
! " # $

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

%

!"

&%

#

'

+,$%

(

$%

)

-./0&"

!

'.0#

'()*

!

+,$%

*+,-./0123456

!

7!8-9!

:

"

;<=>?

#

@ABC

+

=>?DE6FG

#

!

H>?

$

IJK3456LMNOPQ>?L>R

S8PTUVWXYZ[\

,$+!-

$

]A^=>_`a

P4#$[\bJcdefg*+,3456!-

9hGH=>?

!

I7>ijkOlmRS[\n

oIpl3456PQ>?L>qrh[\sPt

uhqrvw

!

xyIKz{3456!|>sP

tuh9}vw

$

!

z{L>#$~�

>zG#������J*+,���

"

��

���!�

!

*�1�#�

%

���,#���

&

�

$

'$

z{#���*+,#��z

!

��#��uP

���6 ,¡¢£¤

+

£¥¦5

%

§¨£¥¦5

D©£4¦5ªGq5

%

«$]¬5

(

®6�¯°

±²³©$´5

%

µ5

%

¶«]¬5

%

·$]¬5

!

¸

¹±�º5

%

Gq5

(

/»¼½¾¿�±34«À$

5

%

Á©4·À$5

%

«¥$Â5

%

Á©4¥$Ã5

%

Ä�©5ª¥5OÅA^±

%

ÆÇÈ±

%

�ÉÊ±D

ËÌÍ5

!

ÎÏPÐÑÒ»Ó#�

$

7!¾¿�±Ô

zÕ�uh¶>��ÖE

$

z{�

!

×*+,ØÙ

"

Ú¾

"

¯Û

"

Ü*E

��ÝPE6FÞßàáÝh»âã

!

ä`å�æ

�P

)

ç^

%

èé,

%

�,D

!

»âãê/®2ëì

O�®2

"

/»¼½í�±L

!

�aîÈGïð

ñòó

$

ôõö÷»âãøLjùhú¾

"

ûú¾

üýþÿ!"##$%ô&

!

$%øL016¾¿

�±3456

!

7'(�ÝJØÙ)¾¿

"

Ü*]

A^E�

!

¨*

.!% /0

!

Ô=

%

C>æhP+¶>,

!"#$%&'()

*+*,-./01'23456

!"#

$

$%&

.

'()

$

!

$*

!"#$%&'()

"

*! !+

"$%%#1

#

.*

!,-.

"

*! !+

"$%%23

$

78

)

]A^=>?æJ*+,/012¾¿�±

4!

$

!"5

3456!

!

K3456ê34¶«À$5

%

¶«À$5ª¥

5-¥5D±L

$

=>.Þ�/æ�

!

>ÆN34À$5ª¥5HÔ�

!

¶=>0�uÔ=º1

$

34565Æ�u

L�Ô

67'

.

%

89

.

'

&

%

:

.

'

D

!

lm

;<=

%

>?

%

@A

%

B

%

CD

%

E7

%

CF

%

6F

%

@F

%

8G

%

;7

%

HA

%

I

DU234

$

3456

A4IJKA4CFJL

#*M.1&%*21

%

A4IJKA4INE7JL%*331%*MM

%

!

OP$

!

567Ô789:ô&

$

34À$5

AQ67'

.

JKA489

.

'

&

JL.&3*3$

!

OK;RP$

NO

"

&%

67L+%*$21%*#3

%

#

$3

'L.%*.31.#*33

!

567Ôûú;þÿ$:<#=¾$:LM

$

¥5

A467'

.

JKA489

.

'

&

J

L#*2M

!

A489JKA489N<=NHAJL%*2&

!

A467JKA467N89N<=JL%*"11%*"2

5670>Ôï>

!

?@A=¾BC¹D

$

=>i@/

01d»âãEF6"þÿ<#!øLh3456��GHI

$

=JKLåg«À$5Gªh¥5MÀ$5NOh

¥5!lm

!

g«À$5ª¥5�å¥5�PQ��

!

