
! " # $

!"#$#!% &' ()&'*

%

!"

&%

#

'

+,$$

(

"

)

-./0!"

!

'.0%

&'()

!

+,$$

*#+,-.$/012*#+34567

8

!

*#9:;<=>?@5+#ABCDEF9

GHIJ

*$+

!

KL*#MN+OP#$QR9OP

STUVWXYZ[

"

\]^*#_`a

#,1

bcSTdbQefg

Yh

!

Ki8j

!

`k8l+mfgYn

!

ok8`

pq+r

#

mst+ufgYn

!

vwx3yz{|

8}o

#

`\]^,-~s+����

*-./+

"

\]^`

�����+mfgY{��8����5$~�

�

!

�|8\]^`�,-8���5$��~

"

�

vb���0���M

!

����K�L

!

b�� 

¡¢�£¤¥

"

¦§¨\]^*#©`;+ª«¬­®¯°±

���ª«¬²³´+µ¶~

0

·¶~=¸

*%12+

$

¨

*#p`;+¹º«\»#n�s¼¯°±½¾§

¿ÀÁ~Â

!

yÃ}

!)! 34

¶Ä~

%%%

Å»Æ«T

Æ«²Ç~+¯°

*5+

!

ÈÉ±¹º«\»#n¯Ê

 Ë�Ì~Â

!

¹º«\»#n�ÍÎ{|8}Ï

Ð§¿À=ÑÒÓÔ+#n

*"1$,+

"

�vÕ~ÂÖH×

�ØÙ\]^#ÚÛ�+,-3Üyz

"

¨\]^*#`�+¹ÝÞß

!

¨à»áâE

ãä�¯Êbå��Ì¶~

!

v812\]^`�

+,-æç± C+�£èé

"

ÍÎ

!

êëi(ØD

ìí~îïð ñSZ[+òó

"

!

#$EF

¹ÝÞßô0\]^*#`�

.

8\]^*#

Û+bõö÷34ø�

.

ùq`pp

!

9oú<o;

s�7

!

#ûoú<4<hì\`ü�ýt

"

þÞß

`�Koú<<§�ÿh8j

!

o�K!o�ÿì

"#`�ÿ8j

!

p©$%&

2,, 67

!

o`�

$,8

5, 67

!

'�&

/$-,, 67

-

"

à»áâEã(`©

©

%

oppqô0¹Ý#np�

&

)

$

'"

þEão

#

`*!

#

Ï+Ø#N¯Êy, ���

!

`*-.=

!"#$%&'()*+,-./0123

!"#

$

$ %

$

&'(

-

) *

$

+ ,

$

-./

/

!

$)

!"#$%&'()*+,-./012345

"

6789:;

!

<=

#

$,,,"/

$

-)

67>(?@A(BCDEF

GHIJK

"

LM NOP

"#$,,,9/)

67>(LM(BCDEFGHIJK

"

LM QRST

"/#,,,

#

45

(

*#,-}/&*#6Ü0193456+23Í4ýb

!

12*#,-}56*#34y,+Z[78

"

\

]^*#`�û0mfgYn

!

��i,-85$��~

"

9:/vb��;<\]^*#`�¹ÝÞßà»áâ

Eãä�ÑÒ+��Ì¶~=7±>Â

:1;<

(ØDì~Â#A1D12

"

12Ùâ

!

¶~!>Â+

-,2

;<=

-!"

:

(?

@!¨

&

55>)/2 >)"

'

?48

&

5"5)$2 2)"

'

?4

!

ÙâAB6Ü0Ï��ØC'

!

ØÙ&

",, ?4

¯++DEFB

!

vb34

GR6Ü±\]^*#`�+,-

"

¶~

@AB

-

H¾½0

5,C

!

IJ$ÖSH¾e

!

&D

-

B

/

#

E

-

B

K@

$

LM�4N¾

F

!

GHHI

�O8

$223$,

12

.

LM�4PSQc(RSTU

.

ð l+m

H'

gY

$

eVu�4

J4

#

K<

#

JA

Wð mgY

.

½XYZÂ�4

G<

#

L4

Wð rgY

"

[>í~îï

!

\�þ5$~}bå�ÂJ]~^5$6Ü+�5$~

"

v

9\`_fmgYy,`H

!

vw.$+,-uabc

!

