6 $;�1@+-
A���F� S<1�< &'# � ��16$6� (�� A8
� 74 �� ��16$6� (��

�� 1,�8.B�% �� (�� �+J�*)+� ��%1': l+'6 ��� ���
��+,�C+� �+�12+3�4 ��� /# �% ��<�<$	 (��$�$� � ��

�<� �1:� ���
�! K+#<��V � /
$2��-$!�8]j[.56 �+>�� �� $�6
 �� ($+6�<$I 5+�� �% 7�:$+# 7�;#$�, �%$? E1':�'�! 

G8''# (��;F�# H7�:$+#^1�;#� ��16$6� (��+�% (��
71*'F� � �#< A8, 
��&'# S<1�< 0< ��� A8, 716$6� (��

 ��Q'� /
<�� A8
��1, .�+�12+3�4 �X1� &'# ��16$6� ��<� 
b#1;� �J��<� ��,�� 5��, 8'@2��1� ��0U-1
VU! �%&�� 

(�� W2# /,�� �JA$+J �A�+# �#< �m_@?< ��$[< ��16$6� 
�+>�� (<b#1;� �J8
8, &'# (�� /
�n4 b#<�8> �(0�% �

�
 &'# (�� �C�4 o��F�� �%�1:� ��8
4]k[.�.�4 0< �J �-
 71'-71�<$+! ���� ! �+�12+3�4 7�:$+# $�6 56 789� (��

A8, =�.�< 74 �#�$% ��#< 0< ���r$���- ��� b
<$, � �#�',
5+C�J ���	 ����/;F�# /,�� �� ($[1� =�6 8�<1J
/+�0 (���<8F�8,�% ��Q'� �� �#�', .

/+�0#�',�
<$sT � ��1*X �
��Q'� ��1� ��89� �#�$% �%�9#� B+% 0<f/j$;�1@+- t%$� 

�� �X1*.� 56$�6 �%Z�u;�� �
�+	<$v:"kg'jy°ff�J
"gg'ff°jz� �I$, ]1i"gk'df°ky�J"df/d'df°ky{$X 

���*, ���2� E1': �I$, �'�! G8''# H7�:$+# tI<� 
∗/3@J �]1M�� A8'�
1� :dyjgj|j|jdg� �$%�* :dg|ggkfe|gf�C+��$;C�< ��! �:hmoeinzadeh@uk.ac.ir 

]�#RC
 � �#}��*, �=1#�W+
�!����~s3T 0< �|ce�J���

 [
 D

O
I:

 1
0.

61
18

6/
ijc

m
.3

1.
3.

46
7 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
14

02
.3

1.
3.

4.
9 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
15

 ]
 

                             1 / 12

http://dx.doi.org/10.61186/ijcm.31.3.467
https://dor.isc.ac/dor/20.1001.1.17263689.1402.31.3.4.9
https://ijcm.ir/article-1-1668-fa.html


��� /+9� �(�13? A�<0 7<$
< �#�', ���- � �#�',�1@% �@.� 

�#<)5C,j.(56 ��Q'� 0< 74 71�<$+! �i�'� � $�6
&'# &'# �K+L�01M��! �/
$2��-$! ��16$6� (�� �%1#� (��

�	$%4 � K+L�01'# �K+L�0�W� �#< A8, 5+C�J $�$J<1- (��.
A�1J `�
$J �;+�<$6 � K
0�% (��/+�! ��16$6� �X1*.� ��

A�$- n13� ���+� `�
$J � K+L�01M��!8�< ./
< ��16$6� �X1*.�
 ��+,WJ�<1- ��+�12+3�4 ���+,�C+� �l+'6 0< �%��'J 5��,

 �
O�% B�% �� ��+,WJ�<1- � l+'6 � �'+
�! B�% ���#< .
&'#�#�� ��3
� K�4 �<$�1@)'- (��&'# � 5+, ��C�4

 �
<8+%�1J)&'#K+L�0�W� �%1#� (�� (���6��! �P�$�� ���-
�'C	< 8
8: � R
8I (��)�	$%4($�$J<1- (�� (��1� ��Q'�

�#�$% A8��,1! <�<8�]g[.
�+�12+3�4 ���%Z�1T �
O �
�� ��'- ��+, ���&'# (�� 

�
0�%�;� �/+'\*� �;��� (�� ��89� � A8, 5+C�J �� $[< 
(���$+� /+�0�;F�# ]�9	 �� ]1i �'�! �,$% �� �% ��Q'�
Z�1T /+D A��1F A8�4�� 8�<)5C,k��<.(5�6 �1:� (��

