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7 4�#$	 B�C

��14C� .L43 �
( q��K �	�' �C��(�B()&25�g(#�3/=
B��� �3( .R=L43 �
( �� �/f/� B�C!RP/
S _�' �� �C

"15 �>
�/3/3 g1-' B7P$�1�( .�/)' �5�� B�C
"15 W�3$%� � �(�#( # � ) 	/>�O �' ��P#$ =/4 )P1�()&25

��(g�/\' #>5�8�( &'�F �"1
�14>�C .�
/ �( B�C�/)'
> �,�1
(�# "15 �C�% W�3$%� � ) 	/>�O # � >��=$3 �' 

"151�( .

P($9� :� P($9 "14C� & 2-9 �)Q( ���P��T31)	 �CU 3�>= 
�3( .� P($9 �� q��K �	�' �C�,437
� ���
$f B$ 	�/= 

)&25�@(�3( �> P($9 #.L43 �
( ���C��5�8�( # 79�(/P 
g�4'$P B�C�5�� &'�F ���3$%� !( "1
��3( .!( �?$' ��
��/E��C�g�4'$P # �C79�(/P B�C"1�O$'3$%� !( $py ����"B�C 

� P($9 �� �/f/�"�$P $= (� �C1�( .L43 �
( ���C����P B�C
"15 W�3$%� �CO1 �P( # �
$)P �' �
7 4�#$	1�( .� 4�EC

�5�8�( 79�(/P W/�($ = �CO 1 �P( �' W�3$%� �
7 4�#$	 ���P 
7 �"1
����/5)&25��.(

� �($% :� �($%���P �' !RP/9�( # 79�(/P &��5 �)Q( B�C
�
( �� � 9/ ' # !RP/
SR= "($E�'��J4��3�45 &'�F 
�3( �.

L43 �
( q��K �	�' �C��(�B()&25��(�3( .

 [
 D

O
I:

 1
0.

52
54

7/
ijc

m
.2

8.
4.

89
5 

] 
 [

 D
O

R
: 2

0.
10

01
.1

.1
72

63
68

9.
13

99
.2

8.
4.

7.
3 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
03

 ]
 

                             4 / 12

http://dx.doi.org/10.52547/ijcm.28.4.895
https://dor.isc.ac/dor/20.1001.1.17263689.1399.28.4.7.3
http://ijcm.ir/article-1-1556-fa.html


1)fi�"��E5 �mW�>��! ��n�� �3�$' L43 B�CL43 �3�45 # M 	�� �
�NO B�C �)	M. . .���

���� � G6� 
�
�>� �`� E 5 �
7<9imL43 !( ��/E� ��J4� B�C �($F

>� �P 14>	$%��/E� 7 ���O �
� D#1f �� B�C��3( "15 "��#O .
"�� B($'L43 B14' $Q�40 B�C1 �P( �(�/E� !( ��J4� B�C

 �)Q()^/E<� �(�/E��
� )F�' �8�� �C SiO2(15 "��p>3( .

�(�/E� s�3($'Hf$� B�C ]��[��/E� ���/� B�C�3�$' �� 
"$>�% #$'�% # ��(!�' )&25B�C tA # ��( (#�f/9 �'�'
�(�/E�Hf$� B�C ]�t[��/E� q P$9 ���/� B�C�3�$' � �($% 

�3( "15 �  :9 � P($9 #)&25B�C tg # �.(

+�4H3��/E� ���� �P�? # A� EP ��)Q( $Q�40 �
� E 5 �
7<9 �
�>���(!�' B�C (BAS) #$'�% #(GAB) 
��/E� BAS-1 BAS-2 BAS-3 BAS-4 BAS-5 BAS-6 GAB-1 GAB-2 GAB-3 GAB-4 GAB-5 GAB-6 

SiO2(%) m�,ji �i/m� ��/m� �i/m� �i/m� jj/m� j/j� �/j� ��/ji ��/j� �i/ji ��/m�
Al2O3(%) ��/�� i�/�� m�/�� ��/�� ��/�� mm/�� �i/�� ��/�� ��/�j mm/�� �i/�j mn/��
CaO(%) im/�� ��/�� i�/�� mm/�� ��/� �i/�� n�/� n�/� �/� �m/� ��/� m�/�

