2004 63

Jobbooboboobbooboboobboobouooon

gbooobobobooboobgooog

goooog

oboboooooobooooooobooobbooboboOoboboOonOoono2e5SmbOdn1.03smoOod
1134mO00000o00oo0ooooooobbooooboooob0ooboooDO4rgnDi9r200
ooboobOoooboooooooooooooooooobooobOoobooboooboboOoooo
ooboobOoooboooooooooboooboooooooboOoooooboooooboboOoobooo
oobooooooooo0oooooooobooobooooOooboooooobooobooogoo
coboooooodoboodoboooooobooooooooooooosooooogn
140020020 M OO0O0O0OO0O0OO00OO00O00O0O00COO0O0OO00O0O0O0O0O0O000000OO0
cobooboooooodobooooboobooboooboooooooooobboOoboog
tobooobooboobooooobooOoboooooobooOobooobOoOoOoOoOoOoOoOooOooog
tobooboooodoodoboocoboboobooboOoOooOo0ooo0ooboobooobboOobooo
coboooooodoooooooobocoboOoOOoOoOOoOoO0OoboOoOoboOoboboOooOoOon
cobooobOooooooOobooOoboboOobOoOoOOoO0obOOoOoO0OoOoOobOOoOobOboObOoo
kgOOOOOOOoOoOoODOOOOOOO0O0O0OO0OOOOOCOOO000O0O0OOOOO00b00O0
cooboooooboooooooOooOooOoOoOoboOoOobOOoOoOoOoOOoOoOooOboOoOoono

oboooooobosgooooooooooboooboooooboooooooboboooono
coboooboooooooooocoboooobooboooobooooOooboobobooboboOonboo
cooooooobooooboooooooooooooobooobobooOooooooooDooon

goooogn

ooooooobooboooooboooooooooooobooooobooobooooboOooog
ooboooboooboooooooobooobooobOoobDoobOooOoooooooooboobog
ooooooooboooobooooooooooo

0000000000000000000004701000000000000000000°
ooboooOoOooooooooooboboooooooooooboboooboOonoose3gon
cobooodobodbicguooobooodobooooooooobobooooooooooboon
00000000000mm00000000000000000000000000000
coobooooboboooboooboOmgOobooooooOooooOoOoobboOoonoogn
coboooooodooodooooobooboobOOoOoOOoOooOo0oOooOooboOoboboooOoo
coboooooodoooOoboooobooboOoOo0oOoOoO0bOOoO0bOOoOobOOoOobOoOooOOoo
coboobOoOoobooOoooOooOoboboOobOoOoOOoOobOOoOoOOoOoOoOobOOoOobboObOonoo
cobooobOoO0ooOooOooobooOobooOobooOobOOoOoOOoOobOOoOoboOobOOoOobOboOobOonoo
coboobOoOoooooobooOoooOoobooOobOOoOobOOoOoOOoOoOoOobOOoOoboboOobooo
coboobOooobooooobooobooOoooOooOoboOobOoobOoOoboOobooOoboboOobooo
cobooooboooooooooboooobobooobooooboOoOobOOoboboOoboooboboOoboooOoon



64 pooooboOooooboOooooon 00000No43

oobooocoooogno
gobocoboboobobooooobooobooobO0oOooOoOobOOo0oOooboOobooOoOo40000000
000000000000000C0°000000000000000000000D0000
oooooooboooboooboooboooOoOoooOoOoOoOoOoOooOoOoOoboOoboboOobboOoobooo
gboboobooobOooooboobooobooOoooboboOobOoooOoboboOoboozz2000002000
gboooooooooboobooooboooooooobooooboobooboooobooobooooon
gbooooooooobooboooboooooooboooboobooobooooooooon
gbooooooooobooboooooooooooboooobOobooooboobOoooboOoo2:
god40000oleno37rdonbooooooooooooDn
goooobooobooobooooooobooooobooobooOoooboboOoooooboobooboo
goooooooooooooooobooboobobobobooooooooobooooooo
goodooooodbooobooboooooooooooboooboooooooooogo
goooooooodbooboobooooooooooooooooooooooogn
goooooooodoboooboooboooboooooooooobooooooooooan
gobooobooooooocooboooobobooobooooooooooooooogn