7��� ��Q'� �� 7<�<$	 (���$+� �$C@*X � ��Q'� �
�
1! A8'��
/+�0�#< ��Q'� �� �;F�# .5�6 � 0�� _:1� �1:1� (��

]�+# n13� 5+��J 78�4 �1:� �% �.+;� �� � �����#$6� �
��
 /�4 (��8+�-< 71D)5C,kE(�6� ��;
$@- (��)5C,k

�(&'# ���#< A8, ��Q'� (��.

�#�$% ^�� 
�#�$% �i �<89J ��
<$sT (��fd�+�12+3�4 0< ��1*� (��

&'# �#�$% � �,<�$% ��Q'�8�8, (��)� .(<$% � �	$6 �<$I
���- �
�+*+, _+-$J /++9J (�<89J $r� ��1� (�� 74 0< ��

 (<$%�
W.J �Q�� ((<%$),0<�$!W
� ���$;C�<�JEOL-
JX8600M V�;�� �%E�;, A8'�� jf���1@+- ���%�J 7�
$:
2×10-8 A �%=1@X B�% A�)��<� ��
0 b+s� � /+�0 

(�J�6���
 /!<V ]�#�< 8�8,.

�#�$% � �s% 
&'#(��)� 

�+�12+3�4 (�� ��Q'� �� ��1*� �;#� �% &�� A$+JW2# 8';�� 
�- �� B�% �
�� 0< ��Q'� �� $[< B
<8: ��16$6� ���- (�� 

A$+J ]12+3�4 �/,�� 0U-1
VU! 0< R� K+C3J A8,8�< ���
��1*� �;#� �� A8
� 8�1,)5C,kZ.(��1*� 0< �F$% �� (��

���- ��;+�12+3�4 8';�� 7�
�*� �
$+!1C��- � �
$+! (��
)5C,k�.(�+�12+3�4 8���� (�� S1� 0< A8, A

�� �+�12+3�41J��< 74 �� WJ�<1- ���- � 8',�% �% �
 ��+� ��
 ��<� �1:� Z�8��S<1�< �@T< ���4 5��, � �+�12+3�4 �+J1+% 

�+�12+3�4 8';��.

5C,j��< (/+�0 ���� �� �#�$% ��1� ��Q'� �+9I1� 7<$
< �#�', .E(/+�0 A8, A��# ���� �;	$6$% ���Q'� �#�', ���� 0<j:jddddd 
56 �$�6]|[.

 [
 D

O
I:

 1
0.

61
18

6/
ijc

m
.3

1.
3.

46
7 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
14

02
.3

1.
3.

4.
9 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
15

 ]
 

                             2 / 12

http://dx.doi.org/10.61186/ijcm.31.3.467
https://dor.isc.ac/dor/20.1001.1.17263689.1402.31.3.4.9
https://ijcm.ir/article-1-1668-fa.html


8@:��A��*, ��W+
�! ����� &'# �#�$%�*+, �(��)��.'#���	 ��� /+�0 � ���- . . .��� 

5C,k��< (�
O /+% �� �+�12+3�4 �
O ($+6�<$I ��Q'� �� ��89� A��� � ��+, (��)E1': �*# �% 8
�(E �(&'# �� /�4 8+�-< ��[4 (��
� ���Q'� �;+�12+3�4 (�;
$@- ���#$6� ��[4)Chl ( (WJ�<1- �6� �% A<$*�)Qz (�;+�12+3�4 ��1*� ��.Z(���- 0< �
�*� � ]12+3�4 A$+J (��

&'# 0< �;#� ��1*� �� 0U-1
VU! /,�� � ���Q'� �;+�12+3�4 (�� (�
$+! (���1@%)Py ( �
$+!1C��- �)Ccp (�+�12+3�4 �;#� ��1*� ��.

