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: a��O���P&����(�Q���/��C3�&�C� �<���(?����-.R�"�0&���*�	�?&�
$�(�6������ST8 U��
: b�<���(?�?�V�"��C3�&�C���E
3�2�<�
����(�?������0&���*�	8 
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"�<���(?����-.R�"�0&���*�	�?&�
$�(�6������ST8 U��
: d�<���(?�;B3��
���
�3�O���P&��������	�-.R�"�0&�12�0
����'�/&�
$�(�6�����4S7W U��
: e�<���(?�(�Q���/�O���P&�������	?�X�Y
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$�(�6������ST8 U��
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(a) 

 

(b) 

 

(c) 

 

(d) 

 

(e) 

 

(f) 
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�
$�(�6�����$�BES7A8 U��
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��+���	SiO2��5'�."�(? K2O��B6�&�2�����&�
(��SAH8 U��
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�0��������4��
$��SA`8 U��

: e�-������+
���+2�0
[:�"�����Z����&?�(?�-.R�"�	Y��5'�."�(?Zr���
$�(�6�������"��S7N8 U��

: f�-������+
���+2�0
[:�"����Z����&?�(?�-.R�"�	 �3Zr, 50Nb, Ce/P2O5��"�
$�(�6��������SAW8 U��
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(e) 

 

(f) 
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$�(�6��������"SAW8 U��

: b(�?����(?�-.R�"�	���6
"��
��2Al2O3-MgO-FeO���
;�D���(�EFS^8 U��
: c��(�?����(?�-.R�"�	���6
"��
��2Al2O3-FeO�����(�EF�
;�DS^8 U��
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���
����
��2��-.R�"�	���(�?����	�(��'Ti-Ca+Na���
$�(�6������&���S7\8 U��

����6���	K�9�~9	� �9	�8���-9	�>8&����&��=�u��>����%���$�:<��2�����������)������2�9�)�/$9	� �+��$�����
�����<v$���<v �:��;�)����O��
	
�

�2�,��

��C�&�C3� ��

FLD5��FLD4��FLD3��FLD2 FLD1��Oxides(wt%) 

62.065 62.17 63.051 62.918 62.725 SiO2 

0 1.247 0.041 0.014 0 TiO2 

23.578 22.193 21.863 22.57 22.231 Al2O3 

0 0.578 0.765 0.251 0.496 BaO 

0 0 0 0 0 FeO 

0.254 0 0 0 0 MgO 

5.079 4.291 4.419 4.503 4.895 CaO 

7.662 7.954 8.237 8.37 8.253 K2O 

1.359 1.577 1.619 1.455 1.41 Na2O 

99.997 100.009 99.995 100.07 100 Total 
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!�"��

 

FLD5��FLD4��FLD3��FLD2 FLD1��Formule(160) 

5.52 5.55 5.63 5.6 5.6 Si 

0 0.09 .003 0.001 0 Ti 

2.47 2.3 2.3 2.36 2.34 Al 

0 0.04 0.05 0.02 0.04 Fe2+ 

0.02 0 0 0 0 Mg 

0 0 0 0 0 Mn 

0.49 0.41 0.42 0.43 0.47 Ca 

1.33 1.37 1.43 1.44 1.43 Na 

0.15 0.18 0.18 0.16 0.16 K 

9.98 9.94 10.04 10.011 10.04 Total 

 

7.61��9.8��8.87��7.88��7.76��Or��

67.52��69.9��70.43��70.94��69.42��Ab��

24.87��20.92��20.7��21.18��22.82��An��

��

��+
" ��

Phlo5��Phlo4��Phlo3��Phlo2 Phlo1��Formule 

basedon (24) 

37.37 37.34 37.15 37.94 36.5 SiO2 

5.72 5.81 5.34 5.77 6.34 TiO2 

13.09 13.64 13.77 13.44 13.7 Al2O3 

11.57 11.49 11.89 10.92 12.218 FeO 

16.21 16.33 16.15 16.28 15.97 MgO 

0.1 0.23 0.19 0.3 0.16 MnO 

0.13 0.13 0.13 0.06 0.2 CaO 

4.43 4.47 4.44 4.47 4.45 H2O 

1.16 1.18 1.1 1.32 1.17 Na2O 

9.65 9.38 9.84 9.08 9.3 K2O 

99.43 100 100 99.55 100 Total 

 

