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SiO  

TiO  

Al O  

Fe O  

FeO 

MnO 

MgO 

CaO 

K O 

Na O 

P O  

67.93 

0.62 

14.64 

1.42 

2.51 

0.06 

0.49 

1.96 

5.63 

3.16 

0.16 

68.69 

0.40 

14.55 

0.40 

1.37 

0.05 

0.56 

1.80 

5.51 

3.20 

0.16 

69.20 

0.60 

14.64 

1.82 

1.89 

0.05 

0.44 

1.30 

5.80 

3.06 

0.16 

66.99 

0.50 

14.91 

1.30 

2.03 

0.05 

0.46 

1.90 

5.80 

3.30 

0.14 

68.20 

0.53 

14.69 

1.24 

1.95 

0.05 

0.49 

1.74 

5.69 

3.18 

0.16 

66.84 

0.43 

13.80 

1.00 

4.08 

0.11 

0.35 

2.42 

4.18 

3.56 

0.05 

67.8 

0.53 

14.48 

2.01 

2.42 

0.09 

0.42 

1.44 

5.61 

3.74 

0.12 

67.32 

0.48 

14.14 

1.51 

3.25 

0.10 

0.39 

1.93 

4.90 

3.65 

0.09 

69.93 

0.35 

13.17 

2.72 

1.59 

0.08 

0.64 

0.98 

6.16 

3.00 

0.11 

67.36 

0.35 

14.19 

2.44 

1.62 

0.05 

0.98 

1.66 

5.93 

4.14 

0.09 

72.01 

0.34 

13.09 

1.30 

1.67 

0.07 

0.31 

0.75 

5.98 

2.85 

0.08 

69.35 

0.37 

13.70 

2.29 

1.59 

0.07 

0.69 

1.13 

6.10 

3.38 

0.10 

69.66 

0.35 

13.54 

2.19 

1.62 

0.07 

0.66 

1.13 

6.04 

3.34 

0.10 

�������10 � 

La 

Ce 

Pr 

Nd 

Sm 

Eu 

Gd 

Tb 

Dy 

Ho 

Er 

Tm 

Yb 

Lu 

Y 

146.4 

314.3 

 

125.8 

19.5 

3.27 

11.7 

 

 

 

 

 

5.1 

0.8 

48.6 

118.9 

245.4 

 

118.7 

20.2 

3.3 

13.6 

 

 

 

 

 

5.2 

0.8 

48.2 

131.8 

293.9 

 

133.5 

21.0 

3.3 

13.1 

 

 

 

 

 

3.9 

0.6 

42.8 

109.8 

244.9 

 

107.9 

17.6 

3.59 

10.3 

 

 

 

 

 

4.4 

0.7 

43.2 

126.72 

274.63 

 

121.48 

19.58 

3.37 

12.18 

 

 

 

 

 

4.65 

0.73 

45.70 

108.00 

230.00 

26.92 

105.00 

18.64 

2.42 

12.2 

1.79 

11.00 

2.25 

6.27 

0.79 

5.67 

0.63 

56.25 

84.71 

156.8 

12.62 

50.49 

7.94 

1.82 

5.90 

0.99 

4.29 

0.76 

2.17 

0.29 

1.74 

0.25 

16.7 

96.36 

193.40 

19.77 

77.75 

13.29 

2.12 

9.05 

1.39 

7.65 

1.51 

4.22 

0.54 

3.71 

0.44 

36.48 

127.80 

263.00 

29.07 

118.60 

19.73 

2.13 

14.13 

2.22 

11.87 

2.17 

6.31 

0.93 

6.15 

1.06 

61.09 

101.20 

217.50 

20.53 

88.77 

15.21 

2.29 

11.54 

2.07 

8.54 

1.75 

4.06 

0.66 

4.40 

0.61 

35.51 

146.0 

303.00 

 

112.00 

16.90 

1.22 

9.40 

 

 

 

 

 

