
! " # $

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

%

!"

&%

#

'

+,$$

(

%

)

-./0!"

!

'.0#

&'()

!

+,$$

*+,-./0123!"45

"

67

#

89-

:;0<

!

=3>?@A<5BCDE@A

!

F!"

G(HIJCKL'MN,-./0O

!

PQR"

STUVWXCYZ

$

>?@A[\3KL'

*$+#,

!

]^6_`Iab

cdCe

+

A

+

f89gh

$

=i*+/0Cjk-

g23>?@ACTA<

!

lGmn<op

$

^6_

`!^'qr

%

stuvw4mn

-#!"1#./ 012

!

]DE#xy3mnz{|}~[\���@A

!

�=i���89���YC,-./0O

*!+3,

!

�

\-\0������b�V��

*/+$.,

!

\0���

0O#$�����VC�����

*$$+$",

$

�~

!

*

+,-/0\0-g#��W��Ch�� 

!

\

0�¡¢£��

!

¤�¥X¦§C¨h�©ªC�

�«�¬­

$

®¯

!

°±]����C²³´

!

µo

¶·¸¹º»�¼½

!

¾�¿

-

À

4

-gC\®

&

\0

ÁÂ¤\0h�

!

ÃÄ#x89

+

-:<VÅÆ\

0�¡C��ÇÈ²³¸¹

$

!

0O#$ÉÊ

Ë@A9Ì<IÍÎÏ�Ð£-ºÑ

&

-ÒÓ

Ô

&

#��W��

!

ÕDE@AÖ×-<ØÙË4Ú

ÛºÃ

'

!

Ü´

%

ÝÞß@A-à<

(

4

)&

"

áÌ

%

Æâãäåæ-<

&

#

àæ

%

*+@A¿-à<

(

Û

)

*3,

$

*+/023àæ

%

*+@A¿-à<

!

ç

KL'*+jk!è�¿

-

À

4

-géê

$

0xië#ìíNÃ´6_�

!

î´~ïÃ

'

ð

ñòÓ

-5

!

!4

&

óôeÓ

-5

!

"4

�õö÷Ó

-5

!

#$4

$

øÌ-

íNF^6_`ùú'ûüý'þÿÌ-ÃíC!

"�h#$%-

+

ÿÌ-ÓÔ

$

*+jk-gÐ£3

óôeÓC&'-�ÿÌ-!

!

-g()�*=i

!

67

wÍÑ

!

#+iëª,-Ã

$# 89

#

:

ó

$4

!

Ð£-

Ã�ÿÌ-./CKL'!è�0\¿-

*$;,

!

~KL

'!è�0\¿-g�\0Yh12

$

0g3§´(

67

wÍÑ

!

4ª´Ão5�*C6[

!

7ª´(o

w´8RC9:

!

!§/;2<

!

w=>/;2?@

!"#$%&'()*+&,-./01

!"#

$

!

#

$%&

$

!

#

'()

!

*+,

#

-$)

!"#$%&

-

'(

4

#)*&+,-&.

!

'(

$..."!

"

#)

/01#$234

!

/0 56

/3..3$

"

!)

!"78#$94

!

:(

$...#34

23

'

*+¿-./0FDE#xKL'¿-./0CA.�B

!

=3>?89

+

-:<5BCjk-g

$

jk-g

Ã0\

+

C0\C!è�¿

-

À

4

-g

!

DEºÃ

!

FÐ£ÎÏ

!

GHÃÒIJKÀ-

!

!'ÃÒI¥K¿-

!

^'ÃÖ

×JK¿-

$

-Ò#��W��BL

!

-ÒMN

<1

&

=1

&

>?

&

@(

&

A

�O/PQ

BC

&

D?E

ORPQ

0F

&

6G

!

ST

6?

&

H(

&

IJ

&

5G

$

¿

:

À

2

-�@AÖ×-C-Òh#U.

!

Æ!"�-h

!

\®V.oÙ

!

Æ

K

.Ö×-

$

*+¿-./0OíN

=3KL'C!è�¿

:

À

2

-g

!

\0�¡ç-:-

&

Ð2#ì

&

WXYZ

&

WX[|�¡�893§Céê

!

�KL

'89

+

-:

+

WX¦§C\Ô

!

