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�#*#+	 �() �C�B�< $_;� * g%H
Q/. �� -;W%�=@	�� $N

 �%3@�1���2<� #� �=�*+C�, >/(H��%= 2#%/) �^3 2#%3
�#�!���@�+W .Q/. +d� -#��!�@2�CG$� @*+C�, >/(H��%= 

�$L/!�)MHB ( �=*+C�, +
�. *)HB (>��#� 2���
 e$�+3 .
Q/. �$	�� @�=�$2���#� )cm ��:/p=Ø(* �X%�#+, �	�C �C
X%�%W�
>/L�= .J�0 �'$� -;�%
_;�J�0 �3 �#� *  �%C �#�

 >/=� J$�"3 �(Y# ����@�.# �!/. >?#* 1
# .g%H$B�<
 �� �.# +!
� �(Y# ����C$+L" GH. @�=>/(H��%= J�0 �C 

�� +=�{ �-�� yU��� �� Q���%0 .�.# J�0 2*>C >/(H��%=
�=�%(C 1$C ���S @��	 zX%'a� *@�
+!�� +� #� >/� .*� 1
#

 @X�C [%']� �� ����wpc]? >Y�� Q/. 1
# #� �=3�"$J
��>/=� .�*>? 1��*+$�%/$(�9>�� >Y�� @Q/. 1
# #� �=

�� J��0�C �� �%0J�0 �'$� @�=�%(C `�%Y�L�= �� �#�@
g%H$B�<�� +=�{ �=�%0 .+!
� 1=< @�=>$��##-�.@

-# V$C �$L/!� 2�CG$� Q/. �� �� >/L�= 1��� @�=*+C�,9
�=*+C�, �� * >Y��@�
+!+L'� ��+C �� #� 2< -# >�+$, .

���� 1�+
- * �$3��< ��$��L$3# �)+	 @�=
Q/. 1#� �=
O"3$� J�>/=� .* �$�(� ��
%��\ �$��L$3 ��$�
+. ��
+(�

���� `*>$�# ���.+,� -# JY�? @�=)��W��=@B�< $* g%H
_;�
-;W% (Q/. ��>/L�= 1��� �$	�� @�=.

;�"<��=! 
* `�a��b� &�]�# -# k�.�+C��=@I�$� T$�#>�����C�LW *#@�

�#�+C ��%'�@Q/. -# >/'	>= �=@A%B�  �%3 @J') �C 1��� 
* >�<4p!/. ��%'� ��+, �0#�+C 
>.��%'� -#�=@y'F �*<@

�3 |-�� yb��  >0$�+, �
��!� Q/. �a��b� * >@*� +C @
2<�	+, `�%Y �= .� -#$��%'� 2��=@ >0 �L0#�+C �8��%'� -
@ >"� 2�.+,� * c��.)J��04�*+C�, >/(H��%= ��%'� 7

>?#* -# ��%'�BG *:>?#* -# ��%'� SG (#+C@��-< &�]�# 
V-
�=@0%M_ $'$��
�+, E��L�# 
>�> .��%'�v*� �C �=�=@XRF 
*ICP-MS3+3 �C �$��-< * #�G� #�%=# �W+0 �� e
 �!"

ACMEG]3 ��%� �#����W 
>/L	+, �#+I �.�$2#G�W#$�=>@
(Y#�*ZrC�.*$(	 �(%# �a0# k��.�%M
kO)XRF ( -# k�

� `#�%C#+L3 �C v-#>,$L$a3 c$$1�+,
>.��-< �I�
V%9/�±
#+C@GW+'3 %�p�-* �*%9/:#+C @ppm Zr �pp�.# .

�$'W +Y�/) 2#G$�.%3 E�ICP-MSa3 $$>0 1.�%M%(	
��%'��=@*+C�, �
0 �C $�*+LO�#  %
�%�)ion-electrode ( ��

�^3 GW+�$0*+LO�# `��$'$��
a3 2#+�3  �!"�#� $$�+, 1
>.