�+�12+3�4 
�+�12+3�4 �� ���Q'� (��(���1@% �;3C, �% ]12+3�4 Z�1T

�v+J�*+� (�1�'� � (<5C,J �<�5C, �W2# &�� �% �<�HA1�I -
�'+�0 �� (< �	�% � A8, 53I R� �� �0U-1
VU! 0< (< ��<�

�;3C, ��;3C, �I�� A�$- ��.
< 8�<)5C,(�� gE � ��<(.
8'@2��1� ���-cdHff<� ��C#�$C+� ti��� �*.> 8T��
 A�<� 5+C�J�5- �� ��*+� 5C,�% �J �<� �5-�� 7�8% �5C, 

7�8% ��Q'�(8'% �% ��)��8'DW2# HA1�I W2# � (<H�%4 �% ���

(�;#<� �1*X$+? ���#< ti��� �Y9% �� ��K
(�;#<� A8
�
���1, .��8> gfHgd�;+�12+3�4 ti��� �*.> 8T��<�

��0U-1
VU!�� 5��,_@?< �- 8�1, �*+� ���6 � 5C, 7�8%
5C,� �<���Q'� 7�8%(8'% 8';�� .���- �� �X$	 (��
3�4�+�12+ (���#�$% �WJ�<1- �/3#< ��+J1+% 5��, A8,

���- � /+����1J �8- (��8';�� �-5- �� ��8> �f8T��
�� 5+C�J <� ti��� �*.> 8'��.

 [
 D

O
I:

 1
0.

61
18

6/
ijc

m
.3

1.
3.

46
7 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
14

02
.3

1.
3.

4.
9 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
15

 ]
 

                             3 / 12

http://dx.doi.org/10.61186/ijcm.31.3.467
https://dor.isc.ac/dor/20.1001.1.17263689.1402.31.3.4.9
https://ijcm.ir/article-1-1668-fa.html


��� /+9� �(�13? A�<0 7<$
< �#�', ���- � �#�',�1@% �@.� 

�+J1+% �+�12+3�4 
&'# /
<�+�12+3�4 $
�# �% �2�� �� �� <� �W��$% /
$;�+% ��
<� ��Q'��;, �	�% _@?< ���<��;3C, 8��<� .7�W	< $%/
< 

�	�%�<��C,4 B
<�4 (0<1� ��	�% �;3C, �I�� W+� 7��� ��-
8'��.�+J1+% �+�12+3�4 A8��<�$%�� ��H���% 8'@2��1� 8T��

 A0<8�<�/�0< B+% �J��@+� �$;���H���� 0U-1
VU! 8T��
 A0<8�<�/��J��@+� �$;���A0<8�< �% �+J1+% 8T����/��J�
�@+� � $;��- 8T����� �/+����1J 5��, �
1��[ � �X$	 (��

���- � �+�@- ��+�
$# ��
$@- �Z�8+!< �/3#< �8- (��
�#< ./+����1J ti��� �Y9% �� ��(8'% ��Q'� �� 7��� 8'��

 �% �:1J �% ��#�$%/+�+! (�� ]f[�� �
�<�� S1� 0<
 �
�*6��$+?8';�� )5C,��(.�+J1+% �� _@?< ��(�;#<� 

�6�<16$% �%A8, 5
82J �
$@- 8�<)5C,�Z(�% �:1J �% �
�#�$% (�13? (��]c[R
W+'� S1� 0< �<�8';�� .���Y9% 
ti�����+J1+% �+�12+3�4����$[< ���#$6� 8
8, �% Z�8+!< �
�
$@- 5
82J A8, �Z�8+!< �+�12+3�4 5+C�JA�<� 8�< �- /
< 
b%<�� ��'-<� 8�<1, 0< ��16$6� A8��$�! 8> �� A���F�

 ��Q'� �� �+�12+3�4 Z�8+!<8';��.