].[\b¿-\0h�

$

4 5 6

'

¿-./0

*

#��W��

*

\0�¡

*

\0h�

*

*+

*

^5

789:;

'

D/$")%$

<=>?@

'

&

<AB;

'

$...+!/3L

(

#.$$

)

.#+.%.!+$#

CDEF

'

#.$.+."+$"

*

GHEF

'

#.$.+$$+$3

.IJK

'

"_M`²³��IÍaE

;L!

bc

(

#..;B<%#$..L

)&

!"#$defbc

(

$#$#.$$."3$!L

)

¸g

$

LMNO

'

h±i

!

j

!

$;/#

(k

!

lm

!

nokpq

!

K'Ër#$0=se�bcts

*

M+91GN

'

=OPQRS1QTUQVVUW$/!)RF9

$



! " # $

!"!!

%

&

!

'()*+,-#$&

"

./01#$23456

#

!

!

789

"

$

!

:;<=&>?@

"

%

!

ABCDEFG)*

"

&

!

ABCDEHGI*

"

'

!

ABCJKHG)*

"

(

!

L*MN

"

)

!

OP*MN

"

*

!

QMN

"

+

!

R/*MN

"

!,

!

#STU

"

!!

!

VWTU

"

!$

!

XY

"

!%

!

Z[

"

!&

!

-\

"

!

!

]^_`

"

"

!

ab

!

cde`fgN

"

#

!

hijkN

"

$

!

!lmn`

"

%

!

opqfgN

"

&

!

qr

!

stuv

k

"

'

!

wx

!

yzn`

"

(

!

;rv

!

{|uvk

"

)

!

}~qfgN

"

*

!

�v#`

-./0! 12343/.564 78295: ;6< 3= 9:2 >?46@/ <3A<:BAB 53<<2A C2<37.9 ";3C.=.2C 6=92A D?@@6@ 12343/.564 E?AF2BG

!HI?692A@6ABJ $HK<<2A LA.677.5 L?;?/3? -3A;69.3@J %HM@C37.@.6@ N?6A9O ;3@O3@.92 <3A<:BABJ &H M@C37.@.6@ N?6A9O C.3A.92

<3A<:BA.92J 'H M@C37.@.6@ /A6@3C.3A.92H<3A<:BABJ (HP3A@=247.O2C Q249J )H>A3<B4.9.O69.3@ Q249J *H>39677.5H6492A69.3@ Q249J

+HE2A.5.934.9.O2C Q249

"

!,H12343/.564 Q3?@C6ABJ!!HR492A69.3@ Q3?@C6ABJ!$HR99.9?C2J !%H-6?49J !&HSA2 Q3CBJ!HD6@/9O2

Q4358

"

"H16AO2HT.96@/ 7?9?A2

"

#HD.C?@ M746@CH6A5 Q249

"

$HU:3@/O6 ;677.=

"

%HV.@/7:6W.6@/ 7?9?A2

"

&HV.6@/C6HX2.Y.

F3456@.5 6A5

"

'HZ:6@/C?HT6@/<.@/ Q4358

"

(HE6@C67:6@HV.@/:3@/ F3456@.5 6A5

"

)HT6@/56@/W.6@/ 7?9?A2

"

*H[637:6@ Q4358

&,&



!

!"

" !

#

#

$%

!

&'()&*+,

"

-./01234

!

&'

5

#

6789&:;<=

"

>?@;ABCD:

"

EF

@;AGCH:

#

IJGCD:

!

&;KL*&@>

!

;ABCD:'M@&

$

*

%

'

"

&'NOPQ

&'())!

'))(!) *

"

RST@

)(#)+!!(',+

"

UV@

)(,,+

"

ST

$*WX@

-"(-.+

"

YZV[

!

\]D:^R&_`ab$c^d

"

>?0e

*

#

fC;*

#

g*

#

hij*

#

kl;*

#

mn*

#

f

op;*Kqr@s&rtuvwxyL*z*

$

`ab$1{|}~�^y

%

D:^

&

b$1{

"

�

()-���1@�g*{

!

e*g*{

!

hi:

*{

!

��:*{

!

�:b$1���

"

>?@�:

y�:*

!

&*rt>?���b$()�Tye

*g*{

#

hA:*{(

"

b$��

"

&*��

!

!

:':����

8&*0�y\]��:'c^��

"

��@

;AGCH:

'

##&()"&() /0

("

(#@;ABCD

:

'

#&&("")(1 /0

("

�#@IJGCD:

'

#)-(!")('

/0

(

2&,3

!

;AGCH:

)

��

#

���

"

D ¡¢

"

£¤~

¥¦§¦¡¢

"

¦¨UV@

#!)(# **

#

}§¦ ¡

¢

"

¦¨UV@

)(& **

©ª

#

«¬­¦ ¡¢®

"

¯ ¢°

!