RR¶ST

!

=34¶ÑUAVW

!

7X

CD

%

BS

%

@A

%

8T

%

U

%

HV

D34lmRS�

I

34ëYEZ

$

K>?L>0$�u[>Jú\=¾

!

¥5h]NBCI=hlmsPt

uBC

$

^_#$

%

#`iVjk

!

aÔK>?Ô=¾bc$%LM

$

9 : ;

)

]A^=>

(

3456

(

=¾$%

(

lmRS

(

<=>?@

)

B2$3*2$

ABCDE

)

8

AFG@

)

$%%%+&2#"

&

.%$%

'

%#+$1M%+$$

HIJK

)

.%%M+$$+$2

(

LMJK

)

.%$%+%&+%3

NOPQ

)

`aP4#detfdghi

&

.%%&

"

.%%#

'

-j[hi

&

.%%2

'

kl

$

RSTU

)

mno

!

p

!

$M2&

(¼

!

qýrst

!

¨'uvCw>ædg

%

j[-xyzqrB

(

W+0?79

)

32#.$M$&1XYY*(V0

$



!

!"

" !

#

#

$

$

%&'()*+,$

!

-./

%&'

01

"

()$

#

23456

$

()*

#

7,856

$

+

#

9:;<

$

,

#

=>?@AB

$

-

#

CDE?@AB

$

&

#

FGA

$

.

#

HI5JK

$

/

#

L

0

MNO

$

"

#

MNO

)123$ 45216789 :5;:671; <8= 6> ?6@:A5B7 C179172 B52167

()+

#

(A8720D87 ?@:@B5 E675

$

()*

#

F1870G@5 ?@:@B5 E675

$

$

#

HAB@?: >8@9:

$

,

#

IBJ?:89 K8?5<57: K96;L

$

-

#

HB87?1:16789

K8?5<57: K96;L

$

M

#

NB871:5

$

.

#

O7;67>6B<1:J

$

/

#

N69PQR878P1@< P5=6?1:

$

"

#

S878P1@< P5=6?1:

+

%$0,'

%

PQRMNOSTUVNWXAYZ[

T

$

9U

&

!

NO\]

!"#

!"#$

N(ST^_`abcdef

!

abf

"%

g+

Kheiijc

%

\<cek

%

lmnd<g+

&

N

(;og+pqTVN<re

%

sthZijc

%

i

[jcbceic

&

uev%w

)+V

'

)++

'

)+, !

x

%

ylzE

Q

{zE|<}~og+

&

N(A�AH

��

!

$

,

"&

N(\<�%&'\<p(��

#

���(

%

\<hZic

#

eiic�q

%

<S��

&

st��

��Y���

!

W

,

!"

"'

��Y_���

!

!

+

#

"

��Q

R�

!

!

,

$

"%

��

%

_���lN(VN\<

!

$

!

"&

���

!

W

,

!"

"

stlm������|��]

 ¡¢£¤

&

¥¦§¨©ª�lI5«¬

%

¥:_

���l®¯HI5«¬

&

Zic6°±²

%

kce

ei³eeZ

&

_���

!

!

+

#

"

hZic6°pq

%

´µlm�¶

'

·

'

¸

'

 ¡¢A�5

&

¥¦§���l®¯HI5«

¬

%

¹º

X.YVZ <

&

»¼AE�5½¾m¿Àpl

.

Á

AE[

%!

,

"'!

!

"

�

!

&

"

AE[VwÂ �Ã

%

l�ÄÅ

�WXAY

%

��

!

,

"

�

!

!

"

Æ

S

ÇN<S

&

�<Èl

(

!

.

"

ÉX

'

ÉWXÊ

#

�¹<ÉA

'

¶¸]ÉAËÌX¸

ÍA

'

¶]¸

!

Í

"

A

%

¹

!V[/V <

&

!