�*+,]12+3�4 ���- 
&'# `�#<$%&'# �#�', K
 ]12+3�4 �K+	�� ��16$6� (��

�% oF�, ���- �� E��> 8
4 .���- �% ]12+3�4 A�$6 (��
 �@- ]1�$	AB2C5T8O22W2A8, �	$9� 8�<]e[A�)
�: �-

A�%Na, K, Ca, Pb, Li A�)
�: �B�%Na, Ca, Mn+2,
Fe+3, Mg, Li A�)
�: �C�%Mg, Fe2+, Mn, Al, Fe+3,

Mn+2, Cr, Ti +4, Li A�)
�: �TSi, Al, Ti+4, Be A�)
�: �
w�% W+�W= OH, F, Cl, O+2 8�1, �� ]�v,< .�X$	 $T�'X

 71DZr �Zn �Ni+2�Co+2�V+3�Sc �� �1Y> ]�*;>< W+�
 A�)
�:C�% 8��<� <� 71+J�- Z�1T.
�! $% $;�<��! �
B)Ca+Na(]12+3�4 �(�: A�$6 �# �� ��

�� 8�$+6]e[:j(�% �*+�@- ]12+3�4
BCa/

B(Ca+Na)≥0.75 �k(�*
8# ]12+3�4 H�*+�@-
�%0.75>Ca/

B(Ca+Na)>0.25 �g(�% �*
8# ]12+3�4 
0.25≥ BCa/

B(Ca+Na) ��1*� ]12+3�4 �`�#< /
< $% (��
56 ��Q'� �� �#�$% ��1�6 �� �� $�6�*
8# � �*+�@- A�$ H

8��<� �<$I �*+�@-)]�8: (��j�k.(

5C,gE � ��< (53I R��� (���1@% �+�12+3�4 �� ]12+3�4 A8, ti��;� A8+2QI �1� �� _+J$J �% ���Q'� (��(xpl) �s3T A8+2QI �1� �(<
(ppl) .�(/+����1J (8'% ��Q'� (<�<� (�� �+�12+3�4 �+J1+% �� ��.Z(1+%�+J1+% �� A8, �;
$@- �+J �+�12+3�4 ��.

 [
 D

O
I:

 1
0.

61
18

6/
ijc

m
.3

1.
3.

46
7 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
14

02
.3

1.
3.

4.
9 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
15

 ]
 

                             4 / 12

http://dx.doi.org/10.61186/ijcm.31.3.467
https://dor.isc.ac/dor/20.1001.1.17263689.1402.31.3.4.9
https://ijcm.ir/article-1-1668-fa.html


8@:��A��*, ��W+
�! ����� &'# �#�$%�*+, �(��)��.'#���	 ��� /+�0 � ���- . . .��� 

]�8:��Q�� �
W.J a
�;� ]12+3�4 (< ���*+�@- (�� �1:1�56 789� �+�12+3�4 $�6.
نمونه SiO2(wt.%) TiO2 Al2O3 FeO MnO MgO CaO Na2O K2O مجموع

GQ2-10-1 59/45 80/0 87/10 56/17 18/0 00/10 20/10 30/2 70/0 2/98
GQ2-10-1 84/45 87/0 46/10 40/18 10/0 30/10 82/10 16/2 72/0 ١٦٫٨٩67/99
GQ2-10-1 52/45 58/0 13/11 29/16 19/0 17/10 26/11 12/2 58/0 84/97
GQ2-10-2 24/46 76/0 81/10 34/18 15/0 70/10 03/10 10/2 59/0 10.81 
GQ2-10-2 61/45 73/0 23/11 23/18 09/0 30/10 63/10 15/2 72/0 9.52 
GQ2-10-2 58/44 71/0 26/12 57/18 21/0 89/9 66/9 31/2 69/0 88/98
GQ3-13-1 25/47 63/0 13/11 39/17 23/0 09/10 19/10 51/2 48/0 18.31 
GQ3-13-1 65/47 55/0 58/10 28/17 14/0 31/10 20/10 10/2 42/0 23/99
GQ3-13-1 06/47 65/0 40/10 81/17 17/0 13/10 34/10 35/2 45/0 17.09 
GQ3-13-1 91/46 53/0 59/10 94/17 22/0 07/11 18/9 19/2 45/0 08/99
GQ3-13-1 89/46 60/0 29/10 24/16 16/0 97/10 21/10 17/2 49/0 02/98
GQ3-13-3 29/47 70/0 43/10 66/17 25/0 04/10 32/10 23/2 47/0 39/99
GQ3-13-3- 85/46 52/0 64/10 43/17 16/0 23/10 59/10 30/2 42/0 33.98 
GQ3-13-3- 23/47 46/0 97/10 65/16 18/0 89/10 69/10 99/1 46/0 52/99