>�?�� 
�L�
G]3 �
�@0$'$��
Q/. �=@A%B� @��b/� @��%� 

.�+C�g*>F �� �#  >0  ��*< >�.C$Q/. +L"�=@A%B� @
 �%3@=�� 1��� $O=< ���(I$��
>��#� )JO08.(
�#+,$M%L$�=>@>?#* BG[%/L� +3
Q/. 1=�@ �%3 @1��� 

>/L�= . +L�,@~3$$# �� +Y�/) `#+
-# �.# `��H) >?#* 1:
)wt% 7/5w �6/95 (SiO2�)7:/p��:/p(TiO2�)w/�6 ��/�7 (

Al2O3�)7/9�8/�(FeOt�)�7/8�6/p(MgO *)5�6�/8(
CaO .W+3$�W# e$�=>@(Y# �. �� $�#+,%/$��=@>?#* SG 


� �C �S#%/O$. 2#G$($�$&%)96/78 �:5/78 =SiO2(>. �
c
)9p/9�46/9=Na2O(.�L� *$c)ww/��54/�=K2O(* +3X�C

/�$G
&%)p7/p=MgO(�(W �$c)p8/��66/p=CaO(1=< �
)p8/��66/p=(FeOt3 *$��L$&%)�:/p�p6/p=TiO2(+L'W

Q/. �C �H���=@BG �.# )g*>F�.(+n �C �F%3 �C
e
�%�< -# [�H0#$/$&%

]X%� �H�� �ASI = Al2O3/(CaO + Na2O + K2O) [
�#+,$M%L$�=>@>?#* BG�%�<�L� $'W �3 1��%�<+� $1

)p5/��68/p=ASI (��? �� >/L�=�. �W $�#+,%/$��=@
SG `>0 �C�%�<+� $1)8p���:5/�=ASI (>/L�= .

�=�#�%'�@~3$$(Y# +Y�/) `#+��C �H�� SiO2#+C @Q/. -
�=@A%B� @ �%3 @O0 �� 1��� J4#  >0 �M#�# >�..�+C -#�
#
� �=�#�%'� 1�L� 2#%3$Q/. �� �W �	+, �]�=@

�#+,$M%L$>@�C(W �%U�#G	# �C 
� V$2#GSiO2���� -# 
+
FeOt �Al2O3�CaO �TiO2�MgO *P2O5+C * �L.�W 

�$2#GNa2O*K2O�  �*G	# ��%0)JO04.(#
#� �=>�*� 1
����W �%(H3 �C 2#%3��=�
��_;� >/�
L/!� �>/(H��%= �-;W%$�

3��< *$* �C ��
>?#* ��  xBG�#� �H�� �..�+C�W+3 $e
'W +Y�/)$E�)g*>F�(~3 >�*� *$$# `#+
�C +Y�/) 1SiO2

)JO09(`*�B3�=@�F%3 JC�I �#��#+, >?#* *� �� $M%L$>@
 �%3@� ��"� 1��� ��-�. .C �C#*�$'W +Y�/) 1$�� E�

 >?#*SG�C �� $��@�#+, �C �=�#�%'� -# $M%L$�=>@BG 
!/=�'=���#>� .�C� g��� 2#%/)$2#GRb �Ba �La*Nb �� 

>?#*BG#G	# �C 
. V$($� V=�W k�
��? �� >C����%'� �W-
�=@SG+3X�C 2�%C #�#� �C 
���� 1
+SiO2*�? �@�$2#G
X�C�
# -# 
>/L�= +Y�/) 1)JO09.(
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+�d�@��L]�>@+BaF �+	 
2�2#+
# �.�/0 ���W * �.�/0�%(C �(]� t��

@�'�)�L�
3 -# JY�? �G]
�@0$'$��
(Y# +Y�/) �)wt% ('W *$E�)ppm (��%'��=@1���  �%3 -#  >0 E��L�# .ASI =+n
[�H0# e
�%�<$/$* &% TZr =���@- -# [�H0# 
L��. �F�� �C 1W+��#+,.

