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BRJ1 BRJ2 BRJ3 amph 
( t%)

BRJ4 BRJ5 BRJ6 BRJ7 BRJ8 BRJ9 BRJ10 
SiO2 53/8 53/5 54/1 SiO2 50/5 51/7 51/8 52/3 49/8 50/8 52/1
TiO2 0/159 0/196 0/081 TiO2 1/244 0/681 0/802 0/854 1/458 1/273 0/602
Al2O3 0/698 0/777 0/597 Al2O3 5/83 5/18 4/46 4/38 6/24 5/90 4/54 
Cr2O3 0/043 0/055 0/000 Cr2O3 0/135 0/105 0/121 0/057 0/042 0/126 0/056
FeOT 8/95 8/74 8/94 FeOT 12/1 12/0 11/7 11/5 12/4 11/5 11/4
MnO 0/285 0/328 0/401 MnO 0/256 0/24 0/282 0/185 0/265 0/23 0/253
NiO 0/013 0/000 0/007 NiO 0/046 0/055 0/024 0/064 0/05 0/068 0/045
MgO 14/2 14/4 14/3 MgO 15/2 15/8 16/6 16/4 15.0 15/7 16/6
CaO 22/3 21/8 22/1 CaO 11/1 11/4 11/1 11/0 11/4 11/5 11/3
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K2O 0/000 0/000 0/000 K2O 0/510 0/389 0/344 0/280 0/583 0/489 0/313
total 101 100 101 total 98 98 98 97 98 98 98 

(apfu) (apfu) 
Si 1/993 1/989 1/999 Si 7/603 7/732 7/762 7/836 7/512 7/586 7/796
Ti 0/004 0/005 0/002 Ti 0/141 0/077 0/09 0/096 0/165 0/143 0/068
Al 0/03 0/034 0/026 Al 1/035 0/913 0/788 0/773 1/109 1/038 0/801
Cr 0/001 0/002 0/000 Cr 0/016 0/012 0/014 0/007 0/005 0/015 0/007

FeT 0/277 0/272 0/276 FeT 1/522 1/506 1/460 1/436 1/560 1/432 1/421
Mn 0/009 0/01 0/013 Mn 0/033 0/03 0/036 0/023 0/034 0/029 0/032
Ni 0/000 0/000 0/000 Ni 0/006 0/007 0/003 0/008 0/006 0/008 0/005
Mg 0/781 0/800 0/790 Mg 3/418 3/511 3/702 3/650 3/375 3/493 3/695
Ca 0/884 0/871 0/874 Ca 1/796 1/822 1/774 1/763 1/840 1/831 1/809
Na 0/013 0/010 0/012 Na 0/226 0/160 0/170 0/115 0/208 0/245 0/134
K 0/000 0/000 0/000 K 0/098 0/074 0/066 0/053 0/112 0/093 0/060

Mg# 0/738 0/746 0/741 Mg# 0/692 0/700 0/717 0/718 0/684 0/709 0/722
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G1'��A��04 ��L�E��% ��H�� !"#)
� *+�$), �
$%-.�% �
�� &( �&'�&( �
��0.4 . . .���H

6�G'<]�� �( �
*R+ �
�E�LA-ICP-MS �&'�&( �
�)
�*+�$), �� �)')� 6)7.8�9 � -�,�&.�)".1, �� /�.0, &2�"3 ��$�$&	 -..�+ 5$&(.
cpx (ppm) BRJ1 BRJ2 amph (ppm) BRJ3 BRJ4 BRJ5 BRJ6 BRJ7 BRJ8 