&

"

ÌXÍA³¶¸A

%

lVN<ÎÏA

&

¹

V[!Y. <

&

!

!

"

ÉX¸A

%

@ÎÇV·]=Ð

%

lVN<

&

¹

V[+ZY. <

&

!

,

"

ÉWXÑ<¶·]AË¸A

%

ËH��Ò>Ó<

%

V

=Ð

%

lstVN<

&

¹

&Y+[+XY,X <

&

!

+

"

ÔÕAÖ×A

&

¹

VY+[VYX <

&

�QR�

!

!

,

$

"(

pqT_���Ø

%

ÙÚÛ

ÜÛÝÞ

(

%&'PQRMNß\]\àáâãä¥M�Çåæç

+&Z+



! " # $

!"!"

%

&

#

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

!

23456#$789:;

!

<=

"

!

$

!

#

!>?@A+,B

$

"

!

"

#

C>?@DEFB

$

%

$

#$

#

GHI@JKB

$

!

#

LMN

$

$

#

LMNOPN

$

#

#

QR$NSTN

%

UVW

$

&

#

T

!

X

"

N

$

'

#

YNSTN

$

(

#

LMNST

!

X

"

N

$

)

#

Z[

$

*

#

\]#[^_

!

`a

+

`b

"$

,

#

DEFBc[=d

-./0# 1/2343/.564 7258.39 3: 8;2 <.69=.6>.9/ ?696@.AB @2>37.8

%

73A8;2C9 <.94.9/

#

$

!

#

D.@@42 E6BFC.69 GA2=.6>.9/ -3CB68.39

$

$

!

"

#

H3I2C E6BFC.69 J;A./3AK3A -3CB68.39

$

%

$

%&

#

L>>2C J.9.69 M29/N.9/

-3CB68.39

$

!

#

M343B.82

$

$

#

H.8;.5 @343B.82 769@78392

$

#

#

E6CF39O7.4.56 C35K .982C564682@ I.8; 6C/.44.82

$

&

#

6C/.44.82 P3C 7;642Q

$

'

#

H.B278392 .982C564682@ I.8; BA@78392

$

(

#

M343B.82 .982C564682@ I.8; 6C/.44.82 P3C 7;642Q

$

)

#

-6A48

$

*

#

R88.8A@2 3: 3?2C8AC92@ 78C686

P@.>+@.> 69/42Q

$

,

#

J2C.64 9ABF2C 3: 8;2 72>6C682 46N2C 3: J;A./3AK3A -3CB68.39

&

$

'()*+,-./#$&

!

23456#$789:;

!

<=

"

P%

#

#

S

$

Q"

#

G>?@

#

!ef@ghiB

$

&

$

!

#

!>?@A+,B

$

'

!

"

#

C>?@DEFB

$

%

$

%&

#

GHI@J

KB

$

%

$

%

#

GHI@jklB

$

RC46B

#

mnopqEB

$

!

#

rZ[

$

$

#

-.stu=d

$

#

#

\]#[^_

-./0$ 12343/.564 B6> 3: 8;2 <.69=.6>.9/ ?696@.AB @2>37.8

%

73A8;2C9 <.94.9/

P(

#

#

S

$

Q"

#

L>>2C E6BFC.69

#

DB.@@42 SC@3?.5.69 J;.I29/T. -3CB68.39

$

)

$

!

#

D.@@42 E6BFC.69 GA2=.6>.9/

-3CB68.39

$

*

!

"

#

H3I2C E6BFC.69 J;A./3AK3A -3CB68.39

$

%

$

%&

#

L>>2C J.9.69 M29/N.9/ -3CB68.39

$

%

$

%

#

L>>2C J.9.69 M3A7;698A3 -3CB68.39

$

RC46B

#

RC5;269 H3A:69//3A -3CB68.39

$

!