goooboobooboboonog

goooooooboooocooo
ubooooooooooooooag
oooooooooobooooog
oooooooooAcCOObOOO
oooooooooooooood
ooooooooooboooood
gooooileo0bobonoOoOOnOn
oooooooooooooood
gooooooooooooooo
oooooooooooooood
oooooooooooogoooog
ooooooooooooooog
ooooooooooooooog
gooooooooooodgood 000 0OO00DOO0D0OO000O0DOO0
oododooodddEeDAXO
XT-3s0oooooooobooooooooooooboooobooooobooooon
gbooboooooocoboooooooooboobdobobooooobooboooooooooon
goooooooodoboobooobooooooooooooboobooooooooooaon
goodoooooodoboobooooboooooooooooobooboooobooooooooon
OkgDOOOOOOOOOOOOOOOOCOOOOOOOOOO0OOOO0OOOODOOOOO
owoooooooooLboooooooboooooooooooooboooooooooo
oOS-PINODOOOOOOODOOCOODOOOOOOOOOOOOOOO0OOOO0DOCOO0O0O0
ooboooooooobobOoOoobooOoOoOooOoboOoOobOboOoOobooOoPCOCASIOODOOOODOE-
oo OoboOboOoooboboOouooooooOOoOoboOboOoOobOOoOoOobOObOoOooon
gooobooobooooboooooooooocooooboooobooooboOoooOoOooOooog




2004 0000000000000 D00000000000000 65

coooooobooooboooobooOoOooon
OO0O0O0O0C0ON/OFFOOCOOOO0DOOOOOODOOOOOOPCOODOOOOOODOOO
O
UoocoooboooobobooobooooooooooocooobooOooobooboOoooo
UOAgDO00000000000O0000D0000AgO00000OReOOOODOOOO

goooooobobbobooooo
D0000000000D0000D
00000000000D0000D
0D0000000000D0000D
0000000000000000
gooobbbooooooooobob
goobobboooooooobob
gooobobooooooooobob
gooooo
goooooobbboboogogo
goobobobboooooooooo
goobobobboooooooooo
gooooboooooooooo
gooobobboooooooooo
ooooooooooooopcon
goooboboooooooooo
gooboobboooooooooo
oooo
00 000OEDAXO XT-35
obooboRrReOOoonon
0000000035kVIOnA 000 00O0000O00000000000
0000000¢ Omm
0000000000 1000 600
0000000000000
00 10mm

400
gooooooooooooon

00000000190000000
000000000 0000000
0000000000000000 200
0000000000000000
00000000000000000
00000000000000000

000D00MAIDDOO T O 0 10 5 20 25 30
0 Fe[D [T Cull [T P [T AgTJ 0O0X00000 M kevD
0MSn000000000099.90 0 000000000000000

00 X0 O 00 cpsD




66 00000000 0O0DOoooOooo 000 00No043

ooodmmiOOoOoOooOoooooooooobocoooddcCu-Koe ODOOOOS70cpst OO
O0o0o0o000ooooooooooOD000AIKKa OTi-Ko OOODOOOOOOOOOOSn-Ka
OobooodddcukKa O/1000000000D00O0000CCAIKKae OOO0O0O0O000O0O
gooooooooobooobooooboooooooooooboOoboooobooobooooon
OO00o0ooOo0OocoO00oO0ooOo0oo0oOoooocboOkevOOOOOOOOOOOOOOOmMODO
gboooooooooboobooooboooboooooooobooobooobOoOoobooooboon
ooooooooooooooomALoL2sioR2H.oM 000000 0oooooooon
oooooooopooocoooooooooooooooooooooogoPLOOODOK-X
Ooo0ooooooooLXooooooooooooooooooCu-Ka OO00O0OPb-La O
0001/20000000000AQ0O000O00DO0OAg-Ko OO0O0OCu-Ka 0172000
ooo
OoooboooboOoboooobOoooooooboOoXooooboooooboobiwooooogd
gooooooooooogoobooboooooo0oooooboooboooooboOoobooo
gbooooobooooobooooobooboooodboooXoboooooooooooao
gobooooooooooboooboboooboboooboooooooooon
coboooboooodoboobooobooooooooooobooobooooooooog
gooo
O o0ooOoooboooobooboooooboooooboooooooboooooOoooooboOoobooa
gobbooooooboooooboooooOooobobocOooOOooooOoobOoOoOooOoOooDo
oooooom
0 000o0ooooooooooooooOo0ooooooooooooOooOooAlgsioon
clooooooooooooooooooooobooooooooooooooooo
ALom2sio.0ooOoooooooooooooooooobooooooboon
OO0ooOoooooooboooooooboooboobooooooboooooooooooobooo
gbooooooymbO@moooooboboobooooboboooboooboboon
gobooooooooooboooboboobobooobooooboooooon
O0ooOooooooobooboooooobooooboooobooooboboooobooboooooooboobog
goboooooooooobobooobooooobooooboooboooooog