Li 27/34 30/69 Li 5/88 2/09 2/83 3/21 0/700 2/14 
Sc 163/28 108/3 Sc 123/22 115/36 94/62 150/23 91/99 125/14
V 594/91 419/27 V 573/06 613/74 523/19 760/19 532/63 615/66
Cr 307/39 276/92 Cr 357/35 481/78 477/43 583/66 438/61 388/72
Co 28/14 27/43 Co 46/59 42/07 46/02 45/25 47/55 44/69 
Ni 25/79 25/54 Ni 50/4 45/95 56/34 56/4 59/83 50/06 
Zn 60/4 67/7 Zn 115/59 114/93 115/26 109/36 130/82 108/45
Rb 0/46 1/30 Rb 3/11 0/842 0/389 1/50 0/94 1/19 
Ti 1176 637 Ti 4053 3156 4863 8290 4492 5738 
Sr 20/07 17/28 Sr 20/32 17/1 20/15 34/25 20/39 27/22 
Y 41/28 17/9 Y 48/21 35 41/54 79/06 47/91 49/03 
Zr 11/9 8/45 Zr 25/79 23/73 22/49 32/6 25/74 35/16 
Nb 0/065 0/074 Nb 5/98 6/41 6/42 15/52 7/87 9/69 
Cs 0/133 0/63 Cs 0/61 0/109 0/122 0/376 0/032 0/0195
Ba 0/272 0/279 Ba 17/36 4/69 6/74 10/0 4/26 7/09 
La 6/16 5/53 La 17/94 14/54 15/65 24/74 18/66 22/12 
Ce 25/62 20/14 Ce 60/78 51/42 59/4 96/1 65/27 71/67 
Pr 4/81 3/37 Pr 9/08 7/71 8/26 15/8 9/99 10/7
Nd 27/86 15/46 Nd 41/37 33/13 38/74 75/57 45/48 45/43 
Sm 7/44 4/24 Sm 10/8 7/06 9/16 18/4 12/0 8/71 
Eu 0/344 0/188 Eu 0/601 0/62 0/806 0/872 0/792 0/858 
Gd 8/84 3/77 Gd 8/91 6/51 7/55 15/7 8/17 8/43 
Tb 1/468 0/454 Tb 1/347 1/086 1/268 2/42 1/401 1/346 
Dy 10/02 3/47 Dy 10/17 6/7 9/53 16/07 8/82 9/05 
Ho 1/6 0/849 Ho 1/94 1/45 1/79 2/72 1/86 2/06 
Er 4/55 2/27 Er 5/07 4/15 4/14 8/87 5/34 5/71 
Tm 0/473 0/34 Tm 0/841 0/694 0/723 1/166 0/916 0/629 
Yb 3/52 1/72 Yb 4/65 3/94 3/83 8/25 4/6 5/97 
Lu 0/396 0/319 Lu 0/74 0/527 0/64 1/089 0/826 0/829 
Hf 0/696 0/231 Hf 1/52 1/16 1/35 1/84 1/80 1/77 
Ta 0/0126 0/039 Ta 0/459 0/564 0/42 0/961 0/565 0/704 
Pb 0/61 0/869 Pb 1/33 3/41 5/82 1/21 1/19 1/25 
Th 0/071 0/202 Th 0/465 0/527 0/469 0/414 0/456 0/471 
U 0/105 0/103 U 0/366 0/297 0/368 0/218 0/305 0/187 

���, �0.4��
6)7.8�9 
6)7.8�9 >.�1, l)� %$ �� `��4 � A�)( �$� >
*�."� G"17��)� � �$�

G"E�� �E.�)".E,$ G"17��)� .���, -
$ %$ �� &j� �.74 �
�.0.4
6)7.8�9 5�)d( G"E�� V�$��&	 r.Y� 5�� �$�)0� �� �, 5��� 

SiO2�( �7��Na2O�Nb ��( �7��� Ti ]<n[�� �&E��B A
6)7.8�9 �$&= V�$��&	 5��G��$� )`O4?.(G�"P 5���$�)0� ��

AG4 ��R"�( 5&�"3 �� �)�')� ��B%��#�� &�2�"3 ���$�$&	 ��,

 ��� L���� �
�G", �( �7�� $� 6)7.8�9 G��� )`O�4 ik��$(�
&2�"3 �,�a [7# ����)(LREE �( �7�� �,��a &�2�"3 �����
-.D"# )HREE(�"t AG4 G��$.����0� ����$�)0��5���R"��� 

��$� �)�'� >.���)
 �8"� .&�2�"3 h$&�..N+ 5)�D�$ -.�"Z0�
HREE �(�� h�)2cd�#$ .�,��a &2�"3 �����)(REE ��
��
���AG4 �"t &2�"3 &
�# �( G��$ .&�2�"3 -.�"Z0�Sr �Pb �

Eu �Zr �Hf �Ti AG4 ��+ &2�"3 &
�# �( �7�� G�$.

 [
 D

O
I:

 1
0.

52
54

7/
ijc

m
.2

8.
4.

10
09

 ]
 

 [
 D

O
R

: 2
0.

10
01

.1
.1

72
63

68
9.

13
99

.2
8.