#

U2?2C72 :6A48

$

$

#

V696@.AB 3C2 F3@N 69@ .87 J2C.64 9ABF2C

$

#

#

R88.8A@2 3: 3?2C8AC92@ 78C686

!

vwx

%

y

0

z3{|'}*+,-.~���

0

3456#$���

%

$""$0

!&,$



!

!"

" !

#

#

$

!

%&$'()*+

"

'

#

,

$

+-./$0

!

1

234)*+5678

%

-9:;6<=>?

%

1@

!$%&'( )

%

!"!

!"#$

ABCDEFG:HIJKLM7:NOPQ

RS(+

"

OPQ'+

"

T$R('+

"

'+0

&

6U

VW

&

XYZ[@

"$$* )

&

\]^_`abc

!+,

d

!+-

efDEg

%

Eghijk

&

l6m

"

_]^

no

&

kfEgpq^rsYZ[

%"**!%($* )

&

E

gKt1@

,&%*!-(&". )

&

tu

,,/$-0,-&"* )

&

1

@vwxVW

%

krs

1

-

2

$

yUz

*3"%"!,&-#"

&

1

-

2

#

tuyU

*&45"0,&*$"

%

EgFmVW

&

-{+

|}~�

&

�^�

&

��

$*#!($$

&

�gFm

-$0$$

!",$

#

�

-

$%

!"#

%&'$

-&!&,

!"#$

���E+���

&

��E����`zRS

(+�'+�DE�d

#

R(

$

'+�DE�

&

��

�z�

%

-&!&-

%"&'

�������

&

E�0��E����

6.*70

(#78

&

� �*¡�

"

¢£�

6#70%*78

¤

&

¥¦E�

���§¨E

6,70(78

%

�©`ª«¬

&

D��®

G*¡�

"

¢£�E�0

&

¯D�°±

"*3%,7

&

 z

R

#

'

$

(²³i

&

¯

-*3%,7

'

D�´µ

#

1

%9

$

Dz�

&

¯

"5&--7

&

¶µDz 

&

±¯

-$&"(7

%

:

·¸¹º»

WODS¼½��zD*¡

&

1

UG*¡P¾6¿

ÀÁ��(�ÂhÃÄÅ*¡0Æ

;<

!9

&

-ÇÈT

$+É0DEÆ®mi|Ê©�

=$>

%

-3%3%

%"()

E�P¾

"

¾Ëjk

&

��zÌ4P¾

"

Ì4

+

'(P¾

"

3Í(P¾

&

 zÎm

"

Ïm

"

Ð4P¾

'

�6m

"

56m

#

ÑÒm

$"

PQm

"

Óm¾Ë

%

!

EÔ;ÕwÖ×Ø

#"$

()*+

ÙODET$+ÉÚ�9

"

:Û{+Ü

%-

ÝÞ

y

&

ßà�áâwÖ`ª

&

ã+�äåtuæ

&

Pç

è«

'

%

é0��êcT$+ÉÆ�áâ78z

?@2

-

"

;<

-

2

%

"

A

-

2

"

BC2

"

DE2

"

FG

-

2

!

9FG2

&

ë

HC

-

2

"

I

-

2

$

O°´

&

-0ìÇÈT$+É�DEÆ×Ø�

í

=$>

%

EîE+�����zRS(+�'+d

'+

%

RS(+��8`�

?@2

-

z�

&

�O°~ï

ðG

($7

&

� z

FG

-

2

!

9FG2

"

BC2

"

;<

-

2

!

"

JC

&

�ñ

8`ò¯óô

'

'+

?@2

-

O°

5-70(-7

"

� z

;<

-

2

%

"

A

-

2

"

K@2

-

"

BC2

"

DE2

&

?

