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O,��(P� Q: ?�@)�# �"(A ?'Ti/V = 20 *Ti/V = 50 (

�.& #
,y2 .��)T/&l�(][Z[.?�@.(�:� �S#A #((N2 ��.��
�$� #(�6�f �!L� .)� T: '@7 U��� ?�#Al�/��2nn/Wl �

'(A H(�!:�n/l�2Xl/WX �*.V )� H
0(%� ��.�� *l�2
WY/Wn �$� #((N2 �� ��)* .L�� )U*.KW.(M�#((N2 '
� �
7

7#	 �A ��12�� ��D%$ �
�@.%
 ���A =*_ ^#� �,f � S�%&
 ?�@.%
7#	 �
 �$� �6"�� �,3L U,4 �� B
�.K * � &,"

�
,��� ?�@.(�:� ?�, ;� �� #((N2 �-�A ���$#"� T�� ?�
 ��$� �.& �!L� }#;2 ��.�� .
�A B$#8 '
� �A �$�8 ?�#A

.�#(" ��#P �$�#A ��,� �!L� ?�@.(�:� .�,�%� '
� ?�#A
�@.(�:� )� �S#A�A �� �!L� ?#2��.
�8 #L�%-)�
�#& ��

��,"#"� * ���$#"� (�7 ���06@ * ��#: �$�#A���� �A �� �@-
?�@=�,��� ��
��� c!4� O,��(P� H(%: .���� �A � �A�* ?�@

 )� c!4� O,��(P�][W �[[[�.& O�1 P� .�� .�
�(6(& #��
�
��#" �
0J2=�,� ��.��,2�-�A:#; � ?�@.(�:� #((N2 �

* H($� 8 * H
.$ T�� �
�(!P #L�%- �H
0(%� �H(�!: T��
 �,
 z�0A T(	, (� #L�%-)LILE ( * H
��A �H
.(A*� T��

�,& +,(���# $� .][W[* �!L� #L�%- �$�#A �: .�.� 3� 
�� ':#
) �A =�(6: #((N2 '((32 ?�#A �A,S ��," .��,2

.&�A �@.(�:� .�S#A �: ?.�*� �-#	 * �!L� #L�%- )� ��,6� -
'��.��& ?�@)T/&n(�� ���� �: �$� ?.�*� U��3� .%@�

��,6� ?�@=�,�c!4� O,��(P� �� ���� .%@�.���,6� Mg 
�A �1��Zr��,6� *� #@ �� ���� �A,S �&,�6@ .�*� �.%@�

)T/&nQ��.(Zr �A �1�� TiO2�Y*Cr * �1�� �� �16@
���� .�*� U��3�(P� � $,8 )� TL�V ?�@ c!4� �$,�� �$�

)T/&n� �� .(H
0(%� �.-Mg#
= 100*Mg/(Mg + Fet)(

�
<,!:� )� '��.��& ?�@[X/Z�2n[/Z)�A�$, � �,4l/Z(��
�$� #((N2 .���,6� ��Mg#�A �1�� Cr *Ni �: ?.�*� 

��,6��� ���� '��.��& ?�@��,6� U��3� .%@� O,��(P� ?�@
 T;� )� �!L�	 �6: �A ��* c!4��7.���� ��#P �@)T/&n��

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

06
 ]

 

                             5 / 14

http://ijcm.ir/article-1-511-en.html
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 >��+"�����
<,!:� �!L� #L�%- ?�@ '��.��& ?�@)����.% �@ ��)* .L�� O�$� #A �@.(
1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Sample 5-5 16-10 5-27 5-21 16-2 16-13 18-6 16-12 113-1 21-3 5-12 5-42 A 7 17-7 

SiO2 47/06 50/33 49/65 49/90 51/60 49/02 48/75 51/10 50/03 50/27 49/52 42/42 40/83 50/76 

TiO2 0/99 1/03 1/00 1/05 1/07 0/71 1/02 1/09 1/05 1/28 1/23 0/57 1/11 1/04 

Al2O3 17/24 16/18 16/13 16/41 15/84 15/35 16/28 16/02 15/62 15/09 13/80 18/92 14/27 16/66 