gobooboobobboboon

ooboOoboooobooboooooobooboooboooobooooooooboobooDbOooDo
ooooooo

O 00140120160 0 170

O 00150002300 240

O 001501001500 170

coboooboooooooobdobobOOobOoboboooobOboOobooboOoboOooooooo
uboooobOobooobOoo0oobooboOoocOoOobOOoboOo173oobobocooobooooon
gooooooooobooboooobooooooooooboobooobOooboOooooo
gbobooobOcpsCtObOOO0OOOODOODOOOOOOOOOOODOOODODOODOO
goooooooooboooboooobooooooooboooboboOoboooobooobOooooon
gbo0oooooOoooooooogsocpsOdbOsocpst O ooooooooooon
oobooooooooooooobooooobooo



go0oo0oobo0oo0o0o000000000000000000 67

2004

ooooooono

Cu 133.6

[Oca-ka MFeKa [ICu-Ka CHg-La EPb-LB |

80

60 -

gsdomooxoo

Ooooodooo

ooood

oooooo

oooooo

OoooOooo

Ooooodo

Ooooodoooo

Ooooooodo

Ooooooooo

ooood

i o |

ooodd

Ooooodo

Oooodd

oooooo

oooooo

i o |

ooodd

Oooodd

o

oNOoO[

o-on

oo

o-r~OO

o-won

owHwOO

o-<O

o-HmO

oHaNO

od-n

o-on

ocoo

cowooO

oo~

ococwrn

cown

co~moo

comn

ocooN[

co-n

ooooooono

Cu93.1 Cu 103.0

80

60
o
20 -

pgsdo M ooOxXoo

OoooooOoo

ooooo

oooooodoo

Ooooooooood

o o o o

OooOoooOooood

OOooomoOooogdg

ooooood

ooooo

ooooo

o o o o

OoooooOoooo

Ooooodd

Ooooad

ooooo

ooooo

o o

Oooooooo

OoooooOoo

Ooooad

—©worjg

—“©own

—“o<g

om0

—Hoag

—HOo-nD

—©wor

cwo-

cwvonn

owon

owa

ow-

oNwO

oM

oNO[]

oawO

oNsOO

oNmOn

oaa

oNHO

goO-co0obObo0oooOoo0obooOoOooooOo0oboboo0oooboOooooo



00000No43

gooooooooooooooono

oo0oo

gooo

[Oca-ka MFeKa CCu-Ka COHg-La HPb-LB |

Ag
118

n,nﬂ H

L

|

il

f

|

80

1
"
:
1
T
i
1
]
1
]
|
o
©

1
"
:
1
T
i
1
]
1
]
|
o

<
gsdompooxoo

201
0

ooooo

og

ooooooo

Ooooooono

oood

Oooooooood

oo

[}

[}

oooooa

oooooooooo

oooo

OoooOoooood

oood

OoooOoooooad

ooooooood

oooo

Hson

Hmog

Moo

“m~0

owon

oxton

ot

os~O0O

oo

osuwng

o<

ostmn

ostar

o]

o<sog

omo

omon

oooooo

s

80

1
1
;
1
1
1
]
1
1
1
1
|
o
©

]
1
1
1
1
|
o

<
gsdompooxoo

O0ODOoO0oOoms

O0oODOoOoOdomad

OOomoOooomoood

OOomoooomOooooa

OOoomoooOomo

OooomOoooomoooad

O0o0mooOooommsd

OoO0moboOomaoOono

OOomoooomoood

Oomoooomaooo

Oomoooomd

OOoomoooomd

o o o o

o o

OOoomOoooomoodd

Ooomoooomooooo

OoomOoooomoo

OoomOoooomao

—n<g

“wmg

0NN

el i)

—“Hwor

“ton

<o

as~og

“ston

<O

“s<Og

“s o

owwon

o~

owon

ownwwOo

ows

owmng

gbo-coootcooobooboooobobocooboboOoOobOo0ODOobOOOOoDOoOoOooDooboOoo



69

oooo

[Oca-ka MFeKa [ICu-Ka CHg-La EPb-LB |

gooooooooooobooooooobooboooooon

80

2004

| o |

i O !

| o |
i i i O i i i

! ' [Ss~ : ' '
| | | oooooOoO eo~g | |

' ! —] : . .