Sample No MO16 MO14 MO17 MO18 MO1 MO10 MO3 MO2 MO13 MO7 MO8 MO11 MO12 
ID MHB MHB HB HB GB GB GB GB GB GB GB SG SG 

SiO2 �8/9p ::/9p 8w/9p �:/9� w7/95 ::/9w 57/5p �8/5� w6/54 9w/5w 79/5w :5/78 96/78
TiO2 59/p 5w/p 94/p 95/p 7:/p 4:/p 4p/p 86/p 84/p :6/p :5/p �:/p p6/p
Al2O3 p4/:p 76/:p 54/:: 76/:� w�/�6 45/�6 76/�w :w/�w �9/�w �9/�7 p6/�7 4:/�5 86/�5
FeOt 77/6 6:/6 p5/5 :8/5 94/9 5w/9 7�/4 w9/4 85/8 84/� 44/� p6/� p�/�
MgO 58/: 86/: 6�/8 w:/8 �9/8 79/: 84/: 4p/: 9w/� �9/� 6:/p p7/p pp/p
MnO �6/p :p/p �7/p �5/p �4/p �p/p �:/p pw/p p5/p p:/p pp/p p:/p p4/p
CaO 98/�: :7/�� 6w/w 6:/w p�/5 pp/5 �p/9 47/4 �4/4 w6/8 6w/8 66/p p8/�
Na2O :9/: p8/8 66/4 7:/4 9p/4 4w/9 7p/4 7:/4 6:/4 44/9 95/9 9p/9 46/9
K2O 55/p 57/p :4/� 98/� 99/� w:/p 7w/� 75/� 44/� 78/p w:/p 54/� ww/�
P2O5 �w/p �w/p ::/p ::/p ��/p �8/p p6/p p:/p �:/p p7/p pp/p p:/p p�/p
L.OI. 68/p 67/p 64/p 65/p 76/p ww/p 6:/p 55/� 67/p :8/� 65/p 7:/p 85/p
SO3 pw/p p7/p p4/p p4/p p:/p p�/p p�/p p�/p< p�/p< p�/p< p�/p< p�/p< p�/p<
Sum �/�pp 4/�pp �/�pp �/�pp :/�pp 68/66 5:/66 75/66 69/66 w5/66 7w/66 w4/66 w6/66
ASI 74/p 76/p ww/p w9/p 66/p 64/p 66/p p8/� p5/� p:/� 66/p 8p/� :7/�
TZr :/5p8 9/5:� 6/569 5/567 �/7:w 4/7:7 4/798 8/7wp 9/7wp 7/75p �/798 6/w7p 7/w77
F 4w9 457 6wp �p8w

Rb :/8 5/4 �9 5/�9 :7 8 :/�� 7/�p 9/w w/8 5/4 4/w �/6
Be 4/p 4/p 7/p w/p 7/p w/p 7/p w/p 6/p w/p 6/p 6/p 6/p
Sr w/5�6 5/5:6 �/75p 9/798 :/8w8 4/896 8/846 5/849 9/889 :/:89 6/::w 4/w5 4/�p:
Ba 45 99 �5w �96 :pp 74 :p9 �w� �4: 9: 7w �6: 886
Sc 5/�7 7/�7 �/:4 5/:9 8/�: 8/:5 :/�6 w/�7 9/�8 8/�� 6/�p 7/5 6/5
V :/:98 �/:56 :/:�8 4/:�6 w/�7� :/�98 9/�49 5/�:7 7/77 6/47 w/45 :/w ://9
Cr �5 :�1 6 �p �7 :w 9w 86 :9 46 48 �7 :7
Co :/:8 w/:5 8/�9 8/�4 w/�9 6/�8 8/�: 9/�� 8/6 �/p< �/p< �/p< �/p<
Ni 9 9 9 4 6 5 7 5 8 8 8 8 9
Zn w6 6: 44 4� 4p :9 49 :6 8: 5 7 �� �p
Ga 7/�� 8/�: 5/�8 6/�: �/�6 w/�w 9/�w 5/�w :/�6 w/�7 8/�7 8/8: 6/8�
Y 7/7 8/7 w/�: :/�8 8/:8 7/86 �/�6 7/:p 4/�7 �/:9 8/:8 5/8p 8/44