Fe2O3 13/21 11/52 10/14 12/37 10/19 8/46 11/35 10/56 11/71 10/85 11/67 12/49 14/55 10/81 

MnO 0/11 0/16 0/17 0/18 0/15 0/16 0/28 0/11 0/16 0/15 0/14 0/16 0/26 0/15 

MgO 5/81 6/57 6/98 5/87 6/92 7/40 6/06 7/16 6/53 6/24 8/76 8/37 12/96 6/77 

CaO 10/53 7/16 11/04 7/81 6/84 13/34 8/02 6/21 7/04 9/91 8/24 12/15 10/78 6/66 

Na2O 2/92 4/70 2/54 3/77 4/39 3/53 3/49 4/24 4/50 3/80 4/44 1/35 0/97 4/36 

K2O 0/22 0/15 0/52 0/18 0/45 0/09 0/53 0/32 0/13 0/37 0/28 0/08 0/06 0/19 

P2O5 0/06 0/02 0/08 0/05 0/07 0/09 0/08 0/04 0/07 0/06 0/01 0/02 0/04 0/06 

H2O 0/20 0/51 0/23 1/54 1/78 1/11 2/02 2/22 1/32 0/99 1/49 0/08 3/92 1/91 

CO2 1/56 1/52 1/33 0/74 0/48 0/55 1/96 0/68 1/66 0/84 0/24 3/17 0/15 0/41 

Loi 1/75 2/03 1/57 2/28 2/26 1/66 3/98 2/91 2/98 1/83 1/73 3/25 4/07 2/33 

Sum 99/89 99/85 99/82 99/88 99/78 99/81 99/83 99/76 99/82 99/85 99/82 99/78 99/90 99/80 

15 16 17 18 19 20 21 22 23 24 25 26 27 28 

Sample 24-1 24-2 16-7 17-2 16-11 117-1 16-A 113-5 18-10 18-3 7-1 119A 17-1 5-47 

SiO2 50/24 45/18 50/98 48/74 54/38 48/56 54/03 50/72 40/36 51/78 48/65 48/89 46/59 52/05 

TiO2 1/01 0/81 1/00 1/05 0/96 0/94 0/96 0/99 0/31 1/00 1/02 1/07 0/94 0/76 

Al2O3 16/54 17/53 15/63 15/01 15/19 16/16 14/27 15/70 19/29 15/59 19/22 15/44 15/07 15/66 

Fe2O3 12/02 10/05 10/71 10/51 9/39 9/48 10/01 10/53 13/44 10/53 10/11 9/73 10/12 9/59 

MnO 0/14 0/24 0/15 0/18 0/17 0/10 0/15 0/12 0/33 0/18 0/19 0/17 0/14 0/17 

MgO 6/69 5/79 6/40 6/46 5/67 5/78 7/48 6/72 4/05 6/74 5/72 8/30 7/71 6/52 

CaO 5/88 12/45 7/42 10/95 7/52 10/54 7/71 6/84 19/25 6/68 4/85 9/88 13/03 8/57 

Na2O 4/26 3/59 4/91 4/17 4/67 3/84 3/05 4/83 0/37 5/00 2/31 2/44 2/36 4/09 

K2O 0/42 0/29 0/16 0/14 0/17 0/16 0/26 0/26 0/22 0/13 4/81 1/41 0/13 0/68 

P2O5 0/05 0/42 0/04 0/04 0/07 0/10 0/07 0/05 0/04 0/07 0/02 0/08 0/10 0/05 

H2O 2/19 1/88 0/91 1/05 0/19 1/95 1/76 2/12 0/80 1/72 2/71 2/04 2/02 0/42 

CO2 0/40 1/62 1/52 1/52 1/41 2/23 0/06 0/94 1/35 0/40 0/04 0/40 1/64 1/28 

Loi 2/59 3/50 2/42 2/56 1/60 4/17 1/82 3/06 2/15 2/12 2/75 2/44 3/67 1/71 

Sum 99/84 99/85 99/83 99/81 99/79 99/83 99/81 99/82 99/80 99/81 99/66 99/85 99/86 99/85 