¨d'Ù°Ñ34�efa½93456ug

"

6 7 8

(

à»áâEã

$

¶~

$

:1;<

É(

$

�5$~

$

,-

$

\]^*#

9:;<=

(

;>M5

N

)!

>?@AB

(

&

>CD=

(

$,,,1!2>5

&

-,$$

'

,%1,",M1$$

EFGH

(

-,$$1,%1$,

$

IJGH

(

-,$$1,>1-,

KLMN

(

"hijkD,lZzm¦

&

%,5!MM,2

'

ì"hZz,n12¯ëopm¦

&

-,,2OL-,-!,,

'

qHrs

"

OPQR

(

tu¯

!

v

!

$M25

(+

!

wx

!

yz+{|

!

34#$D9ÂO#$D}~

!

I'�G��*#34S69OP��12��

$

H174ADP QRSRT(U4-"-V-2/)TRW

"



! " # $

!"!!

%

&'()*+,

!

-./01

"##$%&#

"

23-.4

5!6789:&;<)

!

-./01

'&#$'##

#

=

>?@:ABC;DEFGHI1JKLM?NO

FP

#

!

QRST=>@:EFUVWXY

Z

"#$%

[\]^%

!"#

!"

$%&'%()

#$%&'()*+,&'

-.

_`abcd-!?e$FfgABhi

#

j

d-kl?mnop!qrst?EFAB

!

uP

\vjQRSTw>@:?xyz{|}~L�?

xy����

$

�

!

%!

�1I�d#fg?F��

�G%���������

&

AB#.1C;D�

�V�EF

&

FV��

!

����

!

�:��e��

�

!

r��h+,

!

qV� ¡¢

!

£�¤+¥¦�

&

EF!qNOF§¨

!

9:©ª«¬­®F0¯°_

±²³

&

jEF!´µ

(

`¶·

)*("+(

G

*(#+!&,

¸¹UV

-./012 3+24

%º^»

!

\v¼�

!

&

UV?

-./012 3+56+24

[\]^½jk

¾WXYZ!¿?ÀÁÂÃÄ¸¹

&

ÅÆ^¶·?

U V Ç P G È É Ê Ë Ì Í ? Î ¶ U V ¶ ·

5718/9

:'#;'%<

�¤ÏÐ¶·Ñ

!

ÒÓ&UV!¿:

\ÔB

!

¸¹Õ¼ÓGÖ×+Ó

$

=>

%

ØÙ

!

}Új

¸¹

-./012

^½Û

!

ÜÝUVÇP!?ÞßGà

áPâã±ä-åæ^ç\v

&

èé?ÂÃêÁ¼

�

!

QRSTë>@:EFAB?-ä\v

$

?

%'

QRST=>��ìí�

(

4

%

~��-$îs

(

@

%

2A

)

C;ï

"

5

'

!

*

9ª«8ðñòó

"

5

'

"

*

9ª«8aôõöó

"

B

!

#

*

÷678ø±ó

"

B

!

$

*

÷678xyó

"

B

(

%

*

!678

öùúûSó

"

B

'

&

*

9678ü;ó

"

B

'

&

*

9678ýþÿó

"

C

!

$

*

÷!"8ÍR#có

"

7

(+'

*

$

*

%�8&'(ó

DEFG! >H@?AEHI HJ K@6EKA ?A A6L @HML HJ 5NFLMOEIF ?IAE@PEIL

(

?

%

; KAMN@ANM?P HNAPEIL O?Q HJ 5NFLMOEIF ?IAE@PEIL

(

4

%

?IR

KAMN@ANM?P FLHPHFE@?P @MHKK+KL@AEHI

(

@

%

2A+2MHALMHSHE@

"

5

'

!+3QQLM 5ME?KKE@ .N?IFK6?ITEL DHMO?AEHI

"

5

'

"+3QQLM 5ME?KKE@ 5?PEUEVL DHMO?AEHI

"

B

!

#+>HWLM BNM?KKE@ 96L

DHMO?AEHI

"

B

!

$+ >HWLM BNM?KKE@ X?IFYE? DHMO?AEHI

"

B

(

%+1ERRPL BNM?KKE@ CLSEPELPNM DHMO?AEHI

"

B

'

&+3QQLM BNM?KKE@ ZEFN DHMO?AEHI

"

B

'

%+3QQLM BNM?KKE@ C?P?S? DHMO?AEHI

"

C

!