1.40 

0.60 

45.50 

118.27 

256.00 

23.71 

97.38 

16.21 

1.88 

12.49 

2.05 

9.25 

1.76 

4.78 

0.72 

4.58 

0.72 

42.15 

123.32 

259.88 

24.44 

104.19 

17.01 

1.88 

11.89 

2.11 

9.89 

1.89 

5.05 

0.77 

4.13 

0.75 

46.06 

�������10 � 

Cr 

Ni 

V 

Ba 

Ga 

Sr 

Rb 

Nb 

Zr 

Hf 

Th 

Ta 

68.4 

10.0 

22.8 

2746.0 

21.4 

477.0 

165.0 

20.0 

187.0 

17.0 

12.0 

10.0 

30.6 

7.4 

10.3 

2113.0 

23.9 

314.0 

173.0 

19.0 

393.0 

68.0 

4.0 

19.6 

2391.0 

19.8 

383.0 

172.0 

22.0 

416.0 

15.0 

8.0 

10.0 

68.0 

4.0 

21.4 

3152.0 

22.0 

550.0 

172.0 

17.0 

415.0 

16.0 

5.0 

10.0 

58.75 

6.35 

18.53 

2600.5 

21.78 

431.00 

170.50 

19.50 

352.75 

16.00 

8.33 

10.00 

 4.30 

6.10 

3.30 

1763.0 

21.00 

264.00 

128.00 

27.00 

439.00 

14.00 

9.50 

1.40 

4.30 

6.10 

3.30 

1763.0 

21.00 

264.00 

128.00 

27.00 

439.00 

14.00 

9.50 

1.40 

  13.10 

10.00 

13.10 

122.0 

14.90 

142.00 

185.00 

27.00 

332.00 

13.00 

9.00 

10.00 

�4 

9.30 

2.10 

1308.0 

21.00 

158.00 

190.00 

26.00 

193.00 

6.40 

8.70 

1.30 

8.55 

9.65 

7.60 

715.00 

17.95 

150.00 

187.50 

26.50 

262.50 

9.70 

8.85 

5.65 

 

! " #

$)*,



!

!!

" !

"

#

!

$%&

#

'

$ %!"

()*+,

!

-.,/0123456

"

7819:/3;<

&%''!$

=

(

>?@AB

)*+

CD=E

#

F

,-.+

"

%'/'

$

01

%

GHIB

&

2

%

HIB

&

3

%

%

HIJKB

&

3

(

%

JKB

&

3

!

%

LJ

B

&

4

%

MNB

&

+

%

%

OPHIB

&

+

(

%

HIOPJKB

&

+

!

%

OPJKB

&

)

%

OPB

'

OPLJB

&

-

%

(

QHB

'

RHB

&

-

(

(

S2RHB

&

-

!

(

RH2SB

&

05

(

SB

&

6

(

TUVB

6789( )*+ 1:;<<7=71;>7?@ A7;8B;C ?= B;D;E7F7 8B;@7>G<

H;=>GB ,-.+& %'/'I

01JC;8@G<7;@ K;<;:>

&

2JK;<;:>

&

3

%

J K;<;:>71 ;@AG<7>G

&

3

(

J ;@AG<7>G

&

3

!

JA;17>G

&

4JB5L?:7>G

&

+

%

J>B;15LK;<;:>

&

+

(

JK;<;:>71

>B;15L;@AG<7>G

&

+

!

J>B;15L;@AG<7>G

&

)J>B;15L>G ;@A >B;15LA;17>G

&

-

%

J

K;<;@7>G ;@A >GD5B7>GM -

(

JD5?@?:7 >71>GD5B7>GM

-

!

J>GD5B7>71 D5?@?:7>GM 05JD5?@?:7>GM 6J=G:A<D;>5?7A7>G

=

!

>?@ABWXYZ[\]^

6789! N?CD;B7<?@ ?= 4OO 1?@>G@>< ?= B;D;E7F7 8B;@7>G<

_`ab

PQ"/R

)

cF

S;;D;:;

d

4;C?

*

%''(

$

efg

"

>?@A

Bhi

*

j@AB

"

klmneopBqres#rhi>

?tu

)

Fvw

"

xje>?@AB`yz{|z2e

"

+7

+

T

!

6

!

4K

!

.;

!

UB

!

S=

!

)5

!

U@

!

4OO

*

OV

}~

$

[\��

"

TWX;

!

6GWY8

�����

,

�

N;

'

Y8

'

*:

'

0

'

+B

'�C�

P'R

,

����

"

��>?@AB

T

(

3

[\��

Q9Z[\

"

T

(

3W

X;

(

3]%9/%

"

T

(

3W

*

T

(

3^X;

(

3

$

]Z9Q[& *:

(

3

!

W_X;

(

3^ T

(

3 ^

N;3`]%$('

"

6GWY8]a$Z%

"

`��

'

|z

'

��

'

��

'

�G@

AB

,

m

%Z ZZZ!.;W*:

]

*

T

(

3^X;

(

3

$'*

T

(

3^X;

(

3

$

WN;3

'

T

(

3WY83

'

d

UB

=E�

P'R

*

=

[

$"

��>?@AB����

>?@AB

'

��>?@ABs����m

*

j@AB/0

�

"

��n��e�� ¡¢

*

j@AB£¤¥¦ 

"

§C

¨©��>?@ABhi

*

j@ABeBV1ª«¬­®

,

¯~

"

m°\YZ

bcXK

=E±

b^XKc4K

=E

*

=

"

$

�

"

��>?@AB���m²�@AB

*

d0.

$

/

,

³´µ¶

"

·¸>?@AB�¹º»¼½Ke>¾r

,

¢¿Àevw

P/

"

%ZR

¹Á

"

>?@AB�µÂÃÁm½K

>¾r

"

�ie>?ÄÅ¹º

"

ÆBVDj�µÂÇ»

*

j

�

,

j|ÈÉe

"

Êk

*

j�

+

j|ÈÉe

"

ËÌÍBÎÏ

ÐeoÑÒ±n1u½¥¦eÓÔ

,

!