29 30 31 32 33 34 35 36 37 38 39 40 41 

Sample 5-37 G-G 16-9 18-1 5-38 E 5-45 18-2 5-30 5-33 5-39A 13A 16-16 100.2 

SiO2 39/76 41/07 48/56 46/82 53/43 50/59 52/68 51/52 55/04 49/61 47/87 47/44 50/69 

TiO2 1/08 1/11 1/09 1/05 1/18 0/34 0/73 0/97 0/58 0/34 1/17 0/77 1/13 

Al2O3 14/38 14/12 15/75 17/93 15/69 17/45 15/65 16/13 16/46 13/64 14/58 15/79 15/22 

Fe2O3 15/16 14/27 12/13 11/44 10/68 7/48 7/85 10/73 9/46 10/63 11/53 9/71 10/84 

MnO 0/39 0/30 0/20 0/26 0/13 0/12 0/13 0/16 0/17 0/20 0/19 0/18 0/18 

MgO 15/13 14/23 6/36 8/07 5/89 8/15 8/60 7/11 6/11 10/37 7/64 9/07 6/77 

CaO 8/70 10/38 7/49 8/12 7/34 9/66 6/89 8/60 5/92 10/11 11/99 11/79 9/58 

Na2O 0/73 0/80 4/41 2/70 3/79 2/92 1/46 2/46 3/36 2/78 1/51 2/34 3/61 

K2O 0/06 0/07 0/24 0/66 0/41 0/57 1/36 0/22 0/34 0/22 0/08 0/11 0/27 

P2O5 0/05 0/06 0/06 0/05 0/08 0/04 0/19 0/09 0/04 0/03 0/15 0/06 0/08 

H2O 4/35 3/45 2/10 2/55 1/16 0/06 4/08 1/79 2/40 1/86 2/63 1/87 1/35 

CO2 0/06 0/05 1/48 0/15 0/05 2/51 0/13 0/08 0/04 0/04 0/41 0/63 0/13 

Loi 4/41 3/49 3/58 2/70 1/22 2/56 4/21 1/87 2/43 1/91 3/04 2/49 1/48 

Sum 99/85 99/90 99/87 99/79 99/84 99/89 99/75 99/85 99/91 99/85 99/75 99/75 99/85 
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.!KW����6& �X0(
�8 �WX�\ �
<,!:� �6(&,F<�7 �(�,2*#8 �(@�� #A ?.(:�2 �'��.��& ?�@ 95o

Sample La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Sc
16-10 9/1 9/9 10/4 10/9 13/8 13/9 15/6 18/1 16/8 16/3 17/2 16/4 16/4 16/2 39/7

