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" �A,H �$
se,<&� ��&$" �$ ��"� �&$ dD �%:�D "� �P�B �1:	�
 ��A *

�<� 8�!��%D�.
�'H,'$�DH �) * 2''v��,929� ;,('E�F I'7!H��4 * ��" 

�%:�D I74 8*�$ �-. /'<D �$ .���F�,�S �1���%? ="�"� ="
�<� 8�!� �� e,<&� * �%:�D �2'H �H /4*��%D�.

I74 O�,P �$ O��� �$ �'��:'H �"���
���^'$ * �,4 2H
�
J_H O�,P �$�� �"�:�" �� * 8*�� =",('E�F =�D;* �D

�3 �"2)" ��3 ����
����,4)I74X}(.
�
2-30" ���F2$ ;,('E�F ���3 �
J_H *="�"� �1���%? 
d3 J(6�$ �H C�� C���6".

��'!3 O�,P �$ ��3 ���3��
���=�:6"� �� * �,4
��A�� �"2S C%6 �-3 �1:	�
�2'9 .�� �"2)" 0" ���3 /
"

 �'��:'H �$ I
�(H ;�r�3 �6",) �$ I
�(H /
" �D�9 I��3 �
�:	29 O�,P �6"/'`*�� *��
� �%:�D .�:�D * J32� ��
���3 0" �B2$�� ��3 =�D ��D�!� "� I'H*� ���3 8",H23��

���3 /
" �'32H /
"2$�%$se�<:r" ��3 =�D 0" �3 �6" �'%<-
" 
��,929� I'H*� ���3 �:	29 I74��" .


��
���	 
�
�:���,<� �
J_Hk*� �$ �D=�D ICP-MS *ICP-OES �� 
;*�AZ�6" ��4 ���*F .�'�,('E�F�� �D",H��%0" ���F2$ 

��,929���1:6�B �$,6� )�:'�,�� �
 �7DF I'4 (�
 *
��1:6�B /
�QF )*2$�9 * �
2�� ���"0�$ (�%4�$ .T�6"2$��"� -

=�D ;*�AZ�$ �A,H �$ */'�0 I�",. �
�'<'4��%��
 �-1'� =�D2:�"��N�$ �(�� I74U�"j(2
���� �Ni  *TiO2

)I74U@(=e�$ 2
����Cr/Th )0" ^'$ZWW /
" ��,� �� �
C%6 �DYY[ �]qW(/'
�N 2
���� �)Zq/W≤(Th/La)�_%
" �� 

ZX/W�WY/W(� 8�,$ e�$ ��"�� +*23 )ZYWW �ZZ[Y �� �<�S 
8,'-'� (���(3 *)]/qZ �]/UY8,'-'� �� �<�S (��1:6�B

 8",%. �$ /
�QFC%6����C%6 /
" �6�D]Zq�XW[.C%6-
��,� =�D�6�2$ /'
�N 2
���� SiO2)XW/]Y�YZ/]] �P�� 

��0*(�TiO2)qU/Z�W[/Z��0* �P�� (�P2O5)UV/W�XZ/W
��0* �P��(�Zr)q/Z]W �X/YV8,'-'� �� �<�S (2
���� *

=e�$MgO)Z[/ZU �XW/ZZ��0* �P�� (�Ni)UVW �XYY 
8,'-'� �� �<�S(�Nb)ZY�ZU8,'-'� �� �<�S (*Sr 

)VWW�UWW8,'-'� �� �<�S (�� 8�!� "��%D� .
+*23 2
���� �\'-'6 �"��� �$ �A,H �$)ZYWW �ZZ[Y 

8,'-'� �� �<�S (I7'� *)UVW�XYY8,'-'� �� �<�S (
C%6 /
" =�<9�� �:(�" �3 �6" �'�*" =�<9�� �,� 0" �(
2�H �D

 �"��� 8�,$ e�$Mg#)V[�HuZ(8�,$ /'
�N �"2<D �$ I7'� *
C%6 /
" �� \'-'6�S�$ 21��!� �D R'	��"2	 �4�(�" �����

�<9�� 8�,$ �'�*" �H �6" /
,'�*" I�� .���3 �$ �A,H �$ =�D
 =��_%D)=��_%D /'-E� * JH�",3 �,(� (/
" ���0�6 =�<9��

C%6 �"�,<� �� �3 �6" ��,$ �'b�,H /
,'�*" �,� ��"0�$ �D
,<_� �$ �'-S �\'-'6)TAS (]XZ[C%6 *JA =0�$ =�D 

�� �"2S �
�'-S �<'� ��2'9)I74U�.(�� �21
� �2) 0"
 �"�,<�SiO2�$ �(�� FeO*/MgO��,<� ��2:�9 �� �D

�7DF * �b'�,H��� �"2S �
�'-S ��2'9)I74UO.(�$ �A,H �$
��,<� �9�%3"2N�2:�9 �� �D�7DF =�D �e�$ d'6�:N �
�'-S *
�"�,<��� /'
�NK2O�$ �(�� SiO2]) XX[I74U�(
�"��� se�<:r"K2O�6" ��23 2''vH �
,��g =�D�%
F2	 �) .

2a%. �"��� 0" /
"2$�%$ZrC%6 2P�%. �$ �(�� ��J$ �6*�
 8,
(LILE) e�$ 8"�'� O�4 �$ 2P�%. *)HFSE ( ��A

�� ���E:6" �
,��g =�D�%
F2	 �) 2P�%. t2cH �6�2$4�,
)I74].(�"��� �3 ���r ��Na2O�K2O�MgO �Rb *Sr 

�$ �(��Zr�<� 8�!� �P�B ��*� 8�!� * �D� t2cH ��%D�
�<� /
"2$�%$ ��6" �
,��g =�D�%
F2	 �) ���F ="2$ ���F 0" 8",H

C%6 /
" �
�<9�� �'D�� 8�'$�,<� ���E:6" �D .�"���TiO2*
Nb �$ �(�� Zr!� �$,B �(�� i$�mH �� 8� 21��'$ �3 �%D�

 �%
F2	 �$ �:�$"* se�<:r" 2P�%. /
" O"2''vH �3 �6" /
"
 ��,929� ��",r �H �6" /
�QF ^
"�A)I74].(

 [
 D

O
I:

 1
0.

29
25

2/
ijc

m
.2

7.
1.

19
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
04

 ]
 

                             5 / 12

http://dx.doi.org/10.29252/ijcm.27.1.19
https://ijcm.ir/article-1-1222-fa.html


8�
�*"� ��%'�r=27D� 8�'��(4 ��%A*2$ =J
J. �8"2
" �6�%4 ���3 * �6�%4�,-$ �-_� 5�

 ��% ?�'�,('E�F �
J_H �
�:�;�<4 =�Dk*� �$ �<!? 8�
 >24 =�DICP-MS *ICP-OES)��.2	 ���0* �P�� ��r 2$ �-P" 2P�%. 
* @�'<3 2P�%.REE�D ��r 2$ ppm .

Ho-1-6 Ho-2-1 Ho-2-2 Ho-2-3 Ho-2-5 Ho-2-6 Ho-2-7
SiO2 %Wt 44/91 47/43 46/40 45/11 49/20 48/97 47/80 