"

I

"

JC

'

R'S(+

8`õGRS(+-'+¿À

%

éRS(+öR'

S(+÷ö'+

&

+�O

?@2

-

¬�ø´

&

;<

-

2

%

"

FG

-

2

%

9FG2

"

BC2

"

DE2

"

I

"

1

¬�ùú

%

û�üý�

�dwÖ`ªPç

&

D¬�þ^ÿS(+ò�Æ'

+ÁS(+³!Æ'+0"#

%

L6?@2

-

8ML6;<

-

2

%

8

æ�î`+��$Æ%�&'

&

KCN<OP

¤

#

,4($

$

=.>

(c)*æ0

L6?@2

-

8ML6;<

-

2

%

8

æz

%3.

%

+,

&

-,-æ>!Æ+���$.�)$z

�

&

/�,æÆ01�\G2�Á3K45Æ67

%

Eî8+

"

E�

L6?@2

-

8ML6;<

-

2

%

8

æ

(

{+9¼½+t

uz

$3(,

&

'+tuz

$3.4

&

OD'+tuz

,%3%Q

"

ODR'S(+tuz

(3,*

"

ODRS(+tuz

-%(3(,

#

«

,

$&

:¬{+9¼½+

"

'+z)$

&

OD

'+

"

ODR'S(+xú

&

;)$-3K45<=

×=

&

ODRS(+>æ?ðG)*æ

%3.

&

:¬��

�z2�Á3K45ÆPç

%

S(+Æ

FG

"

DL

"

;<

"

K@

�@aS(+8+Æ

%�&'

&

AB+G

FG

"

DL

ÆCD���E-3K

FG45Æ®ÿHI

&

ë

;<

"

K@

0-)$JK�(

ÆL-HI

=">

%

RGSG<<

¤

#

,44,

$

=(>

(cFG+0

L6;<8M

L6;<9FG9DL8

æ

%Q3$

M��$.z)$

&

ë,æ

&Q3%$

Mz3KÆNO

&

Eî'+æz

Q3.%

&

z)

$

&

ODRS(+æz

Q3-Q

&

«Pz3KFQ×Ø

%

TCLE@L

¤

#

,4(,

$

=4>

Ú

;@UVW@XOL

¤

#

'44Q

$

='Q>

(c

+�0

L6?@8ML6?@9;<9FG8

æ��(R��(S$Æ

TU

&

V,æz

Q340'

MWX�$��z2�S

&

&Q34

M0WX�Y>!JK�$î

%

�,æ@Z

&

Eî'+z)$JK$î

&

RS(+S$H2�S

&

R'S(+Ú'+E�;<=$×=

%

#%!

,)*+

Eî�°áâ`ªPçè«

-

&

E6��CD

KFG

"

JC

"

YL

"

I

"

BZ

"

H@

"

BP

"

?P

"

YP

"

;E

"

K@

"

DL

"

1

¤

1[áâ

&

�0

KFG

"

I

"

?P

"

YP

"

;E

"

K@

ÿOE'+0

\ú

&

R'S(+0 ¿

&

RS(+÷ ¿

&

BZ

"

H@

"

BP

"

YL

"

JC

ÿR'S(+0Hò:ø

%

OE'+-

] E ' + © -

&

1

"

BO

"

H@

"

DO

"

BZ

"

;X

"

I[

"

\@

"

JG

"

BP

"

?P

"

]

"

I

"

B^

"

]MKW

¬�ø´

&

ë

DL

"

K@

"

_`

"

H[

"

KC

"

YP

"

BX

"

T[

"

?V

Hò9ù

&

WX�FG45Æ

^_`¤

(

ÈabABCDEÔ;(;ÕwÖ×Ø-DÆCDcd

,a4%



! " # $

!"!"

%

!

!

"#$%&'()&*+,-./012

!!"

#$

3456789:

%&'() ! *+&(,-)- &+. /,012&( 0&3&4)/)3 3&/15-

2

!!"