4.
15

.1
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
cm

.ir
 o

n 
20

25
-0

7-
06

 ]
 

                             5 / 14

http://dx.doi.org/10.52547/ijcm.28.4.1009
https://dor.isc.ac/dor/20.1001.1.17263689.1399.28.4.15.1
http://ijcm.ir/article-1-1564-en.html


�":$�.+ �5&�3���(&= �)�)� L$&
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`O4?-.�% r.Y� -..�+ 5$&( A&.NE��� 5���$�)0� 6)7.8�9 �Ea�#]<n[.6)7.8�9 �
�.0.4 X.,&+ 0.4 X.,&+ �( �#�&( ��)� 5�� �
�.
6)7.8�9 ��$� ��$)�0� V�$��&	 �y�"� �� AG4 `.O�+ 5��) .I-Amph :L��� 6)7.8�9�Y82 � 5$S-Amph :���$��&	&($ 6)7.8�9.(

`O4i���, 5$&( AG4 >#� 5&�"3G"P 5���$�)0� 6)7.8�9 5��)k�$ (-�,�&.�)".1, �)/(��R"�( �
�G", �( �7�� ��B%�#�� &2�"3 ���9 �� �,
AG4 G�$.

-�,�&.� 
-�,�&.� �� ��&E�BG��$� �$&= G.��)
� � �
e�$ 5%&� A.

���, -
$ �
�.0.4 X.,&+��-�,�&.� �( ��
��� `(�= 5��
 V�$��&	 r.Y�G"E�� )`O4nk�$(]<o�<p[.�B�
� &D
�

-�,�&.� -�,�&.� l$)�$ �( ���9 ���74 �� %$ �, �#$ �
��
 �E.".�)( 5�0B��`O4�E	&B G�$ )`O45�� n� � /.(��

`O4i/��E
�G", AG4 ��R"�( 5&�"3 G"P �$�)0�
�#$ AG4 A�$� L��� -�,�&.�)".1, .���, 5���#�&( ��)� 

G��$� >� �( 5%$)� AG4 ��R"�( 5��)D�$ .L��� �$�)0� -
$
�"t AG"�� &2�"3 �BG4 �,�a r#)E� ����)MREE(�7��

 �(LREE �HREE �#$ .5��R"��� �8"� Eu �B�
� %$ 5��
�#$ ���, -
$ %��( .&2�"3Nb �Ta �Sr �Pb �Eu �Zr �Hf �

Ti AG4 ��+ &2�"3 &
�# �( ��
��� ��G�$�, ���b�� �REE ��
�"t &D
� &2�"3 �( �7�� AG4 G�$.

�#�&( � �Y( 
�.��$ 5�0B�� �
�.0.4 X.,&+ �7#�Y� 

�#�&( -.�%���, �0.4 �� 5��O�$ `(�= &.t V�� ��!"#�
$% 
!"# ]%�$ �( h�3My$ ���B � ��$� -
�Q9 5�� �� $� 5&+

�� ��$�$ `, !"# �0.4 �( ��
��� G�� .!"# %$ 5��.�( 5��
 ��.7y �#$ -O0� -
�Q9�E4�7�$ ���, 5$�$� �
 � �E4$� 5��

 ��.7y �(���D.(�)1(G"4�( 5.!"# �
�.0.4 X.,&+ -
$&(�"(
� �� $� ��)7= `(�= h�3My$ ���9 `,�.��$ /$W� ��.7y �( �d($

�0� ��$�$ G��];�o[.$�E7� ���, �
�.0.4 X.,&+ ��.�( ��
�� �)17E� L9 %$ �, �#$ �($W� �( �E�($� G�)4f�( -
$&(�"(

���, [0, �� �� �)17E� L9 %$ �, �($W� �
�.0.4 X.,&+ L$)+
AG4 �&, �7#�Y� $� G�$];�?�o[.���, -.( %$ �� �)')� 5��
!"# A�BG
� %$ 6)7.8�9 � -�,�&.�)".1, �-
�Q9 5��!"#-
�
$% �.0�$��.�(G��$� 5.���, -
$ l$)�$ %$ 5��
% &
���� ��
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$*D"# &j� L��� $� G"E�� �.0�$ `(�=
A�$� 5�' �)a G�$ .h�3My$ -
$&(�"(-.�% �4%�$�( �
�.0.4

L)�$&.� AG4 �)17E� L9 %$ �, �($W� G�$ $� �$&= ��.Ea$ ��
�� G"��];�o�;?�<q[.-."Z0� ���9 ���, �10' %$ �
��

�)17+ G"
$&	 �.��$ `b$&� �� �, G"E�� �.��$ 5�0B�� %$ ���(
�� $G' G�)4 ��#$ -O0� -
$&(�"(V.� >\� G"
$&	 %$
!"# X.,&+ &..N+ �3�( �, G�)4 �)17E� AG�&.B&(�� 5��
�.0.4�� �.��$ 5�0B�� �
 4�).-.�% �
�� &( ^� -
$ �0.4
���, �� �� L$)+&:$ �.��� �( � �&, �Wb $� 5G"
$&	 -."P