GQ3-13-3 06/47 51/0 56/10 09/16 24/0 25/11 66/10 24/2 49/0 11.16 
GQ3-13-3 23/46 38/0 30/10 05/18 12/0 69/10 59/10 14/2 53/0 7.58 
GQ3-13-6 30/46 58/0 37/10 49/17 21/0 15/11 31/10 48/2 43/0 32/99

GQ3-132 18/47 64/0 47/10 23/17 25/0 39/10 33/10 23/2 45/0 -106.86 
GQ3-13 10/45 55/0 00/12 12/17 12/0 85/9 69/10 52/2 54/0 49/98
GQ4-12 15/44 40/0 46/13 01/16 07/0 71/9 54/9 40/3 30/0 04/97
GQ5-1-5 56/44 81/0 74/10 20/19 25/0 25/9 30/10 43/2 78/0 32/98
GQ5-1-6 80/44 48/0 90/11 57/17 17/0 90/9 88/10 31/2 70/0 71/98
GQ5-1-7 05/46 63/0 20/11 88/17 22/0 42/10 63/10 10/2 59/0 72/99

GQ2-14 64/44 84/0 48/11 77/18 32/0 59/9 27/10 22/2 78/0 91/98
GQ2-15 34/45 69/0 01/11 82/17 15/0 09/10 83/10 99/1 76/0 68/98
GQ2-16 56/45 62/0 48/11 60/17 16/0 30/10 13/10 03/2 45/0 -1.06 
GQ6-1-1 49/44 85/0 44/11 85/19 31/0 79/8 39/10 88/1 98/0 98/98
GQ6-1-1 34/44 54/0 36/11 48/20 38/0 73/8 52/10 30/2 96/0 33.77 
GQ6-1-1 30/45 73/0 00/11 82/18 37/0 26/9 43/10 31/2 92/0 25.91 
GQ6-1-1 05/44 70/0 09/12 51/20 45/0 24/8 63/10 07/2 98/0 14.21 
GQ6-1-2 62/43 97/0 63/11 50/20 40/0 98/8 61/10 10/2 96/0 30.02 
GQ6-1-2 93/43 94/0 95/9 20/20 41/0 38/8 47/10 30/2 97/0 55/97
GQ6-1-2 23/43 91/0 41/10 74/19 38/0 20/9 37/10 50/2 92/0 36.45 
GQ6-1-2- 03/46 80/0 28/10 19/19 29/0 31/9 87/10 79/1 82/0 95.01 

GQ7-4-1 15/46 83/0 00/11 31/17 33/0 65/10 64/10 04/2 61/0 56/99
GQ7-4-1- 10/46 71/0 02/11 30/17 32/0 62/10 81/10 90/1 65/0 43/99
GQ7-4-1- 69/45 75/0 97/10 85/17 39/0 56/10 79/10 06/2 59/0 65/99
GQ7-4-1- 54/46 75/0 47/10 25/17 39/0 93/10 47/10 00/2 60/0 21.34 

GQ7-4-3 03/45 94/0 28/11 73/17 33/0 35/10 76/10 90/1 70/0 02/99
GQ7-4-3 36/46 74/0 07/11 35/17 34/0 81/10 64/10 95/1 68/0 94/99
GQ7-5-2- 99/45 84/0 33/11 43/17 20/0 36/10 96/10 99/1 77/0 119.93 
GQ7-5-2- 59/45 74/0 01/10 66/17 23/0 94/10 88/10 84/1 66/0 107.49 
GQ7-5-2- 13/45 41/0 18/11 33/18 19/0 03/10 45/11 91/1 52/0 99.15 

GQ7-5-2 54/49 34/0 83/5 61/17 37/0 67/11 08/11 33/1 39/0 54.11 
GQ7-5-2 03/48 60/0 13/10 80/16 26/0 44/11 80/10 34/1 44/0 45.36 
GQ7-5-2 77/45 94/0 22/11 34/17 33/0 72/10 67/10 06/2 72/0 15.61 
GQ7-5-2 60/46 84/0 64/10 77/15 30/0 34/11 58/10 89/1 65/0 61/98
GQ7-5-2 65/46 81/0 02/10 19/17 33/0 01/11 86/10 15/2 69/0 11.92 
GQ8-11- 09/50 38/0 36/10 47/8 12/0 02/16 34/11 83/1 35/0 96/98
GQ8-11- 30/50 40/0 79/9 81/7 21/0 70/15 87/11 64/1 36/0 08/98