Nb 5/p 7/p 5/�p 6/�p 6/�4 :/�4 5/�� 8/�p 9/�p 8/: 6/� 7/�8 w/�:
Ta :/p 8:/p 9w/5 58/5 :7/p :5/p :7/p :5/p :5/p :7/p :w/p :6/p 88/p
Zr 85 4: ��w �:8 ��4 �:� �48 �w4 �5w �8: �:9 8�: 84:
Hf p5/� �w/� �7/8 88/8 77/8 p5/4 77/4 64/9 84/9 8:/4 �8/4 84/�7 p�/�6
Pb :�/�8 94/�9 86/4: 55/8w :�/44 �w/87 8p/�4 �:/�7 6w/�5 �:/�4 ��/7 p8/9 �4/5
Th �p/� �:/� 44/� 98/� �8/8 ww/: 4:/: �8/: w4/� w�/p 94/p 75/4 w6/9
La :�/: �7/8 6w/�p w5/�� 6:/6 �8/�p p8/7 6w/5 p5/6 66/4 68/4 �9/�� :�/:8
Ce p:/�� �:/6 w8/:8 w6/:9 p�/:9 �5/:7 7w/:p �4/:� pw/:: 69/�6 58/�6 w�/:9 79/46
Pr 88/p 89/p p:/8 6w/: w:/: 4�/: ::/: w8/� w�/� 76/� 69/� :9/� 97/:
Nd 6�/� 68/� 67/�9 5:/�9 68/�7 89/�4 95/�� �6/�p w:/w �:/7 w7/6 87/5 44/�:
Sm 47/p 4w/p 9/8 45/8 4w/4 �8/4 98/8 9w/8 5w/8 �p/8 :�/8 96/� 7p/:
Eu :�/p ::/p 46/� 9�/� 4�/� :6/� p5/� p4/� 6:/p 5:/p 9w/p :5/p :9/p
Gd 7:/p 56/p 49/9 8�/9 5�/9 �4/9 5p/4 7:/4 8w/4 49/8 5:/8 4w/: w�/8
Tb �p/p ��/p 7w/p 75/p w9/p wp/p 56/p 9:/p 8�/p 47/p 49/p 4w/p 7p/p
Dy 56/p 55/p 8:/4 :5/4 8w/7 �8/7 ww/4 89/8 64/� �:/: p9/: :9/8 67/8
Er 44/p 49/p 58/: 96/: 55/8 6�/: w6/� 5�/� 69/p 49/� w8/� �:/: �p/8
Tm p5/p pw/p :5/p :9/p 8w/p 89/p ::/p �7/p �8/p �w/p :p/p :9/p 85/p
Yb 89/p 87/p 4p/� :�/� 8w/: 4�/: w7/� 9w/� 88/� 9:/� 46/� :p/: 9p/:
Lu p7/p pw/p ::/p �6/p 89/p :6/p �7/p �9/p �4/p ::/p :�/p :8/p 8p/p

Sum REE 9w/�w 7�/�7 w9/78 w6/79 �w/w: 9p/7w 9p/5p w5/95 99/99 6w/45 p:/9p 44/97 97/�p9
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>(F�� ��'0 ���G$
�� ���r 0%M_$'�Q/. �#-�
��W *�#-�
Q/. �=@A%B� @1��� . . .t��

93�Aa3$$+. 1@�',�� �
Q/. �=@A%B� @��  �%3 �=�#�%'� -#  ��BL.# �C 1�@)K�# (AFM *)E(SiO2-K2O.▲=>?#*BG f∆=>?#*
SG f= +MHB f■=HB.

93�B�=�#�%'� @�3*� �
~3$$�W# `#+$�=>@(Y# �. +C#+C �� $($#+C k@Q/. �=@A%B� @1���  �%3 .JO0 >/��'= cM;)4�.# .
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+�d�@��L]�>@+BaF �+	 
2�2#+
# �.�/0 ���W * �.�/0�%(C �(]� t�r

93�C�=�#�%'�@�3*� �
~3$$S+C `#+�+Y�/) 'W$E��C �H��.$($#+C k@Q/. �=@A%B� @ �%3 @1��� .JO0 >/��'= cM;)4�.# .

3%HO/) �#�%'���L0%, �C �H��  >0��]/�C @�*# $�� �
Q/.�=@�#+, $M%L$>@ �%3 @W�? 1��� �/D -# �,>0�+Y�/) 

�$	%L$��GC J
2%)LILE (�3 *�,>0 �+Y�/) Ti �Nb *P
�.#)JO05E * K�# (�W�=�',�� `���"� �C @TU�/� 

�#%�'= V�#�*+	���#� ]�:.[�=%!�#@W�S ���� +Y�/) �
)REE (�>/W �C �H��  >0 ��]/�C
�#+, �� �$M%L$�=>@BG 

0 �C �#%'= z�LH��$e
/D * �S#%/O�,>0�H�� ����� +Y�/) 
W�S�NH. )LREE (W�S ���� +Y�/) �C�!/. $1)HREE (

]9/4��/:=(La/Yb)N[W *'��3�,>0 �
�*�%$&%)]w5/p�
9:/p=(Eu/Eu*[>/L�=)JO05`.(�=�#�%'�@REE �� 
.$�#+,%/$��=@SG+=�{ @OB3 $N
�L	� +3]:/5�4/8=