Al2O3 14/69 13/54 14/21 15/45 12/64 12/42 13/96 

Fe2O3* 9/30 10/08 8/80 9/50 8/67 9/49 9/37 

MgO 13/16 12/07 12/63 12/92 11/20 11/36 11/22 

CaO 7/91 8/92 9/13 7/73 10/18 9/77 9/64 

Na2O 1/96 1/80 1/95 1/99 1/88 1/77 1/80 

K2O 1/03 1/52 0/83 0/96 1/57 1/72 1/72 

TiO2 1/06 1/14 1/53 1/22 1/33 1/40 1/21 

P2O5 0/22 0/21 0/37 0/25 0/29 0/31 0/25 

MnO 0/16 0/19 0/16 0/17 0/17 0/19 0/18 

�
��29 �	" 5/1 2/6 3/5 4/2 2/3 2/0 2/3 

�,<_� 99/68 99/67 99/65 99/64 99/66 99/67 99/67 

Ba (ppm) 250 591 274 337 827 930 617 

Ni 324 326 317 323 370 345 299 

Sc 22 27 22 23 28 27 27 

Cr 1184 1754 1169 1213 1900 1783 1593 

Co 50/6 45/3 46/7 51/4 40/6 39/4 41/0 

Cs 0/3 2/0 0/2 0/3 0/3 0/4 1/6 

Ga 11/4 12/9 12/3 12/2 11/0 10/4 12/8 

Hf 2/3 2/4 3/2 2/6 3/2 3/4 2/5 

Nb 13/0 12/1 19/1 14/3 16/5 17/4 13/3 

Rb 25/8 40/0 21/1 23/5 38/4 50/6 50/6 

Sr 377/1 490/7 588/6 659/7 715/3 503/7 624/3 

Ta 0/9 0/7 1/2 0/9 1/1 1/2 0/9 

Th 1/7 1/8 2/6 1/8 2/5 2/7 1/6 

U 0/6 0/5 0/7 0/6 0/6 0/8 0/5 

V 151 187 182 164 208 200 193 

W 0/8 0/7 1/2 0/6 0/7 1/2 0/7 

Zr 99/8 97/2 140/5 113/4 136/2 136/5 104/6 

Y 14/9 16/4 21/3 18/2 22/6 23/1 20/2 

La 16/2 17/2 22/9 18/2 20/2 22/8 17/5 

Ce 34/8 36/1 47/5 38/3 43/5 47/4 39/5 

Pr 3/87 4/16 5/66 4/39 5/15 5/39 4/47 

Nd 16/3 16/2 22/4 18/7 21/2 21/4 18/1 

Sm 3/12 3/48 4/60 3/47 4/54 4/47 3/72 

Eu 1/05 1/03 1/48 1/15 1/39 1/55 1/12 

Gd 3/27 3/55 4/70 3/58 4/65 4/77 3/96 

Tb 0/48 0/53 0/67 0/55 0/68 0/71 0/62 

Dy 2/96 3/19 4/09 3/43 4/20 4/36 3/68 

Ho 0/58 0/58 0/81 0/65 0/80 0/86 0/70 

Er 1/67 1/75 2/25 1/83 2/24 2/58 1/91 

Tm 0/23 0/24 0/30 0/24 0/33 0/35 0/28 

Yb 1/44 1/57 2/03 1/69 2/13 2/26 1/86 

Lu 0/23 0/25 0/31 0/25 0/32 0/36 0/26 

*FeO�,P �$ I3 Fe2O3
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�-A5����<4 ������$ ���x ���3/'�0 ��6�%4C%6 * �<'4�'�,('E�F �
"0;�<4 =�D >24 . . .5�

7/	@@ * j�" (�"�,<� �'H2H �$al-alk �$ �(�� c]ZV[�"�,<� *TiO2�$ �(�� Ni ]Z[[�� �"2S /
�QF �2:�9 �� ���F �� �D ��,<� �3 -
�� 8�!� �3 ��2'9C%6 �3 �D�� ��%:�D �'�,('E�F,H�" �6�2$ ��,� =�D (�"�,<�TAS ]XZ[C%6 8F T�6"2$ �3 "� �6�2$ ��,� =�D ="�

�%:�D �
�'-S �<'� ��"0�$ ���� C%6.O(��,<��7DF * �'b�,H �2:�9 �� �D��"�,<� �
�'-SSiO2�$ �(�� FeO*/MgO �"2S 8F �$ �A,H�$ �3 
��� * ��2'9 (�"�,<�K2O�$ �(�� SiO2]XX[��,<� 8F T�6"2$ �3 �7DF �2:�9 �� �D ��� �"2S e�$ �H /'
�N d'6�:N �
�'-S��2'9.
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8�
�*"� ��%'�r=27D� 8�'��(4 ��%A*2$ =J
J. �8"2
" �6�%4 ���3 * �6�%4�,-$ �-_� 5�

7/	A,<� 2a%. �"��� �$ �(�� O"2''vH �"� Zr.