$+>HWLM =MLA?@LHNK X?FLPELON DHMO?AEHI

"

7

(+'

+ 7H@LIL+8PEFH@LIL -NWLE[E DHMO?AEHI

\!&



!

!"

" !

#

#

$%&

$%&'

'()

!

*+,-

&()

*+

./01234

!

56789-:;<=>

%

!

?@<=

"

ABCD

E<=>

%

"

F@<=

!

@GHGIJKG

% ,-

-

,L9

"

MNO*

&(.

*+/

&!"

0

:;IJ

&(1

*+/

&(.

*+

:

;

"

:;PQRSE>

234

-TUV

!

!"!

!"#$%&'()*+,-

WX

5&)6&

OYZ[\]^_`

"

abc>d

YefgI&hg

"

i7jklm-nfgoe

!

p

WXq./r

%2

69-Ms

"

tuvw

%

#

x

&6-

yx

7

!

ab:;z{M|}

!

6~��

$

x

)

%&

$

11%8.! 383

%

9- :

$

1"18% ! .8"

%

9-

"

�{

%%8%

#

%&8%

#

%.8%

�

!

6�:�-ab

&(.

*+/

&!"

0

:;RSE>

$

1138!!38"

%

9-

'$

%"!) ! !3

%

9- :

$

%2)" ! %2

%

9-

'

$

&12) ! %3

%

9-

!

"(( 9-

��-,9k

%%

6

!

$

11%8.! 383

%

9- :

$

1"18% ! .8"

%

9-

-�h�`

��

"

oeYe�V�

"

>,9k����ab

'

}

%"(( :%2(( 9-

-�h�`_����

"

Ye�V�

"

&hg

"

k_L�V��

"

��G��ab

!

WX

5&36%(

OYZ[��_`

"

abc>dY

efgI&hg

"

i7jklm-�fgoe

!

��

� x¡¢£¤M�hk¥�¦

"

§¨VlH

"

©ª

,L

!

pWXq./r

%1

69-Ms

"

tuv«

%

#

x

&

#

x

3

yx

.

!

¬WX

5&)6&

FD

"

ab:;­

M®

"

§}

"(( 9-

��¯k_6°E

"

q

%(

6,

x

&

±²³´µ¶·¤¸�ab¹º

#

,»9BTy:;

;<=8& ><?@AB @C-?-@DE?<FD<@FG DEFD HA<BD HAF<D<AB -BI -=E AJ F@C<FD J?AK DCE @A?E AJ LM=E?K<B= -BD<@N<BE

¼½�&

&

±²³´µ¶·¤¸�-:¾¿¬ÀÁÂÃ

"%%



! " # $

!"!!

%

!

!

"#$%&

"#$%&

'

"&'%()

()*+

*+,-./ 0%/1

,-

23145 ! 6789:; *+,-./ 0</1 =3>3 :? @9A7@>

.

@3BC45 D&$<& 3;= D&'<!)

(

&

!

"#$

%&'

"()

*

'()*%+,

"

+$$#+,"

#

-.

$

-./0

/"01!#

1

/"21"

*2345#6

!

789:;<=>?@

!

AB

"

C/0DEF

3456-%

%+GHIJKLMN

$

"

C/0!*O

PQ5RDS&%+T!U

)## -.

VW

!

XYU

BZ9O5[\]D#$^_

!

G`aXbcde

#fgDhij9

!

klmnopqDj9

$

Br

!

stU5uvwxD%+yz

!

XY{|!Ovw

}

%

~�,

!

!

&

%&7

�

%&

!

��,������iA�

&

��/0S�Z9

!

1���S���.����/0D��/0

89-:5;

'()*�D~�,

#,!+<

'

!

"

($

)!"



!

!"

" !

#

#

$

!

%&'()*+,-./0

!

$%&'%

"

123

(!

)*

45$

+,-./ 0,1234 (')* 5-6 2342317,5 7,5-158 39 :2;,:<

=$%&'%> 9138 <;6 2316 39 ?@-618,4- 54<,2A,46

$

&

%&6()*+,-./0

!

$%&!%

"

72389

:;$

+,-.& 0,1234 5-6 ;,:<3-158 39 :2;,:< =$%&'%> 9138 <;6

2316 39 ?@-618,4- 54<,2A,46

$

B

%&6()*+,-./0

!