D±9²@

#1+!-1+

"

UV@

,#+

"

D±

>?�³C;

#

�G;

#

�ij

"

0´²y;Aµe

C;¢s

"

¦¨UV@

&#!# **

"

�¶

#) **

"

¡¢

·ZV<

!

³C;¸7 

"

~¹º»±µ¼{¡¢

$

½

#4&%

!

:;b$KhA:*µ��:*@>

"

¾

�0FG;*

!

9R;AGCH:

$

½

#4#%

~¿R&

*

#

¿À&*

"

¸ÁÂ ¢°ÃÄ

"

RST<Å@

)(#+!)("+

!

Æ;&z>?0;A

#

hij

#

C;

#

k

l;

#

mn®

!

¡¢@«¬­

*

Ç­¦ ¡¢

#

ÈÉ

Êb¡¢

#

ÈÉËÌ¡¢

$

¢°K¥ÆÁÂ @>

"

¾�0Í 

#

Î ¢°

!

;ABCD:

)

��

"

D ¡¢

"

£¤~«¬­

¦ ¡¢

"

¦¨UV@

1!)(1 **

"

¯ ¢°

!

D±9

²@

-+!,"+

"

UV@

!!+

"

D±s1>?@eC

;

#

³C;

#

;A

"

0´²�G;

#

�ij

"

¦¨UV

@

&#!1 **

"

�¶

#) **$

½

#4!%

!

eC;D±9²

@

&+!#)+

"

UV@

"(.+

"

¸7 

"

~ÏÐ»±

$

½

#4!%

"

0´²§³C;

#

ÑC;ÒÓÔC;

!

:;b

$Ke*

#

hA:*

#

g*@>

"

¾�0kl;*

!

9

R;ABCD:

$

½

#4,%

"

~�¿R&*

#

¿À&*

"

¥

*

§¦ ¿R&

#

¿À&

#

Õ¿À&¸¥ÆÁÂ 

1��Æ;&z(

"

ÖY&z9²

#+!'+

"

&;R

ST<×

)(#+!#(',+

!

&;(ØRÙ�

"

90Ö

#

Ú

#

Û

#

L

#

Ü

#

Ý®dÞ0tß�à1

!

Æ;&z>

?0;A

#

hij

#

C;

#

kl;

#

mn®

"

&;¡¢

0«¬­

*

Ç­¦ ¡¢

#

Êb¡¢

$

&;¢°0¥

ÆÁÂ 

#

á� ®

!

IJGCD:

)

��

"

D ¡¢

"

£¤~«¬­

¦ ¡¢

"

¦¨UV@

1!)(1 **

"

¯ ¢°

!

D±9

²@

#1+!,)+

"

UV@

!!+

"

D±s1>?@eC

;

#

³C;

#

;A

#

�ij

"

¦¨UV@

&#!1 **

"

�

¶

#) **

!

eC;D±9²@

&)+!#)+

"

¸7 

"

~

ÏÐ»±

!

:;~hA:*Òg*e*@>

"

¾�0

kl;*

!

"

âã*���

!"#

!"#$%&'

äS>?å¬\]��:'yæç:)

!

>è

é1ê�ëìâã*�íîïðs

"

äSX

&)

ñ

"

åt

54

òóóôõ

$567%

ö÷

"

øQù�

1+

!

§²

èéµúnèé1ê�ûüýâ¤íî1êöþ(

)öþ

"

äSX

&"

ñ

!

öþõÿ@

78998:09 /;<

O°y

=>?*?9@ A

^

=>?*?9@AA

!1"#$%&'

®()¤ôõ

$ABC4/D%

"

�*+Q

!)+

"

,-.�

/�

1+

"

1ê¡012

&!#

!

!"$

()*+,

\]9&D:y3*z9²

'

2

&

(

(

D8E

#

@

1'(&&+F-1()&+

"

Y�(45:

$

;AGCH:67

äSy

D8E

#

#1!+

"

�8@g*9:

!

;>

#

E

!

9²@

&,(#&+F&1(#'+

"

$*;¶

"

$G

#

EHI0

#

E%

@

!(&1+F

.(!-+

"

UV

-('1+J

Z(45:9²Z!

"

G

#

EKI0

#

E

@

)(),+F!("+

"

<�=>X

$

!

%

@

)(,F,(&,

"

?¡>

X

$DA%

@

&&(,F1-(.'

"

1@>X

$LA%

@

!#F")().