GQ8-11 09/50 41/0 12/10 92/8 17/0 68/15 00/12 72/1 39/0 5/99
GQ8-11- 18/50 41/0 37/10 01/9 16/0 39/15 23/11 74/1 38/0 82.86 
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]�8: ��<�<j`�#< $% 71+J�- �2#�s���7 +�-<.
نمونه Si(apfu) Ti Al Fe Mn Mg Ca Na K

GQ2-10-1 56/6 09/0 88/1 20/2 02/0 24/2 69/1 64/0 14/0
GQ2-10-1 56/6 09/0 93/1 20/2 01/0 20/2 66/1 60/0 13/0
GQ2-10-1 72/6 06/0 94/1 01/2 02/0 24/2 78/1 61/0 11/0
GQ2-10-2 61/6 08/0 82/1 19/2 02/0 28/2 69/1 58/0 11/0
GQ2-10-2 52/6 08/0 89/1 30/2 01/0 20/2 63/1 60/0 13/0
GQ2-10-2 44/6 08/0 09/2 24/2 03/0 13/2 49/1 65/0 13/0
GQ3-13-1 67/6 07/0 85/1 05/2 03/0 33/2 54/1 69/0 09/0
GQ3-13-1 76/6 06/0 73/1 04/2 02/0 39/2 57/1 57/0 07/0
GQ3-13-1 71/6 07/0 75/1 12/2 02/0 33/2 58/1 65/0 08/0
GQ3-13-1 67/6 06/0 77/1 13/2 03/0 34/2 40/1 60/0 08/0
GQ3-13-1 81/6 07/0 76/1 97/1 02/0 37/2 59/1 61/0 09/0
GQ3-13-3 66/6 07/0 83/1 08/2 03/0 32/2 56/1 67/0 08/0
GQ3-13-3- 67/6 06/0 78/1 09/2 02/0 38/2 61/1 63/0 08/0
GQ3-13-3- 76/6 05/0 85/1 99/1 02/0 32/2 64/1 55/0 08/0
GQ3-13-3 84/6 05/0 77/1 92/1 03/0 39/2 63/1 62/0 09/0
GQ3-13-3 61/6 04/0 90/1 16/2 01/0 28/2 62/1 59/0 10/0
GQ3-13-6 66/6 06/0 76/1 10/2 03/0 39/2 59/1 69/0 08/0
GQ3-132 76/6 07/0 73/1 02/2 03/0 38/2 55/1 61/0 08/0
GQ3-13 60/6 06/0 07/2 10/2 01/0 15/2 68/1 72/0 10/0
GQ4-12 50/6 04/0 34/2 97/1 01/0 13/2 51/1 97/0 06/0
GQ5-1-5 59/6 09/0 87/1 38/2 03/0 04/2 63/1 70/0 15/0
GQ5-1-6 56/6 05/0 05/2 15/2 02/0 16/2 71/1 66/0 13/0
GQ5-1-7 62/6 07/0 90/1 15/2 03/0 23/2 64/1 59/0 11/0
GQ2-14 52/6 09/0 98/1 29/2 04/0 09/2 61/1 63/0 14/0
GQ2-15 63/6 08/0 90/1 18/2 02/0 20/2 70/1 56/0 14/0
GQ2-16 54/6 07/0 94/1 23/2 02/0 20/2 67/1 56/0 14/0
GQ6-1-1 53/6 09/0 98/1 44/2 04/0 92/1 63/1 53/0 18/0
GQ6-1-1 53/6 10/0 93/1 47/2 05/0 93/1 62/1 64/0 18/0
GQ6-1-1 57/6 09/0 88/1 40/2 04/0 00/2 66/1 65/0 17/0
GQ6-1-1 46/6 08/0 09/2 52/2 06/0 80/1 73/1 59/0 21/0
GQ6-1-2 45/6 11/0 98/1 48/2 05/0 94/1 64/1 69/0 18/0
GQ6-1-2 63/6 11/0 77/1 55/2 05/0 89/1 69/1 67/0 19/0
GQ6-1-2 54/6 10/0 94/1 39/2 05/0 98/1 61/1 70/0 17/0
GQ6-1-2- 64/6 09/0 92/1 32/2 04/0 00/2 68/1 50/0 15/0
GQ7-4-1 64/6 09/0 87/1 08/2 04/0 28/2 64/1 57/0 11/0
GQ7-4-1- 64/6 08/0 87/1 08/2 04/0 28/2 67/1 53/0 12/0
GQ7-4-1- 59/6 08/0 86/1 15/2 05/0 27/2 67/1 58/0 11/0
GQ7-4-1- 62/6 08/0 76/1 17/2 05/0 32/2 60/1 55/0 11/0
GQ7-4-3 54/6 10/0 93/1 15/2 04/0 24/2 67/1 53/0 13/0
GQ7-4-3 63/6 08/0 87/1 08/2 04/0 30/2 63/1 54/0 12/0
GQ7-5-2- 57/6 09/0 91/1 20/2 02/0 21/2 68/1 55/0 14/0
GQ7-5-2- 78/6 08/0 68/1 10/2 03/0 32/2 66/1 51/0 12/0
GQ7-5-2- 73/6 04/0 88/1 19/2 02/0 14/2 75/1 53/0 09/0
GQ7-5-2 35/7 04/0 98/0 10/2 04/0 48/2 69/1 37/0 07/0
GQ7-5-2 75/6 06/0 78/1 97/1 03/0 40/2 63/1 51/0 08/0
GQ7-5-2 58/6 10/0 90/1 08/2 04/0 30/2 71/1 57/0 13/0
GQ7-5-2 72/6 09/0 81/1 90/1 04/0 44/2 63/1 53/0 12/0
GQ7-5-2 64/6 09/0 85/1 05/2 04/0 34/2 66/1 59/0 12/0
GQ8-11- 95/6 04/0 70/1 98/0 01/0 31/3 69/1 49/0 06/0
GQ8-11- 09/7 04/0 63/1 92/0 03/0 30/3 79/1 45/0 06/0
GQ8-11 98/6 04/0 66/1 04/1 02/0 26/3 79/1 46/0 07/0
GQ8-11- 93/6 04/0 69/1 04/1 02/0 28/3 76/1 47/0 07/0