�&( �� �.��$ 5�0B��.
���, -
$ �, �($W� �
�.0.4 X.,&+ AG4 �)17E� L9 %$ �� G�$

�� $� �( � 6)7.8�9 � -�,�&.� �
�.0.4 X.,&+ g�#$ &( L$)+
7#�Y� ���9 V
$G' X
&� �d($� 5&.B��, �(�&, �.�6�m� 5$&(

 V
$G' X
&� -E	&B &j� �� �(La �( &($&( -�,�&.� ��vp/v
]<s[>
�$� �:

);(

�,��$�$&	La �
*R+ �
�E� %$ �, �#$ -�,�&.� �� 5��
�� �#� �( -�,�&.� �
�.0.4 G
9)6�G'<(�

��$�$&	La � �� �( � A�)( �d($� -
$ 6)�R� ��"+ �, �#$ /$W
�#$ �7#�Y� `(�= �Eb$� .�� �X.+&+ -
$ �( &2�"3 *,&0+ L$)+

AG4 �)17E� L9 %$ 6)7.8�9 � -�,�&.� �, �($W� �� k1E�� G�$

�.��$ /$W� �
�.0.4 X.,&+ &D
� h��73 �( �
 -
$ �, 5$
���, A�)( 6���+ �� L9 �( �� �&, �7#�Y� $� G�$ .�h�7#�Y� �

T'&� %$ �E	&B&( -�,�&.� V
$G' X
$&� �AG4 C�R�$]<s[�
T'$&� %$ �E	&B&( 6)7.8�9 V
$G' X
$&�]?v �?;[A�)(

�#$ .�( 6���+ �� /$W� �
�.0.4 X.,&+ ��
��� �)j"� �(
 ��$%�( X.,&+ �( �7�� /$W� �� -
$ �-�,�&.� � 6)7.8�9

�E��L�.� 5�� 5��3 /�)� l)� �#)��.=$)N-MORB ( ��R"�(
AG4 G�$)`O4ok�$.(�AG4 ��R"�( 5&�"3G"P 5���$�)0� ��

 *' �(Cr, Co �Ni &2�"3 &
�# �G"E�� ��B%�# &2�"3 %$ �,
G"E�� ��B%�#�� .5�)y ��B%�#�� &2�"3 �, �4$� &j� �� G
�(

AG4 X+&� �'�� -
&E�.( �$�)0� �P �0# &2�"3 �, G�$
b �( � G��$� $� 5��B%�#�� hG4 %$ �#$� �0# �( �,&
�� �E#�, ���9 5��B%�#�� �)4 .`O4 �� �, L�"PoAG
� k�$

�� G��$� ��(��� ��.�( h$&..N+ 5)D�$ /$W� �� &� ��)4 .-
$
�� L��� �
�.0.4 X.,&+ �( /$W� [
 %$ ���, �� &� �, G��

AG4 �)17E� L��O
 G�$ .�� -
$ �
�.0.4 X.,&+ �(��+ -."Z0�
 G.
�+ /$W����� ���9 5$&( �7#�"� V
$G' X
$&� �, G",

 �$��)a&( C%� �=� %$ AG4 C�R�$ h�7#�Y� � AG4 �E	&B &j�
�#$ A�)( .�#�&( �� ��)')� ���74 �( �')+ �( 5G�( 5��

 �( 6)7.8�9 � -�,�&.� �( 6���+ �� /$W� -.D��.� X.,&+
G4 �E	&B &j� �� �.��$ /$W� �
�.0.4 X.,&+ L$)"3.

`O4n/ � k�$ (�# 5���$�)0� A&.NE�TiO2-Na2O-MnO ]<o[�TiO2-Na2O-SiO2/100 ]<p[� �(A&.NE� �� �$�)0�Na-Ti ]<p[&( �,
-.�*O.�)EO+ r.Y� � �0B�� �.��� ���9 g�#$-�,�&.� �, �Ea�# AG4 �)17E� L9 �� �� �#$ AG4 ���� G�$) .OFB : ��#)��.=$ k, ��$%�(

WPA :.1= ��$%�(L��� �
��Y82 �5$VAB : �����8�+9 g)= ��$%�(WPT :L��� �.{�)+�Y82 �5$BON : ��.".�)(IAT : ��#)= &
$*' �.{�)+
MORB :�E�� ��$%�(L�.� 5�� � �#)��.=$WOPB :L��� �Y82 ��$%�(�#)��.=$(
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���.
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)LILE(�LREE t�"
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