$%B'CD

"

123

(!)*

45$

+,-.B 0,1234 (')* 5-6 2342317,5 7,5-158 39 :2;,:<

=$%B'CD> 9138 <;6 2316 39 ?@-618,4- 54<,2A,46

$

E

%&6()*+,-./0

!

$%B'CD

"

72

389:;$

+,-.E 0,1234 5-6 ;,:<3-158 39 :2;,:< =$%B'CD>

9138 <;6 2316 39 ?@-618,4- 54<,2A,46

<=>1?@

#

AB23CDE(C1.F231

GHIJ

$

?;F(

KLMNOPQ

D.C

$

RST(-

.UVW.F231XYZ[

$

R\]^_`_2

3

$

ab/0

$%B'CD

7Ecde

#/C G5

189

L

$

fgVhijBklm

#

!

%&'()*+,-.1gno

pIJ

%&6()*gq1-.

!

$

C

"

r[st>u

Nvwxyz{|1%&'(}*+,

$

E~��

[

#

�`�gV�q��

CHEI

8����gq

C"%D

�q�gV$�����g�b

$

�������

�@��

$

��B���f���d 1gnop

>¡¢m£

$

l�f¤.¥V

$

¦§f=.G¨�

gn©ªp)«

#

!"#

!"!#$%&

%&6()*+,-.

!

$

I

"

¬B­®1U¯

°±

$

-²±³

#

´�µ=¶·]¸¹3

BDJ

%

3º

#BJ

%

»¼

!

½»¼

%

¾»¼5¿»¼

"

#J

%

À¶·

=

Á

Â3

$

ÃÄ¶Å

>CJ

$

¹ºV¶·°¯[

$

ÆÇÈÉ

$

3ºÊ]ËÌ

#

.3ÍÎcÏ(C

$

-ÐoÑÒ

#

½

»¼ÓÑ_ÔÕ3oÖÔÕ3o·V×ØÙWZ

Ú

#

-Ðo�ÛÜ§ÝÞ#Ì=1ßàá

$

fâ,

>ãäÔÕ3åæ

#

ç�Ñc­®1UVIJ¶

·

$

�.3]q�UVèé1^·

$

UVÛêZë

#

ìíAî

$

ï�ð.3ñò]»¼3º-.

#

!"$

!'()*$%&

.3op>¡ó7ôgVMp

!

õö

"

�÷7

øùÑÅ

&

%&6(ú*+,-.18ûp¢±³hi

"C/



! " # $

!"!!

%

&

"

'()*+,-./01234

!

5&

"

678

#

9&

"

:;78

$

%

#$%$&$'

<=>

()*+)

#

,$-$.$/

<=>

()0+!1

&

23.4" 53&678&793& &/#6#&:,638:3&8 7- 8&/38: -67; :/, &76, 7- <=.,6;3>. #>:3&?3>,

%

#$ %$ &$ ' 6,-,6 :7 8#;9?, ()*+)

#

,$ -$ .$ / :7 8#;9?, ()0+!1

&

@!*



!

!"

" !

#

#

!

!

"#$%&'()*+,-

"

./01-

#$

%&

.234567

'()*+ ! ,(-./ +*+0+12

-

3

.

(14 2/(5+ +*+0+12

-

67

%&

.

(1(*89+9 .: 95;<92 :/.0 2;+

5./+ .: '=>+/0<1> (12<5*<1+

$

!

$%&'()*

+

%&'()*+,-./0

"

123

"

45

#

6789:;<=>?

%,,-&.

@A

BC.

/01234

DEFGHIJKLMNO

$

P7

89:Q=>?RST@ABC.

5678,.9 :344&

D

FGUKLMNO

%

VWXY5Z[>?\U]^

_*`

5;<=

a5?\Ubc:;51d)*`

>

?

a

>

=

NOVWU7ef

"

VWghij

!

+7

&

@A

&

@B

&

0C

%

?4DE?3D

'

4k89lm

?4D

"

no)

pqd.67aP789VWrstu

=

"

no)pqd.

07F

=

v7wbm

:4D

'

xpU

yVv7z

"

d)5

58

=

F

!