 [
 D

O
I:

 1
0.

61
18

6/
ijc

m
.3

1.
3.

46
7 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
14

02
.3

1.
3.

4.
9 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
15

 ]
 

                             6 / 12

http://dx.doi.org/10.61186/ijcm.31.3.467
https://dor.isc.ac/dor/20.1001.1.17263689.1402.31.3.4.9
https://ijcm.ir/article-1-1668-fa.html


8@:��A��*, ��W+
�! ����� &'# �#�$%�*+, �(��)��.'#���	 ��� /+�0 � ���- . . .��� 

]�8:��Q�� �
W.J a
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GQ4-12 نمونه GQ3-13 GQ3-13 GQ8-11 GQ4-12 GQ4-12 GQ4-12 GQ4-12 GQ4-12

SiO2(wt.%) 18/44 22/40 71/39 70/40 35/45 61/44 99/43 73/44 97/44 
TiO2 40/0 74/1 74/1 05/1 32/0 38/0 31/0 28/0 34/0
Al2O3 04/14 33/15 43/15 85/16 96/12 54/13 69/13 25/13 99/12 
FeO 36/17 66/16 86/16 46/9 10/17 44/16 62/16 68/16 35/16 
MnO 07/0 00/0 00/0 05/0 08/0 07/0 17/0 19/0 11/0
MgO 83/9 65/13 40/13 24/18 64/10 28/10 40/10 66/10 69/10 
CaO 63/9 16/0 16/0 18/0 46/9 50/9 56/9 38/9 24/9
Na2O 26/3 17/0 21/0 26/0 49/3 19/3 34/3 10/3 18/3
K2O 32/0 02/9 98/8 27/9 30/0 28/0 34/0 37/0 24/0
 11/98 64/98 42/98 29/98 7/99 06/96 49/96 95/96 09/99 مجموع