"

Y�

AB5WC

"

D>E:F1@<×Z�

!

;KBIG

@

)(&."F&(##.

"

UV@

)(','

"

G

<;D

½H

$

½

!%

(

"

d

XäSIJKLMGC:

#

BC:µ;ABC:N

OP

"

~0s&QY5��

!

!%!

-./01)*21+,

*NP8s&�WRSy;AGCH:

#

;A

BCD:KqIJGCD:

"

TUV0�únèé

âã*�WXyXY

"

ZG[\öþX]TUã¦

^_`®

)

ia\]D:^R&s&:'y£b��

,)1



! " # $

!"!!

%

&

"

'()*+,-

!

!

)./01'

"

2345

"

6$789:;345

"

<0)

#$%&

2=7>-?=@AB5C

"

DEF

#'(&

2=GH

IJ-3

"

KLMN

#

"

!

OP)./01'

#

)

!

).Q02'

"

2345

"

6$789:;345

"

RS0)

#*+&

$

<0)

#$%&

$

).

#,-&

$

DEF

#'(&

TUV

"

KLMN

#

.

!

OP).Q02'

/(01" 2(345046789 5+ 453:9 6;< 54=9

!

!

,>64?- <(54(?= 75478@4(?=A 75478@4(?(3 ?=B?>4=A C6?4(B D(?8 8@7(<(5C5478(3 046;>%64 ?=B?>4=A 7%60(53%69= 78=;534@9?9

D(?8 75%@9@;?8=?(3 ?D(; 6;< -5;6% 9?4>3?>4=A E(5?(?= 78=;534@9?9 985D(;0 4=<(98 E45D; +%6:=A 34599=< ;(35%9F "

!

G577=4H

E=64(;0 I>64?- <(54(?= 75478@4(?=

#

)

!

,>64?- C5;-5;(?= 75478@4@A 75478@4(?(3 ?=B?>4=A C6?4(B D(?8 8@7(<(5C5478(3

046;>%64 ?=B?>4=A 35C759=< 5+ 75?698 +=%<9764A 7%60(53%69=AI>64?-A E(5?(?= =?31A 34599=< ;(35%9

#

.

!

G577=4HE=64(;0 I>64?-

C5;-5;(?= 75478@4@

!

!

"#$%&'()*+,

"#$

%&'() ! *&+,- )().)/0 1,/0)/0 ,2 03) 45(&/6 7,-738-8 1,77)- 9)7,:;0

W

%

XYRZ[#\]^_`a

&

"JJK

'

bc

#

.L!M

!

!'

$

.L!M

!

!E

7d]ef

(

�� 4816—1B 4816—1b 4707—B2 4707—B1 PL1—1 PL2—1 2801—1 3601—1 PLSJ—1 YS12 
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���	
� ���	�� 

��	 
�� 

SiO  62.12 62.34 53.39 52.47 61.19 62.86 65.91 62.11 57.11 65.01 
TiO  0.75 0.76 1.52 1.56 0.72 0.75 0.45 0.68 0.71 0.76 
Al O  15.27 14.92 14.95 15.19 14.61 14.87 15.12 14.38 14.21 14.8 
Fe O  3.68 2.91 8.27 8.44 6.08 6.05 4.04 4.58 6.47 0.19 
MnO 0.04 0.04 0.09 0.09 0.07 0.02 0.03 0.04 0.06 1.6 
MgO 3.82 3.26 4.57 4.70 3.85 3.25 1.55 3.12 3.90 0.04 
CaO 6.35 6.25 5.38 5.62 5.36 0.41 2.71 5.06 4.95 4.13 
Na O 5.28 4.90 2.60 2.82 2.93 2.18 3.08 3.26 6.81 4.95 
K O 0.23 0.28 4.45 4.53 4.07 7.18 5.13 4.02 4.69 5.66 
P O  0.10 0.36 0.62 0.64 0.41 0.41 0.22 0.40 0.42 1.03 

��� 1.79 2.98 4.61 4.67 1.28 2.88 1.73 1.92 1.18 1.46 
�� 99.42 99.00 100.45 100.73 100.57 100.87 99.98 99.57 100.52 99.62 

?  1.54 1.32 4.21 4.97 2.66 4.31 2.90 2.69 9.21 2.34 
SI 29.86 29.16 23.54 23.49 23.19 17.69 11.39 21.17 18.07 16.3 
DI 61.59 63.33 55.74 55.15 63.02 80.09 78.36 68.06 66.48 69.68 
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