#$

3

56 3527- &+. 53)- 1+ /8) 91&+:1&01+;

<&+&.1=4 53) .)05-1/

��������	
� �����(8)� �������(2)� ���(17)� ��(2)� ������(3)�

SiO  93.64  66.78  62.13  58.10  9.31  

Al O  0.55  8.26  8.79  10.53  1.41  

K O 0.14  3.38  1.75  5.15  0.35  

Na O 0.04  0.04  0.04  0.06  0.06  

CaO 1.05  1.11  1.64  4.29  24.09  

MgO 0.31  1.33  3.93  4.25  16.03  

FeO 0.53  0.21  0.38  0.29  0.24  

Fe O  1.15  1.96  6.57  4.47  1.30  

MnO 0.06  0.01  0.01  0.02  0.07  

TiO  0.02  0.31  0.26  0.57  0.07  

C 0.80  11.03  0.36  1.62  10.70  

S 0.31  1.01  1.07  0.32  0.36  

P O  0.05  0.07  1.03  0.08  2.21  

Ba 0.49  0.26  1.14  1.36  0.48  

V O  0.17  0.69  1.63  0.07  0.05  

����
0.54  4.22  3.90  7.04  24.58  

n(SiO )/n(Al O ) 238.81  8.10  13.30  5.69  5.81  

n(Al)/n(Al+Fe+Mn) 0.20  0.75  0.48  0.63  0.39  

n(Si)/n(Si+Al+Fe) 0.97  0.84  0.76  0.74  0.64  

n(Al O )/n(Al O +Fe O ) 0.31  0.81  0.56  0.71  0.51  
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�� �����(8)� �������(2)� ������(17)� ��(2)� ������(3)�

TFe 0.96  1.50  4.71  3.35  1.10  

Co 5.12  5.00  16.94  9.50  6.67  

Ni 59.38  56.00  544.76  50.00  31.33  

Mo 2.89  7.95  13.64  3.75  1.87  

Cu 128.38  69.50  687.76  30.50  50.33  

Zn 246.00  176.00  2015.47  149.50  495.33  

Ga 1.56  10.90  14.94  10.65  2.17  

Ge 0.73  1.20  1.54  1.25  0.67  

As 9.90  36.50  77.71  14.50  18.53  

Sn 0.95  1.45  0.83  0.95  1.50  

Tl 0.90  1.25  2.21  1.85  0.23  

Pb 36.50  81.50  214.24  64.00  69.33  

Bi 0.23  0.30  0.51  0.70  0.30  

Li 8.56  10.80  42.19  17.15  11.53  

Be 0.51  2.50  4.79  2.15  0.53  

Sc 1.28  10.30  9.47  13.25  5.03  

Cr 151.00  126.50  1023.59  66.50  35.33  

Rb 4.78  64.65  39.71  79.50  9.77  

Sr 55.88  57.50  453.41  165.50  386.00  

Zr 32.50  48.00  69.80  87.00  31.00  

Cs 0.43  1.90  2.81  4.55  0.60  

Nb 0.73  8.05  9.35  13.00  3.53  

Ba 4860.63  2606.50  11396.29  13642.00 4760.33  

Hf 0.18  1.60  1.68  3.55  0.57  

Ta 0.10  0.45  0.44  0.90  0.20  

W 0.86  0.75  2.32  1.20  1.77  

Th 0.49  5.70  5.21  10.25  2.57  

U 4.51  32.00  30.61  3.70  3.67  

P 238.75  304.50  4523.59  348.50  9726.00  

Ti 117.13  1827.00  1578.35  3435.00  402.33  

Ag 11.98  14.00  19.14  11.65  1.56  

Cd 1.85  0.40  8.30  0.20  2.87  

In 0.04  0.06  0.06  0.06  0.04  

Mn 518.13  59.50  112.29  222.50  578.33  

n (V)/n(Cr) 8.70  30.86  15.64  5.92  7.50  

n (V)/n(V+Ni) 0.91  0.99  0.90  0.88  0.90  

U/Th 9.20  5.61  5.88  0.36  1.43  
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