=,1�" ���� �3�B 2P�%. (REE) �
��%~ �$ ��4��_%�$ 
�%` �9�4R(6 ���� �3�B 2P�%. )LREE(�$ �(�� 2P�%. 

/'1%6 ���� �3�B (HREE))��"�� LaN/YbN0" [Z/V�H
U]/[� *�"�� CeN/YbN 0" Xu/q�HXq/[("��� 8�!� �D�

)I 4q"�j�]XU[(�,� =�<9�� 21��'$ �~�:!N ��"0�$ =�D
��4 �%` @�,� �,� �6,��'S" 8�'� (E-MORB) *�,�r 

�� ����9 ���<:r"��1:6�B �6"]X]�Xq[./'%�<D=��_%D�� 
�a�!���)=��_%D���E%� * �(�� j'&� (0"Eu)Eu/Eu* 

0"uY/W�HWU/Z(J'���
���,4�.=,1�"HREE * lm�� �D
 ��P �6")GdN/LuN0" [q/Z�Huu/Z(�:	�*2	 =,1�"REE 

8�!� �
��%~ �$ ��4��_%�$ ��!� ^�� ��%D�^
"�A 
�'�,('E�F /
" ���� C%6 ��_
" �� /�~*2'N * ;,('E�F �D�6

]X[[�%` f6,H �%-(��,D "2
0 ��9�4REE * �D�$2P�%. �p
*
f6,:� ���� MREE�� ��!� �,4]XV�Xu[.

2P�%. �"�,<� �'�*" �:4,9 �$ ��4��_%D �$ @�'<3 ]XY[*
@�,�]UW[�B",%7
 �(
2�H �6" .2P�%.C%6�6*� ��J$ 

�$ �(�� 8,
REE * �DHFSE�%` �� 8�!� �9�4 �%D�
)I 4q@.(���F ="2$�%` /'%�<D 0" �9�4LREE  �Sr *

Ba��H �"2<D �$ 0" �9�4Nb ��
����,4.=��_%D�� Sr �
��H 0" �9�4Th  *U�$ �(�� Ba *La�� 8�!� ��",H -

�4�$ ��,%H ��%D�]UX�UZ[.=�D�"�,<� �$ �A,H �$MgO 
�$ �(�� Fe2O3

**CaO ��,929� �<9�� 2g" �� ^
"�A 
�6" /
,'�*" 8*�$ @"�� 0" 0L3,
MLN * /�3*2'N,%'-3 =�,-$

)I74[.(
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�-A5����<4 ������$ ���x ���3/'�0 ��6�%4C%6 * �<'4�'�,('E�F �
"0;�<4 =�D >24 . . .5�

7/	Bj�" (=,1�"REE �
��%3 �$ �(�� ��4 ��_%�$ �'�,('E�F ="2$;�<4 =�D �<!? 8�
 >24]XU[@ *(2P�%. ��4 ��_%�$ 2
���� 
* @�'<3REE�'�,('E�F /
" �$ �(�� �DMORB ]Xu[.

7/	Cj�"(�"��� O"2''vHMgO ��r2$ Fe2O3
t�� 8�!� �3 �� /
,'�*" �4�(�" �3 �D�/
,7H@ * �6" I'B� �<9�� (O"2''vHMgO2$ 

��rCaO8�!� �3 ���� ;2:%3 0L3,
MLN * /�3*2'N,%'-3 f6,H =�,-$ ^
"�A �3 �D� �,4]UU[.