Phlo5��Phlo4��Phlo3��Phlo2 Phlo1��Formule 

basedon (24) 

5,52 5,46 5,45 5,56 5,35 Si 

0,64 0,64 0,58 0,63 0,7 Ti 

 [
 D

ow
nl

oa
de

d 
fr

om
 n

de
a1

0.
kh

u.
ac

.ir
 o

n 
20

26
-0

7-
01

 ]
 

                            15 / 22

https://ndea10.khu.ac.ir/jsci/article-1-1233-fa.html


�:P�&9	> �%��N�9�%����mP�<��G�%2�+��7�2�> �:�;��7�2�> �	>&9��9@@@����������������������������������������&	'(�	#$��%���-���8�;�9 

 

!����

2,27 2,36 2,38 2,31 2,35 Al 

1,41 1,4 1,45 1,33 1,5 Fe 

3,54 3,55 3,53 3,55 3,5 Mg 

0,01 0,04 0,02 0,03 0,01 Mn 

0,02 0,02 0,01 0,01 0,04 Ca 

4,33 4,33 4,32 4,37 4,32 OH 

1,8 1,74 1,83 1,69 1,7 K 

0,32 0,32 0,31 0,37 0,32 Na 

19,88 19,86 19,88 19,85 19,79 Total 

��

��3
���
;B3��  

CPX5��CPX 4��CPX 3��CPX 2 CPX 1��Oxides(wt%) 

50.48 53.7 52.42 52.26 52.64 SiO2 

1.53 0.5 0.73 0.92 0.95 TiO2 

2.28 1.16 1.85 2.01 1.98 Al2O3 

0.3 0.17 0.38 0.3 0.14 MnO 

7.19 4.4 5.71 5.71 4.95 FeO 

14.41 16.12 15.52 15.18 15.45 MgO 

23.21 23.39 22.37 22.79 22.98 CaO 

0.02 0.01 0.07 0.02 0.07 K2O 

0.59 0.57 0.89 0.81 0.69 Na2O 

100 100 99.93 99.99 99.84 Total 

 

CPX 1��CPX 1��CPX 1��CPX 1 CPX 1��Formule(60) 

1.89 1.97 1.93 1.92 1.94 TSi 

0.13 0.03 0.07 0.08 0.06 TAl 

0 0.02 0.01 0.01 0.02 M1Al 

0.04 0.01 0.02 0.02 0.03 M1Ti 

0.16 0.09 0.12 0.14 0.11 M1 Fe
+2

 

0.8 0.88 0.86 0.83 0.85 M1Mg 

0.06 0.04 0.06 0.04 0.05 M2 Fe+2 

0.01 0.003 0.01 0.01 0.002 M2Mn 

0.92 0.92 0.89 0.9 0.91 M2Ca 

0.02 0.04 0.03 0.05 0.04 M2Na 

0 0 0.002 0 0.003 M2K 

4 4 4 4 4 Total 
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47.42��47.52��46.24��47.13��47.46��Wo��

41.24 45.6 44.58 43.46 44.26 En 

11.34 6.88 9.18 9.42 8.28 Fs 

��

����
�&;  

Sandin 5��Sandin 4��Sandin 3��Sandin 2 Sandin 1��Oxides(wt%) 

64.421 65.281 64.82 63.227 65.265 SiO2 

0.091 0.272 0.142 0.1 0.01 TiO2 

19.254 19.419 18.916 20.048 19.157 Al2O3 

0.685 0.4 0.698 0.558 0.9 BaO 

0.541 0.27 0.428 0.257 0.42 FeO 

0.026 0.03 0 0.003 0 MgO 

0.656 0.845 0.372 0.859 0.5 CaO 

8.871 8.872 10.38 8.639 9.145 K2O 

4.756 4.599 4.369 4.631 4.585 Na2O 

99.301 99.988 100.125 98.322 99.982 Total 

 