(La/Yb)N[�3 �C�,>0�>0
+3>Eu)] 4p/p�:8/p=(
Eu/Eu*[� 2�"��>/=�)JO05�.(

�=*+C�, >/(H��%=@+. +d� -# 1��� @�',�� �
�W+3 $e
L�~$z�LH�� 2�.%� �C +-
��@� 2�"� �>/=�)JO08.(�C �LH�#

L0�H�# �	�C �()�)cumulate (�=*+C�, ��@1��� �a3$$1
=��$(Y# ��#
Q/. 1W+3 -#  ��BL.# �C �=$�W# e$�=>@(Y# �

2�O�#��
� +$��.#+C�/C
W+3 1$# e
Q/. 1'� �=�%,-�C >�#%3
 >//W@�',�� @�*# $>0�C �.%F* �C `���"� �
Q/. 2��O

��!�@�=*+C�, �� @ �%3 @W+3 �1��� $0 e$'$��
#
Q/. 1��=
* �C
'W +Y�/)  x$JC�I `*�B3 �E��F%3�C$�=*+C�, 1@

�$L/!� 2�CG$�)MHB (�=*+C�, *@L/!� 2*>C $�)(HB 

� 2�"��>=� .�$. 2#G$($�'= �� k@+�3 �=*+C�, 
�C�"� z�H
 �.#)���*>?9p�-* >Y�� �.(��%'��=@MHB#�#� @1=< 

)wt% 6/6�7/6(3 �$��L$&%%)5w/p�59/p(G/!/� �):p/p��6/p(
�(W *$c%)9/�: �8/�� (C$�%�< * +L"$/$&%%)w/:p �:p(�

/�$G
&%%)5/:�4/:(>. �
c%)8�8/:(.�L� �$c%)57/p�59/p(
+B�	 *%)�w/p��7/p(+L'W@�=*+C�, �C �H�� @HB 

%)] 5/::�w/:� =Al2O3�6/8�w/8=MgO �9�7/4=Na2O�
9/��:/�=K2O*::8/p�:�6/p=P2O5[(>/L�= .W+3$e

'W +Y�/)$Q/.  *+, *� �� E��=@*+C�, �
 �%3 @1��� 
`*�B3�=@�d?;� JC�I #@� 2�"� �>=� :��? �����%'� �W -

�=@MHB �+,%, +d� -# )wt% pw/p�p7/p=SO3(+Y�/) *
G(	@)ppm:56 �:/:98V(�):���5(Cr�)w/:5 �:/:8(Co �

)��9��p7(Cu *)6:�w6(Zn �C �H�� HB/D �,>0�
� 2�"��>/=�)]wt% p4/p(SO3�)ppm:�6�:�8V( �

)�p�6(Cr �)8/�9 �8/�4(Co �)8:�:5(Cu *)44�4�(Zn[( �
�. ��
+Y�/) +LILE *HFSE)Rb �Sr �Ba �Sc �Y�Nb �

Ta �Mo �Sn �Pb �Th *REE (�3�,>0�>0
>@�
 >
���%0)JO0�=@5i * �(�C f�%U@� �W $���� +Y�/) 2#G

W�S���HB)ppmp6/75�pw/74 =∑REE (C �C$-# V4
�= ��%'� +C#+C@MHB)ppm88/�w �4�/�7 =∑REE (��-

>.�.
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>(F�� ��'0 ���G$
�� ���r 0%M_$'�Q/. �#-�
��W *�#-�
Q/. �=@A%B� @1��� . . .t�t

93�D3%HO/) �#�%'���*# �L0%, �C �H��  >0 ��]/�C $�]�8[#+C@>?#* BG)K�#(�SG)E(/(H��%= *�=*+C�, >)�(* f%!�#@REE ��]/�C 
�>/W �C �H��  >0
�]�4[#+C@>?#* BG)`(�SG)�(�=*+C�, >/(H��%= *)i(1���  �%3 �� .JO0 >/��'= cM;)4�.# .
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