18-6 12 11/5 12/1 12/8 16/8 17/5 18 19/3 18/5 18/2 19/1 18/1 18/5 18/6 41

16-12 9/1 8/5 9/4 9/9 13/1 14/2 15/1 15/9 16 15/9 16/8 16/3 16/7 16/9 41/3

24-2 11/5 10/9 11/6 12/3 16/6 21/6 18/2 18/2 16/4 16/3 17/3 16/5 16/9 17 33/6

16-11 4/1 4/8 4/2 4/8 6/2 5/9 6/8 8/8 6/6 6/1 6/7 6/4 6/4 6/6 19/4

7-1 83/1 60/3 54/7 46/5 33/8 25/9 31/3 31/8 25/6 23 23/3 22/3 22/6 22/9 22

17-1 10/6 10/3 10/5 11/5 14/7 16/6 16/3 17/4 16/1 15/9 16/7 15/6 16 16 39/7

5-37 4/8 4/6 4/5 5/4 12/8 25/8 28 31/8 35/1 36/6 41 40/3 43/7 44/1 46/9

G-G 77/3 71/1 77/4 67/3 59 35/8 44/2 39/9 41/1 44/6 53/2 56 67/2 75/4 44/7

5-38 15/5 12/5 11/4 12/5 14/8 14/9 16/6 18/5 18/3 17/7 18/8 19 18/5 18/6 33/9

5.39A 5/9 4/7 3/4 4/5 5 6/3 5/8 5 6/4 5/9 6/6 6/9 6/8 7 50/5

16-16 6/9 7/3 8/1 8/6 11/4 13/6 13/2 11/1 13/3 12/7 13/5 13/1 13/1 13 43/8

100.2 11/4 11/4 11/9 12/9 16/1 16/9 17/7 16/2 17/9 16/9 17/9 17/2 17/4 17/5 40/1

>��+&�����:�S ���� * =�(6: #L�%- ?�@)�A�*w-Sc(�
<,!:� '��.��& ?�@)�����$� �,(!(� �� �6�P O�$� #A �@(
Sample 1 2 3 4 5 6 7 8 9 10 11 12 13 14

Ba 26 <2 104 47 63 38 84 48 31 75 39 20 25 53
Cr 34 248 279 284 259 535 268 254 255 184 178 357 177 271
Ga 22 19 17 18 16 14 17 20 16 16 18 19 8 16
Nb <2 <2 2 2 3 3 2 3 4 2 6 2 <2 4
Ni 44 83 95 79 94 139 107 110 73 77 105 103 126 78
Rb <3 <3 <3 <3 <3 <3 4 <3 <3 <3 <3 <3 <3 <3
Sr 235 70 160 91 72 127 83 96 93 68 47 170 44 102
V 518 274 298 299 269 240 265 297 252 335 315 368 372 279
Y 13 27 26 27 27 21 27 24 24 31 17 9 48 25
Zn 27 86 77 68 99 56 71 88 85 81 96 61 49 77
Zr 19 66 67 70 71 51 64 69 66 84 76 16 77 69

Sample 15 16 17 18 19 20 21 22 23 24 25 26 27 28
Ba 81 53 39 43 58 31 <20 54 48 55 1223 115 <20 111
Cr 254 225 262 263 258 242 213 223 541 258 69 361 306 50
Ga 15 21 16 15 13 18 14 17 22 15 19 18 19 17
Nb <2 2 2 2 4 2 3 2 <2 <2 9 3 3 2
Ni 81 63 78 99 82 90 88 87 77 77 41 129 112 51
Rb 4 <3 <3 <3 <3 <3 <3 <3 <3 <3 69 <3 <3 <3
Sr 68 217 58 72 93 166 73 60 446 72 63 189 128 93
V 260 294 275 284 282 294 299 269 275 277 230 277 304 301
Y 26 28 24 24 23 24 24 23 19 27 37 27 25 20
Zn 79 54 77 74 72 60 67 83 38 86 59 58 72 88
Zr 67 58 64 68 68 64 62 65 47 66 152 69 63 51

Sample 29 30 31 32 33 34 35 36 37 38 39 40 41
Ba 32 26 55 107 55 55 317 48 67 41 23 31 30
Cr 171 168 255 302 101 174 330 81 47 375 290 609 89
Ga 8 9 17 18 16 16 19 16 15 15 18 16 16
Nb <2 <2 <2 2 4 3 11 <2 2 4 <2 3 <2
Ni 162 96 80 111 71 81 75 61 59 110 132 180 54
Rb <3 <3 <3 3 <3 <3 32 <3 <3 <3 <3 <3 <3
Sr 19 31 59 171 45 181 299 109 46 160 159 125 60
V 298 275 246 287 376 190 193 282 277 280 326 248 324
Y 60 68 23 29 29 5 25 27 16 10 28 16 27
Zn 58 59 73 69 25 28 74 46 69 93 91 73 56
Zr 72 77 73 72 73 26 114 73 43 23 78 52 71
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<,!:� �6(&,F<�7 �(�,2*#8 �(@�� #A ?.(:�2 �'��.��& ?�@ 95�

6)�A���,6� �A =�(6: #L�%- * �!L� ?�@.(�:� Zr *#Mg �!L� #L�%- ?�@.(�:� }#;2 * ���$#"� ��.�� '((32 ?�#A =�(6: *.

�.(���,6� Fe2O3
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