! ! S~ |

! | DOoooOooo e®eg i

\ \ —] '

m m = |

| ' oooooOog omwg !

; ; — ;

” ” = ”

! 1 OooOooooO oeoso i

} j — '

] ] Y

i i Ooooooono omog 1
, W W — , W ,

i S i

1 1 0 oo omNO

: : [m—

] ] [SSSss 3

| i _L oooo om-g 4 0o0Ooooooooo —oog
, ” & ” | o8

” ] Mm Ooooo omon ' ' ”Nm oooooog oo
i I [ J— | | | =~

[ oooo oNoQg e ! ! oooooog —o~g

| | | = | | | =
o o o o o o o o o
© < I @ © < I

gsdomooxoo gsdomooxoo

go-0o0o0oo0obOo0o0obOo0oooooooOoooOoboOoooboboOoOoobooOoOooon



00000No43

oo000o0ooo

gooooooooooooooono

[Oca-ka MFeKa [Cu-Ka CHg-La EIPb-LB |

Cu 95.7

70

N ”
, , 4 pEoooooooon cw-n , m ,
B |
4 Booooooa ocwon ”
~ !
oooooooo or~on i
—_ I
| | B | | |
oDooooood oron !
=] H
S0 | | 5= | | |
I o m ooooog or~r~0 !
==Y
oooooo or~w©n
| —
' ' 5 ooooo or~wg | | |
= , , ,
== ! ! !
! ! ooooo o~ ! ! !
— ! ” !
| | 5SS | | |
o~m 1
o Dooooo oo 4 |
— ] | —
4 00000000 o~ O ; 4 0Pooooomooo —wog
sy M fa— =Y
_m ooooooog or~—n O T o 0oooo =g
] [sSaw [} . i ~~Y
: ! ol o o e ) o~on O T T i ooooo —wo~g
j = [
” ooooooog cwvon ” e , oooood —wonn
| h DOooo0ooOdOon oo | | oooog —wwO0
! [aaaw ! ! ~
! nn ooooooo oo~ ! ! | DOoo0oooooo eer~o
! ~ | | =3
= ; oDooooo cwwon ! ! —| 0OOooooooooo e®en
Se——— m ” =
i _”_H oooood cwownog i 4 DEooooooo c®w
j = 0 S
L = ooooo cwosn @ | 4 Poooooooo SERS
I M_ i =
j Ooooo cwmp 07 R R R = Doooo cwmpnn
] i i [ _O/o_ ] ] I = y
I ————.——— s conr @B oo
I ﬂ ﬂ , d ooooog =] B_ h h , m oooog o
3>
o o o o o o o o o o
[¢°) © < N [¢e) () < N
gsdomooxnoo gsdomooxoo

go-0o0oboboobobooooboo0oobobooooboOoooboOooonoo



71

gooooooooooobooooooobooboooooon

2004

oooood

[Oca-ka MFeKa [ICu-Ka CHg-La EIPb-LB |

Y

[ a0 an

JLHE

EHHEHHE

EJEM

n B Ao

b

|

80

60 -

o
<

gsdomooxoo

|
o o
N

o o o

Oooooood

ooooooo

o o o o o o e

o o o o

o o o o

OOoooDOoomoOoooo

oooo

oooo

OooomooooOod

OoOoomooOodono

OoomomoOooaod

ood

Ooood

ooood

ooood

ood

o

I o |

[}

—or~O0

—“owon

—“own

—“o<

—Homn

—oag

=kl

—O0 O]

coonn

ocomorn

oo~

ocomwn

ocownn

oco<OQ

[=Xo X imim}

conN

oo«

coonn

oo

owwn

oooo

oooooo

HE

Au
14.5

o

80

60 |-

o
<

gsdomooxoo

|
o
N

o e ad all 2

Oo0Ooomooogo —saNg

Oooomooogo —s—g

ooooo

oo

oodo

ooooood

Oooooodooad

Oooooodad

ooooodad

—“mon

MmO

<O

“~m0

N0

N~

—N~O

gbO-ocooboooboobo0o0oboooobOo0oooOooOooooOooooag



00000No43

pooooboOooooboOooooon

72

oo000o0ooo

[Oca-ka MFeKa [Cu-Ka CHg-La EIPb-LB |

80

gsdoMmOooxXoo

OomOooooma

OOomOooooman

o

[ o o o

OOomOoooomoo

o o o |

Oooooooood

ooo

0Ooo

[ o

OoomOoooomag

Ooomoooomoo

Ooomoooomood

Ooomoooomo

OoOoOmooO0ooOmooOoa

OoOoOooOooomaad

OoomOoooomag

Ooomoooomooo

Ooomoooomooao

Ooomoooomooao

NN~

—“NoQ

—HNWLOO

NSO

—NMO

NN

N0

“NoQO

“—on

o0

e~ O0

HHoOg

-0

“dsO

MmO

N

e

“-onn

—“oonn

—ow]