Si(apfu) 36/6 57/5 53/5 48/5 47/6 45/6 36/6 42/6 48/6
Ti 04/0 18/0 18/0 11/0 03/0 04/0 03/0 03/0 04/0
Al 38/2 50/2 53/2 68/2 18/2 31/2 33/2 24/2 21/2
Fe 09/2 93/1 96/1 07/1 04/2 99/1 01/2 00/2 97/1
Mn 01/0 00/0 00/0 01/0 01/0 01/0 02/0 02/0 01/0
Mg 11/2 82/2 78/2 66/3 26/2 21/2 24/2 28/2 29/2
Ca 49/1 02/0 02/0 03/0 45/1 47/1 48/1 44/1 43/1
Na 91/0 05/0 06/0 07/0 97/0 89/0 94/0 86/0 89/0
K 06/0 59/1 60/1 59/1 05/0 05/0 06/0 07/0 04/0
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/∑B8';��

]e[.]12+3�4 $;�+% ��1� (���#�$% �+�12+3�4 �� 789� (��
56+�@- S1� 0< $�6�*_+-$J (<�<� �8'@2��1�1
W')� A�1% �

�<89J�*- ��A$;�6 tI<� �+#�6<��!8';��) .5C,|��<.(
A8*X B�% ����1@% /
< �� 0< (<(�� A�)
�: T�% � R+�+@+#

 A�)
�:C��1*� �*� �� ���%�� ]�v,< R
W+'� �1, .W-$*J
 �� R+'+�1�4 $;�+%A�)
�: T�% �Z�1TAlIV �#< .�D$6<

$;�+% �� R
8#A�)
�: A(�:���$+6 � R
8# $
���� �
R+#�;!A�)
�: �� A�#< /+
�! ��+�% .(���1@% _+-$J $++vJ

 �% W-$� 0< ]12+3�4�2� � 8'@2��1�1
W')� ��+#�6<��! Z�1T �%
 �+�1�$JA8
� ���1, .$
���� B
<W	< �% A<$*� Z<$++vJ /
<Ca 

)gy/j8T�� �J W-$� ��ey/j8T�� ���2�(�Si )fg/c8T��
 �J W-$� ��dz/e8T�� ���2� ($
���� B��- �Na )ed/d

8T�� �J W-$� ��fd/d8T�� ���2� (�Al )yg/j8T�� ��
 �J W-$�yz/d8T�� ���2� (�#< )5C,|E.($++vJ B
<W	< �

� A8��$�+!�<8� R+�+@+#)fg/c�� 8T�� �J W-$�dz/e8T��
�2� �� (]12+3�4 /
< �� /
< 8,� �i ��� B��- $)��+% ���

 �% W-$� 0< ���1@%�2� �#<]z[.

]12+3�4 ��
8# (�*H+�@-�*
b
<$, /;	$6 $r� �� �%0.75> B(Ca+∑M2+)/∑B≥
0.25,BCa/∑B≥B∑M2+/∑B]12+3�4 0< (�<89J ��1� (��
 �*
8# A�$6 $
0 �� �#�$%H�*+�@- �� �<$I 8�$+6]e[.

`�#<$% c(Al+Fe3+ +Ti) �% �2�� A(Na+K+2Ca) �_+-$J
]12+3�4 �*
8# (��HA$;�6 �� �#�$% ��1� ��Q'� �*+�@-

��<� �<$I �+\'
� )5C,|�.(A�)
�:(�� T�C%�
71+J�- A8, $! R
W+'� � R+�+@+# (��8�<.����1@% /
< ��
A�)
�: A$;*- R+#�;! � R
8# S1*.� � A�1% ���F _@?<�

�% $%<$%f/d�#< .��<8� 71+J�- �� �1:1� _��? (��A�)
�: B�

���*� +� 7��C
 ���1@%��.

���H.'#���	�
���	]12+3�4 ���- 0< A��3;#< �% �.'# 

�% ]12+3�4 ���- �
�+*+, _+-$J /++9J (<$% A�$;�6 Z�1T
&'# ���	 �% ��16$6� � /
�n4 (�� �� ��- ��� .%(<$ ]����
$u'X t
01JAl ]yHjj[�NaB)]jk�jg[(]12+3�4 ���- ��
 ���	 t%�J� �#< �.+;� �����4 `�#<$% �����	 �% 7<1J
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f��<.(�<�1*�NaB (NaM4)�2���%AlVI+Fe+3+2Ti+Cr 
7��� W+� b#1;� ���	 A8'���J]12+3�4 (<$% /+
�! �1:1� (��

�+�12+3�4 �� �#< ��Q'� (��)5C,fE.(
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