D�*�
��
 �EF�� �������
 
�'�,('E�F �
�'<'4 �'32H ��,� =�D�6�2$8�!� R
 ��%D�

�6" �:'b�,H OL
�<H �$ �:�"0�$ ���� C%6 ./'
�N 2
����
TiO2�Zr �P2O5*Nb/Y)YW/W�[[/W(�%` �"2<D �$ �9�4

 0"LREE �$ �"2<D =��_%D�� �E%� Nb�a�!� 0" 0��$ =�D
��"0�$���S �$L'6 �:'b�,H =�D �6" ="]U][.�� /'%�<D

 �"�,<�Ti �$ �(�� V���,<� ��,� =�D�6�2$ �� �2:�9 8*�� 
���S �cEP�� �"2S =" ��2'9)I74Vj�"(.

%. =,1�" * ,:��� �$ ��4 ��_%�$ =2a%.�%? =,1�" �� 2P�
�3�B���� �%` �
��%3 �$ ��4 ��_%�$ �9�4LILE *

LREE ��
���R
 �,A* ��%D� 8�!� �3 �,4��1:6�B 
�:4,9C%6 /
" ="2$ ="�6�D.

�(�� 2''vHLa/Yb 0")Xu/ZZ�]Z/Y($2�,$ ���� 2''vH 
@*Q �A�� �,-(H ��!�$�!
"�A�:6,N �9�,�F �('32H �
 * ="
�6��%
" 0" ]X[.2
���� /'
�NNb/La)uU/W�]Y/W(�$ J'�

�:6,N �9�,�F="]Uq[�%` �
 *�9�4��1:6�B �����29� 

�� ��"� �(�� �
,:����,4 ]U[[.@"���:4,9 =�D ="�"� ="
 �(��Th/Ta �*�r Z/X�%:�D ]XY[�(�� /
" /'1��'� *

���S �:6,N �� =e�$ ="V/ZW �6"]UV[.C%6 �� ��,� =�D
�6�2$(�� /
" 0" �u/Z�H[/X)/'1��'� �$Z/X(�� 2''vH �%3

 �"�,<� �� *Th-Ta�� �"2S �'�*" =,:��� fB �7
�J� �� ��2'9
)I74V@(8�!� �3���S �:6,N f6,H �9�,�F +�. ��%D� ="

�6"./'
�N �"��� /'%�<D Th/Nb)Z[/W�ZX/W(*Zr/Nb 
)Xq/u�U[/V(C%6 �$ ��
��� ���:6,N =�D =")�$�'H2H 

]X/W�Wu/W*]W�]/Y�]Uu[(�� 8�!� �9�,�F �3 �D�
��2:�9�:6,N /
" �3 �6" ���r �� /
" ���"�� �,A* ="
�(���$ �D�(4 �D��"0�$ �6,��'S" 2
"JA =�D (OIB))�$
�'H2HW[/W*X/]�]UY[(/
" ���� =�<9�� /
"2$�%$ ����"�

�'�,('E�F�� �D ��",H ���F2$�:4,9 R
 0"=�$ �'�*" ��1:6�B 
OIB�4�$ .^
"J	" �-3 �,) �$LILE)Ba, Rb, K ( 2
���� *
/'
�NY�Nb *Zr�:6,N �9�,�F �%
F2	 21��'$ �� ="

���S �$L'6 =�D�<9���6" �'�*" * e�$ ��� =".
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8�
�*"� ��%'�r=27D� 8�'��(4 ��%A*2$ =J
J. �8"2
" �6�%4 ���3 * �6�%4�,-$ �-_� 5x

7/	Gj�" (�"�,<� V- Ti��,<� �8F T�6"2$ �3/'�0 f'c� �� �D�cEP 8*�� �:B�6�� �"2S =" ��2'9]]U[*@(�"�,<�Ta ��r 2$ Th ��3 
��,<� 8F ���:	29 �"2S �'�*" =,:��� fB �"�:�" �� �D8�!� �3 ��"�:6,N �9�,�F +�. ��%D� �6" ="]UV[.

/'
�N 2
���� /'%�<DRb)[/qW�Z/XZ (�� 8�!� J'� �D�
�:6,N �9�,�F ;�<:r" �3�6" d3 ="./'
�N 2
���� Nb�8�!
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