oo0o0o00oooo

80

60 |-

Osdo M ooxoo

|
o
N

0 |-LnE oA gl oll.g

o

Oo0moO00oooooad

ODomoooomoood

Oomoooomoood

O0omoooomoooad

Oomoooomoo

“mmn

—“maO

—“m-

—“mon

“NoO

— N[

g0o-0o00b00O00b0ooOo0ooboo0oobobo0oooboOoooboOooonoo



2004 0000000000000 D00000000000000 73

O0oO000O0o0o0ooooooooooooca@iobdre@@Odcu@onndHgMm OO Pb
CDAuOO0OAgUOOOOOCOOO0ODOOOOOOO0DOOOOOO0OOOOOOO0OOO0OO0
coooooboboooobooooOoOoOoOoOoOboO0O0obOOoOoOoOooOoOoooOoocOoOooboOoOncad
FeOCuOHgOPROOOOOOOOOOODOODOOOODOOOOOOAUWOOOAgOOOO
coooooobooooboooobocoooo

gobooooooooobboooboooooooooobooboooon

010pPbOOOO0
Oo0000oooooooooooOgpPbO0OODOOOODOOOO0OOODOODOOODOOO
oooo0ooooooooooooooooooooPO00O0O0O0DOOODOOODOOOO
O00000oooooooooo0oooooooo0OONoeOi2001300140000PLOO
oobooobOOoooboooooooooboooboooobooboooOoOooboOooooboboOoooo
ooopPbOOOODODOOOCOOOO0O0OOODOOOOOOOOOOOODOOOOOOOO
0000000000000000000000000000000°" 0000000000
OoOoO00pbOoOl600370 0000000000 O0OO0O0DOOOOOOOCOPOODOOOO
coboooboooodooodoooobobooboobooobooooooooobooobooobaoon
OooooOoXxoooooopbOOOOOOAODOOOODOOOOOOOOOODODOODOOOO
cooOpbOO0O0000000O0O0O0O0O0O0OOOOODOOPROOOCOOOOOOOOOOO
ooooooooooooOooooOoOoOoooooppOCCOOOOOOOODOODOOOOO
ocooooooooooooooopbOOO0ODOODOOOOOOOOOODOOODOOOOO
coboobOoOooOoobOoooocOobobocOobOoOoOOoOoOOoOoOo0oOoOoOobOOoOobOboOnbooo
oooood
oooOdpbO0O0O0O0OCOOOOO0OO0OOOOOOCOOOOOOOOOODOOOOOOOO
OOcmOOOO0OO0OOOCOOOOOONo.101010401410142000000080000
ONol0201030000000000O0OPROODOODIOOOOOODOOOOOOOODOOCOO
coboobOoooooooboooboobooobobooboOoooboOoooooooboooboboOoboo
Oo0Oo0o0oO0oo0ooooooooooPbO0O0OODOODOOOOOCODOOODOOPLO
ooboobOooobooooooooboboooboooboOoOoobooobo0oobooobooOoboboOoDoo
00°"00000000000000000000000000000000000000A0
oobooobOOooobooooooooobooobooooboooobooooooboooooboboOoooo
ooboooooooooooooooobooooooooo0oooooooDboooDooo
OOobDOoOO00o0OO0ONoeO4D D OODOOPOOOODOOODOODOODOOOODOOODODOO
oo
goooboooboboobooobooooooooooboooboooooooooogood
UoooO0ooboooob0o0o0oob0o0cOnbOONe 04400000000 0ODONo.08400850 00
OO0O0000000O0No170017100000000O0OCCOOOOOOOPROOOODOODOO
oooooooooooooOoOoooOoOooooooooOOooobOO00oOoooooooDoOOPDh
ocoooooooooooooooooooooooOoPOOOOOOOODOOODOOOOO
cobooobOoOooooooboocOoboocOoboOoOOoOobOOoOoOOoOoOoOoOooOoOobooboOobooo
cooooooopbOO0OCCOCOOO0OO0O0OOODOOOOOOOOOOOOODOOOOOOOO
cobOooobOobooooooboooboooboooOOobOobOOoOoOooOoboOoboOoOoboboOoboonoo
coobooobobooooboooooooooobooooo