Sandin 5��Sandin 4��Sandin 3��Sandin 2 Sandin 1��Formule(160) 

5.9 5.91 5.92 5.83 5.93 Si 

0.006 0.02 0.01 0.006 0.0005 Ti 

2.08 2.07 2.04 2.184 2.05 Al 

0.02 0.02 0.03 0.02 0.03 Ba 

0.04 0.02 0.03 0.02 0.03 Fe
2+ 

0.07 0.08 0.04 0.08 0.05 Ca 

0.003 0.004 0 0.004 0 Mg 

1.03 1.02 1.21 1.02 1.06 K 

0.85 0.81 0.77 0.83 0.81 Na 

9.999 9.954 10.05 9.994 9.9605 Total 

 

52.82��53.4��59.9��52.84��55.21��Or��

43.59 42.41 38.12 43.01 42.19 Ab 

3.59 4.19 1.98 4.15 2.6 An 

��
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ZU!��

!��VA�8�#�
����K��F�4
���*�b&���AW�<������-������������(�'�L-.R�"�=
��6���	�����BD��'PPm ��

Ni Nd Nb La Hf Eu Cs Cr Ce Ba 
Sample 

Name��

39 35 4 34 6 1��1 80 262 2614 S-84/A4 

105 50 2 43 6 1 1 176 136 1325 S-84/C10��

36 42 6 38 6��1 2 90 233 2369 S-84/A2��

87 35 1 36 6 1��1��85 103 937 S-84/F1 

36 36 5 33 4 1��1 18 117 1084 S-84/A17 

23 70 1 60 6 1��1 22 127 1128 S-84/A15 

48 46 9 45 6 1 1��137 271 2681 S-84/A1 

36��75 2 48 4 1 1��108 124 1199 S-84/A12 

44 37 5 30 6 1��2��101 231 2321 S-84/A16 

46 64 1 58 3 1��1 50 146 1376 S-84/D11 

90 24 1��31 6 1��1��72 97 820 S-84/C3 

53 48 5 47 6 1 1��129 201 1994 S-84/A6 

100 38 3 41 6 1 1 176 137 1327 S-84/C7 

78 37 4 43 4 1��1 155 91 773��S-84/K4 

35 54 3 53 6 2��1��37 133 1218 S-84/D2 

37 24 3 32 5 0 1��82 106 902 S-84/K6 

44 70 1 52 6 1��2 124 146 1389 S-84/A8 

38 26 5 36 5 1 1 32 118 1051 S-84/A21 

44 29 4 36 5 1 1 54 89 747��S-84/D5-1 

43 46 4 43 4 2 1��96 105 974 S-84/K9��

�-"�?�!��VA8���

Zr Yb Y Tb Ta Sr Sm Sc Rb Sample Name��

344 2 48 1 0 1133 5 25 50 S-84/A4 

331 2 32 1 2 1232 7 24 30 S-84/C10��

398 1 43 1 0 1310 8 23 43 S-84/A2��

310 2 32 0 2 1078 6 21 32 S-84/F1 

255 2 38 1 1 936 8 27 24 S-84/A17 

330 1 47 0 0 1290 10 17 40 S-84/A15 

371 2 55 1 1 1132 8 27 63 S-84/A1 

292 1 27 1 1 1189 9 34 16 S-84/A12 

327 2 33 1 1 1137 6 23 28 S-84/A16 

229 2 26 1 1 690 7 27 14 S-84/D11 

300 2 30 0 2 1061 5 20 33 S-84/C3 
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361 2 47 1 1 1325 7 26 49 S-84/A6 

334 2 35 1 2 1236 8 26 35 S-84/C7 

246 2 28 0 2 1021 6 21 22 S-84/K4 

276 1 34 1 1 1005 8 20 30 S-84/D2 

276 1 33 0 2 1130 10 15 34 S-84/K6 

311 2 34 1 1 1372 8 32 28 S-84/A8 

284 1 39 0 1 1071 9 17 40 S-84/A21 

294 2 33 0 2 1133 6 21 31 S-84/D5-1 

262 2 31 1 1 1094 7 30 20 S-84/K9��

��
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