Õ¥Z¿Ö

×ØÙÚÛÜeBV�Ý

"

³rÞ12ß¬à12vw

�Õ¥ZáâãäåæçeèéêëVì¹

c

íîïçðÕ

¥Z¿Öñf

"

òóÍ

*

%a(%#!

$

Y;

¿Ö

*

ô

(

$,

�õ

!

�ö]÷Bqçð|Õ¥Z¿Öñf

"

òó

Tc

*B

ï¿Ö`

*

%'/9[($!9"%

$

Y;

"

¿Ö©øyù

,

�ÇÕsB

ÎBÉeúûüý/úþÿ!VL"UBeëV

-c0K

¿

Ö`

*

%a'Z$([

$

Y;

P%R

,

¢¿Àeá#$©

"

%B

Tc*B

ï�ñ

¿Ö�s&©øyù

"

'ôÒ(Ó

,

è9)*+,

'

-.Vä

å

Tc*B

ïñ/

"

�ò¿Ö��¤yù

,

è9)ëVäå

-c

0K

ïñ/¿Ö

"

�12012345¢

"

���`67µ¡

,

"

t 8

����

"

��>?@AB9s:��

'

|z

'

��

'

�

�

'

�G

*

j@AB

"

;�»rY<'

"

h>?tu

,

=89

>BV~?

"

tuu½

"

@9>BV«¬�C

'

WXYZ[

\

'

°\YZ­®'APÀB

"

�µ�C+��>?@AB

±-.���>?@ABçð]^

,

m��>?@ABeDE

"

CFiGÒBq

*

ùHIJ

KVBq

$

±L�eMÒBq

*

VNJVLOUBq

'

nPK

-.OUBq

'

QIR"UBq

'

ùSIT"UBq

'

UT"

UBq'

$"

u�ÍxjeVWpBVXY

,

Æ¹ºdCZ[

\]^g

(

_`

(

-.

(

a*bcdd_`

(

<úJbc

deef

"

X�ÍrY<g-.

c

<úJVWpb�BÉe

hi

,

�õm]��>?@AB;�jge01�i(nÄ

Õ

,

$%&'

!

'

klm'

P%%R

0`9nh#

"

oF9÷Bqpq

rst'

-

7úu-.v��>?@ABe12­®±;�j'

%Z""



! " # $

!""!

%

&

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

'

!

*

+

,-.&

+

,

"#!

*

+

,-.&

+

,

"

'/&,

#

*

+

,'01,

(

23

&)

!

*

45 65 78&)9:

$

#;<=

"

>?1@" A?&13&BC DE #$$$$#%&'() FC G*

+

,H.&

+

,IJ G*

+

,-.&

+

,I'/&,J *

+

,'01, &:K 23

!

&EL93 78&)9:

$

#;<=

"

!

!

"#$%&'()*+,

"

-./0123

#$%&'

$()*+ ! ,-./.012 (3+- .4 /5+ %+678(6 $(0(91:1 3;(61/+ .)/(16+< )= >1;2.6 +:(0."-+<1?+6/(/1.6 ?+/5.<

+

%

,

*DM93

-./01*234

+!

&

N

56789:;

O

<=>?@AB

&

6

5

6)DPQ

>1C

$

D@

6)DPQ

E

!

FGHIJ

$

K!

R

FLM

6)DPQ

NOPQR

&

STUVWP4XYW

$

%ZE[\J]

!

+$=

SM'

+$!

SM

"

QR0

^

&

Q R _ ` , > a b c 1 4

%

!

+T<

U V#@RR#+R ##$

$#$

%

$#

$

"

+TR

U V;@<"<R %#$

&#$

%

&#

$

+T<

U'

+TR

U

X Y W

4

#T=@<<

&

67STUVdPefghijkldmn"Sop

.6N;<#

qrstu

&

E!"v$wxyv$

z{|TUV}~���dm

'

"

���

J

�

@#'+$

������v$����

$

#;;$@

sl��I

$

��>

*O(3

.d%4

!

#;<@"+(T@R#

"

0&

(

g�

�������T��

#

T����>�� �����

!

$

¡�

*O(3

.d%4

!

;+;@R;(#T@"

"

0&

$

¢45£�¤¥

¦§�

(

����

"

¢4��¨����©ª�«¬�­¨

����®¯°¨����±²

(

³´��µ}

$

��¨�

���¦§s��v�¶·¸¤¹7��®º»�

O

u»�

¼��½¾l

)

!¿ÀÁl��IÂÃvÄÅÆÇÈÉ

(

l

��IÊl;ËÌÍÎÏ

$

ÐÈvÄÑÒÓÔÕÖb$×

 

�� 2 S B Pb/ Pb Pb/ Pb ��/Ma ����	
��
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 1 6 0.0850�15 0.0998�15 0.0998�15 

 2 1 0.09030�60 0.10180�33 0.10180�33 

 3 4 0.09162�64 0.10339�59 0.10339�59 

 4 2 0.09277
�
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�

30 0.10474
�

30 

 5 3 0.09324
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15 0.10537
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