&

G

=

F

{|

'

}:~d�U

3V���b

"

+&

=

FHG

=

F

0

'

`�

I=#1=

a

I=31

?4

V�%

4J4#

&

4J43

'

���

'

u�4~d��v�

�����U3V

"

=

�no)pqd`�.��v75E

'

V�

%

?3:J=#!?4

1K

a

?KKJ?K!?4

1K

'

%>LLHM>LL

%

2J?

a

=J?

'

�����{|

"

���V��

(

�

"

)

u�%

�z��.����

'

�� ��.¡¢£�

%

¢8

9=¤�5¥{|=�x)5

'

¡¢£�. �

'

*

¦§no)pqd.~d3V5�x).v7¨�

%

=

�no)pqd`�.bFG©)89

>)

v7%

2NJ#3!?4

1K

a

::J=N!?4

1K

'

O&

%

#?3J=!?4

1K

a

="K!?4

1K

'

0B

%

N3J2N!?4

1K

a

3=JK"!?4

1K

'

v7�

�ª{

$

z«¬89

PB

%

?:?!?4

1K

a

?#2J=!?4

1K

'

Q&

%

4J"!?4

1K

'

v75E

%

RA

&

MS

&

0C

E89v7¨

�

'

��<­UXY5HB®¯°±[²³

%

=`�

.~´\µ*+,¶·�M

(

�

"

)'

¸¹\u�%

bFG©)89ºz«¬89{|

'

»¼

0B

&

O&

&

Q7

E89

'

½�¾�3¿ÀÁ

%

!

~dÂÃÄÅÆ

ÇQ­U±[Èd).P789y3<�ÉÊ

.

%

Ë��/�­U.aÌ­Ud)5ÍÎÏP7

89.­,

%

ÎÐ<ÑÒÓÔ��ÕÖ×ØÒÓ.

89±%~dÂÃ.*¦

$

ÙÚ­U±[NO4Û

ÜÝ�Þß­,.89

'

�±%­U±[ÀÁ.*

¦

%

Q7

&

PB

&

+7

<�tØÒÓÔ89

'

��[m­U

d~dÂÃ

%

àádaâ3d5

Q7F

=

a

07F

=

v7Ý¡�

ã

'

ä=

07F

=

v7�Í.åæçàádÎÐ/â3

dv��z.

Q7F

=

%

07F

=

1Q7F

=

�è�éê[mÈ

ëìíxpUqîd

$

ïðqîd

*

3¿ñò

'

óô

õm­UàádÕ­Uâ3d

%

ö��m÷V��

àádº5øÔâ3dùs�ú

%

û�

2

²�

'

d)

`�ü=­Uàád÷

%

ýþHE

!

ÿ!"�#�$%qd.&'cº()*+

�� X24-2 X25-10 �� X24-2 X25-10 �� X24-2 X25-10 �� X24-2 X25-10 

SiO  66.32 72.13 La 35.52 26.98 Sc 9.02 5.50 Hf 4.41 4.63 

TiO  0.46 0.22 Ce 63.67 54.33 Ti 2770.00 1283.00 Ta 0.8 0.8 

Al O  13.35 10.29 Pr 7.61 5.73 V 57.04 39.17 Pb 19.54 32.71 

TFeO 7.00 3.25 Nd 28.17 20.74 Cr 42.70 12.72 Th 9.96 13.45 

MnO 0.19 0.17 Sm 5.42 4.17 Mn 1427.00 1274.00 U 1.95 2.02 

MgO 1.04 1.73 Eu 1.27 0.60 Co 10.68 8.76 Nb 10.96 10.07 

CaO 2.05 2.78 Gd 4.73 3.82 Ni 23.77 16.55 Cs 15.32 5.32 

Na O 0.08 0.10 Tb 0.68 0.61 Cu 16.18 20.17 Ba 415.20 286.00 

K O 2.38 1.95 Dy 4.05 3.86 Zn 98.01 94.29 ���� 157.24 127.80 

P O  0.06 0.08 Ho 0.79 0.82 Ga 17.17 14.08 (La/Yb)  10.72 6.68 

LOI 6.25 6.69 Er 2.38 2.52 Rb 93.45 77.23 (La/Sm)  4.12 4.07 

�� 99.18 99.39 Tm 0.34 0.40 Sr 35.93 52.68    

K O/Na O 29.75 19.5 Yb 2.24 2.73 Y 21.62 22.82    

K O+Na O 2.46 2.05 Lu 0.37 0.49 Zr 171.00 149.20    
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