Fe2O3t(%) ��/�� �i/�� ��/�� ��/�� mm/� ��/� jj/� ��/� �i/� ��/� j�/� �m/�
K2O(%) i�/� im/� �i/� �m/� m�/� �n/� ��/i ��/i ��/n j�/i ��/i �m/i
MgO(%) ��/�m j�/�m ��/�m ��/�m mm/�n ��/�m ��/j ��/j mm/j ��/j n�/j nm/�
MnO(%) �m/� ��/� ��/� �j/� �m/� �j/� �n/� �n/� �m/� �j/� �m/� ��/�
Na2O(%) j�/� ��/� j�/� m�/� ��/� j�/� ��/i ��/i �m/i j�/i �i/n n�/i
P2O5(%) i�/� i�/� i�/� ni/� im/� ij/� nj/� n�/� n/� m�/� ni/� n�/�
TiO2(%) �i/� ��/� �i/� �i/� ��/� ��/� ��/� �n/� ��/� �m/� �i/� ��/�

L.O.I �i/� mi/� �/� �j/� �/� �j/� ��/� �/� ��/� �j/� �j/i m/�
Ag(ppm) �/� �/� �/� �/� �/� �/� n/i m/i �/i �/n i/i m/i
As(ppm) �/� n/� �/j m/� �/� m/� �/�i n/�i �/�n �/�� �/�m m/�i
Ba(ppm) mn� mn� m�i m�i mm� mnm ��� ��j ��i �m� ��j ���
Be(ppm) i/� i/� n/� �/� m/� i/� �/� �/� �/� n/� �/� �/�
Bi(ppm) i/� i/� n/� m/� i/� n/� n/� n/� i/� i/� m/� n/�
Cd(ppm) < �/� < �/� i/� �/� n/� < �/� < �/� i/� i/� n/� < �/� i/�
Ce(ppm) nj n� nm n� n� nn m� mn jm �i mm n�
Co(ppm) �/mn i/mm �/m� i/m� m/m� �/mi j/i� �/i� �/ij �/i� i/i� �/n�
Cr(ppm) j�� j�� j�i j�m j�i j�� �j �� �� �� �m ��
Cs(ppm) n/n i/n �/n �/i m/n i/n n/� i/� m/� �/� j/� �/�
Cu(ppm) �n �� �m �m �� j� �� �� �� �i �� �m
Dy(ppm) �j/n ��/n ��/n ji/n �i/n ��/n ��/n �m/n ��/n ��/m �m/n j�/n
Er(ppm) ��/� ��/� �i/� j�/� ��/� ��/� �i/� �m/� ��/� �m/i ��/� �i/�
Eu(ppm) ij/� im/� n�/� m�/� �m/� i�/� nn/i n�/i m�/i j�/i n�/i �i/i
Gd(ppm) jj/n ��/n m�/n nn/n �m/n �i/n �/n ��/n �m/n ��/m ��/n j�/n
Hf(ppm) ��/� ��/� jm/� m�/� �m/i �i/� �i/i �m/i ��/i �m/i �m/i �i/i
In(ppm) < j/� < j/� < j/� < j/� < j/� < j/� < j/� < j/� < j/� < j/� < j/� < j/�
La(ppm) �j �� �� �� i� �� �� �� i� ij i� ��
Li(ppm) �� �� �� i� �� �� i� i� im i� i� n�
Lu(ppm) ii/� im/� i�/� ��/� ni/� im/� i�/� i�/� i�/� n�/� i�/� i�/�
Mo(ppm) �/� j/� m/� j/� �/� �/� �/i n/i �/i �/i m/i ½
Nb(ppm) �/� j/� i/� �/j i/� �/� �/� n/� i/�� m/�n i/�m m/�
Nd(ppm) �/�j �/�j �/�m �/�m �/�� �/�j �n/�� ��/�� �/�� �i/�� �m/i� ni/��
Ni(ppm) i�i i�� i�� i�� i�i i�� n� n� i� i� i� mi
Pb(ppm) �j �� �� j� �m �m �� �� �� �m �j �m
Pr(ppm) ji/n j�/n n�/n �i/n �i/m ��/n ��/m �m/m ��/j �m/j ��/m ��/n
Rb(ppm) i� i� ij im i� i� ji jj �� �� j� mm
S(ppm) ��� �i� �nm �m� ��� ��i ���� ��i� ��i ��n ��� �im�

Sb(ppm) < j/� < j/� �/� �/� < j/� �/� �/� �/� �/� �/� �/� �/�
Sc(ppm) �/td �/m� �/mi �/mj i/m� i/m� �/ij m/ij �/in m/ii �/im �/i�
Se(ppm) � �i/� �m/� ��/� ��/� �m/� �m/� ��/� �m/� i�/� �i/� ��/�
Sm(ppm) jm/n j�/n mm/n n�/n ��/n ��/n �m/j �i/j ��/j �m/� i�/j �i/m
Sn(ppm) �/� �/� �/� �/� �/� �/� �/� � n/� m/� i/� �
Sr(ppm) n/m�m �/m�� i/j�� m/j�j i/m�� m/m�� �/�m� i/�mm ��i i/��� �/��� �/��m
Ta(ppm) �i/� �n/� ��/� �i/� �m/� ��/� �n/� ��/� ��/� ��/� �i/� ��/�
Tb(ppm) jj/� j�/� j�/� m�/� ��/� ��/� j�/� j�/� j�/� ��/� �j/� mm/�
Te(ppm) m�/� mj/� jj/� ��/� n�/� mi/� m�/� m�/� j�/� m�/� m�/� m�/�
Th(ppm) �m/i ��/i n�/i �i/i ��/i ��/i jm/n ��/n ��/n ��/n j�/n i�/n
Ti(ppm) m�n� m��� j�mj jn�� m��i m��m j��� j��m j�i� ji�m j��m �i��
Tl(ppm) < �/� �m/� ��/� �n/� �i/� ��/� ��/� ��/� �j/� �i/� ��/� n�/�
Tm(ppm) i�/� i�/� ii/� i�/� i�/� i�/� i�/� i�/� i�/� n�/� i�/� ��/�
U(ppm) �/� �/� �/� �/� �/� �/� �/� �/� �/� �/� �/� �/�
V(ppm) ��� ��� i�� i�m ��� ��m i�i i�m i�� ��m i�i in�
W(ppm) �/� i/� �/� �/� n/� �/� � �/� i/� m/� � �/�
Y(ppm) �/�j �/�j �i/�m ��/�n ��/�� �/�j j/�� �/�� i/�� m/�� �/�� �/�m
Yb(ppm) m/i n/i �/i �/� i/n n/i �/i �/i �/i m/n �/i j/i
Zn(ppm) �j �� �� �i �m �m �jn �jj ��� ��i �j� �mm
Zr(ppm) �i �n �� j� �m �m �� �� �m �� �i �m
Ga(ppm) �n/�m �i/�j ��/�i �m/�� ��/�n �i/�j ��/�n �m/�m ��/�� �i/�� ��/�m �m/�j
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W(#�"�(!1Ey( �1
z� �"(/? W($
( �3�45 ���P # �3�45�/)' �)<� ���

 ��$9$+�4H 3�
� E 5 �
7<9 �
�>���/E� ���� �P�? # A� EP ��)Q( $Q�40 � �($% B�C (GNT) � P($9 #(TRC).
�E),E GNT-1 GNT-2 GNT-3 GNT-4 GNT-5 GNT-6 TRC-1 TRC-2 TRC-3 TRC-4 TRC-5 TRC-6 

SiO2(%) �t/�t ��/�n i�/�� ��/�i �i/�� im/�� m�/�i m�/�n �m/�� ��/�n �m/�i �m/�i
Al2O3(%) ��/�� �i/�� ��/�n ��/�i ��/�m m�/�n �i/�� ��/�� ��/�� �i/�� ��/�� ��/��
CaO(%) ��/� �i/� i�/� �m/� mi/� n�/� ��/� ��/� �i/� ��/� �/� ��/�

Fe2O3t(%) ��/m �j/m n�/j �j/j ��/j m�/j �j/j mn/� ��/� ��/j ��/j mm/�
K2O(%) ��/� �i/� �m/� ��/� �m/i ��/� ��/m ��/m �n/m �i/m ��/m mi/m
MgO(%) �m/� ��/� im/� i�/� n�/� n�/� ��/� ��/� ii/� ��/� i�/� ni/�
MnO(%) ��/� ��/� �i/� �n/� i�/� �i/� �n/� �i/� �m/� �i/� �n/� ��/�
Na2O(%) ��/m �i/m ji/m ��/m �i/m j�/m �j/j ��/j �i/j ��/� �/j ��/j
P2O5(%) �i/� �n/� ��/� ��/� �m/� ��/� �j/� �j/� ��/� ��/� ��/� ��/�
TiO2(%) �/� �i/� �m/� �n/� ��/� �m/� ni/� n�/� n�/� i�/� n/� n�/�

L.O.I ��/� �i/� ��/� ��/� �m/� �j/� ��/i n�/� ��/� �i/� �/� �i/�
Ag(ppm) �/n i/n �/n �/i �/n n/n i/i �/i m/i m/i i/i �/�
As(ppm) i/j n/j i/� �/j �/� �/m �/n �/n �/n �/n �/n ¼
Ba(ppm) ���� ��j� ���� ��j� ���� ��m� �n�� �nm� �n�� �n�j �n�� �n�j
Be(ppm) 6/� �/� m/� i/� �/� m/� m/n �/n �/n �/n i/n �/i
Bi(ppm) t/d m/� j/� n/� m/� j/� n/� n/� i/� m/� n/� m/�
Cd(ppm) < I/K < I/K �i/� ��/� < I/K < I/K < I/K IC/K IC/K IL/K < I/K < I/K
Ce(ppm) n�� n�i ni� nmj n�� nnj �j� �j� �mi �j� �m� �j�
Co(ppm) �/� �/� m/� �/� �/� �/i i �/� i/i �/� �/� �/i
Cr(ppm) �mi �mm �j� �m� ��i �jn nj nn n� nn n� n�
Cs(ppm) �/� �/� �/� �/� m/� j/� �/� �/� �/� �/� �/� �/�
Cu(ppm) �� �j ��i �� �ji ��i �� �� i� �j �� ��
Dy(ppm) �i/�� ji/�� nn/�� m�/�� �i/�� mm/�� �/� �m/� mm/� �j/� �i/� ��/�
Er(ppm) ��/� ��/� ��/� ��/� mi/� ��/� mi/m mm/m �i/m j�/m m�/m n�/m
Eu(ppm) n�/i nj/i ��/i mm/i �i/i ii/i j�/� �m/� nn/� ��/� jj/� ��/�
Gd(ppm) ��/i� ��/ij �i/in ��/ij ��/ii ni/ii �n/i nm/i �m/i m�/i �m/i ��/i
Ga(ppm) ��/i� �i/i� ��/im �m/i� �/n� mm/i� ��/im ji/ii �m/in ��/im �i/ii �m/i�
Hf(ppm) mi/i� �i/i� ��/�� �i/i� ��/�� im/�� ��/�� m�/�i n�/�� jm/�i im/�� ni/��
In(ppm) < M/K < M/K < M/K < M/K < M/K < M/K < M/K < M/K < M/K < M/K < M/K < M/K
La(ppm) ��i ��� ��m ��i ��i ��j �� �� �� �i �� �j
Li(ppm) 6/| �/j �/m m/j �/� i/� m/n �/n �/n i/n n/n �/n
Lu(ppm) �j/� ��/� �n/� �/� ��/� ��/� m�/� j�/� m�/� jm/� m�/� m�/�
Mo(ppm) � i/� m/� �/� �/� n/� �/� j/� �/� �/� m/� �/�
Nb(ppm) �/i�� �/i�� �/i�� i/i�� �/��i �/i�� �/��n �/��i �/��� �/�i� i/��m �/��j
Nd(ppm) j/��m �/��n �/��� i/��j �/��� m/��� �/�� �/�� j/�� m/�� j/�� �/��
Ni(ppm) n n j n m n n n m n m m
Pb(ppm) nm nj n� nn i� nm im in i� in ij im
Pr(ppm) ��/m� mm/m� m�/n� �m/mj ��/n� �m/mm �i/�� �i/�� �m/�� �m/i� ��/�� �j/��
Rb(ppm) nj n� nn n� n� m� �m �� �m ��i �� �i
S(ppm) 6|| ij� in� ij� i�� imm ��� ��� �i� ��m ��� ���

Sb(ppm) �/d �/d �/� �/� �/� �/� �/� �/� �/� �/� �/� �/�
Sc(ppm) < M/K < M/K < M/K < M/K < M/K < M/K < M/K < M/K < M/K < M/K < M/K < M/K
Se(ppm) �m/i ��/i i�/i ��/i �m/i ��/i ��/� �n/� mi/� j�/� �m/� ��/�
Sm(ppm) j�/nj ��/nm ��/i� ��/nm �i/i� n�/nm ��/�j ��/�j �n/�m ��/�j ��/�j ��/�m
Sn(ppm) �/i� �/i� �/�� �/i� i/�� �/ii �/� m/� �/� n/� �/� i/�
Sr(ppm) �/nm �/nn �/n� �/ni �/m� i/nj �/i� i/i� �/i� n/ij m/i� i/i�
Ta(ppm) �n/�j �m/�j ��/�n �i/�m ��/�i �i/�m ij/� ��/� �i/� �m/� n�/� mi/�
Tb(ppm) im/n ��/n �m/i �i/n ji/i n�/n ��/� j�/� nm/� ��/� j�/� ��/�
Te(ppm) mi/� mm/� ni/� m�/� n�/� mj/� ��/� ��/� �m/� ��/� ��/� ��/�
Th(ppm) ��/�� �i/�� m�/�n �m/�� �m/�i �i/�� j�/� mm/� mi/� �m/� �m/� ��/�
Ti(ppm) j�� j�� ��m j�� �mj j�i ��i� ��n� i��m ���� ��m� ��j�
Tl(ppm) �i/� �n/� �m/� �i/� �n/� �m/� nm/� n�/� mm/� nn/� n�/� nj/�

Tm(ppm) �n/� �m/� ��/� �m/� �m/� i�/� j�/� jm/� m�/� j�/� ��/� j�/�
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