74 pooooboOooooboOooooon 00000No43

gz20cubOOO
cu000000000000000000000000000000000% " 00000
gooooooobooobooooboooobooobooooOooboboOoboOobOOoobOOoOoOoOooooon
gobooooooboOooocubOoboOooooboOooooboooooOoboOooooboooboon
0O No.0O2L0 O OO No.OOSOOM O IO OOOOOODOODODOON0.0190 OO O No.0250 0260
02701600 000COOOOOOOOOOONoA7OIGIOIOODODOOOOOOCOO
ONoO20OODOOODOOOOOOOOOOOOOOOOOcCwODOOOOOOOObOOOOOn
goooooooooboooboooobooooobooooobobooooooboobooooo
gooooooooobooooboooboooooooooobooobooooboooboooogoon
gooooooobooooboooooooboooobooooboboooooooooboOooDbbOooon
ooo0o0oo0ooO0o00obDOo00obo0ooooO0o00DbOO0OO00DbDDbO000No.02500260027010
cubOtbOobOooooooboooobooooooooobbooooboooboooDboooo
gooooooooooboogoooooboooooboooooboboobooooboooboooobogoon
goooooooodboobooboooobooooooooooooooooooooogn
goooooooodoboooboobooooooooooooboobooooooooooaon
goboooooooooobooobobooobobooooooooooooon

OooooooooooooOOoOooboOoOoOoooooooOPOOOOOOOOODOODOO
oOoooooooooooOocuOOoOopPbOOOOODOOOOODOOODOOOOOOOODO
gooooooooobooobooobooooooooboooboooboooobooobooooo
goooooobooowooooooooooooooboooobooobOoooOoooOooooon
ooooOooO0oooOoOocuODOOOOOOOoOCOPPOOOODOOOOOOOOOOOODOOO
oooooooooooooooOooooooooooPO0OOOOOOOOODOOOOO
oOoooOo0ooOoO0oooOooooooooOoooOooOooOooocOoOopPbOCcuOOOOOOOO
oooooO0oooOooooOooooooooOoOoOoocuDOOoOoOooOocOoooOopPbOOOO
ooooooooOooOdcuOOO0o0oOoOoOoooooooooooooooocoooPbOOOO
oo0ooooo0ooooooooOooOolmoocoooPO00OOOOOOOOOOOOOOO
oobooooooooooDo

20

PbO [T cpsO

0 10 20 30 40 50 60 70 80
cul [ cpsD

00 O00000CuPbOOOOO



2004 0000000000000 D00000000000000 75

O30HgO O OO

HgOOOOOOOooOOooooOooooooobooooooooooooooooooooboo
OHgOOOOOODOOOOODOOO0OO0O0OD0O0O0COONo.001M 0O O No.0070 O O No.00OSO OO
O000000000D00ONo.0430000No0O47[DOOOO0ODOODOODOONo0880OOO
ONo08M 000000000000 O0ONe180 000000 00000000000000*
oOoobOo0o0oboooboobOoo0oboboobO0bOO0O00b0O0O0bONo.0180 05100520 1620
16400 0000000000000NoO72007301590000HgOOOOOODOOOHODO
oooooooooooooooooooooooooooooOoOoPbOODODOOOOOOO
O0mMm10o00o0ogpPb0d0O0O0O0OoOoOoOoOOODODODOOPRODOODOODOOOOOOO
ooboobOo0ooboooooboobooobooobooobOoobOoooOoOooboobooobooboOobDo
o00o0ooooO0oooob0o0o0oobo0oo0bo0oOobO0OO0nONoe.007O 157000 0 HgO
O00o00o0o0obO0oo0oobOooboOobOONo4301270000HgO O OOODOOODOOO
oobooobOOoooboooooooooboooooobooobOooooobooooobooboOoooo
coboobooooooodbooooooboobooobooooooooooooogooonog
cooobooooboooobooooboooooobooon

boboOoHghODOOOOO0OO0OOOO0OO0O0O0OO0OO0000O000000HgOOOOODOO
cobooboOoboodoboodboocobobcobOoONoeOIODO2ZIMOOOOOOODOOODOOO
oobooOdNolleDOODOOOOOHgUODOOOODODOOOOOODODOOOOOOOOOO
OO00OHgOOOOOOO0OO0OO00OO0O00O00000HgOOOOO0O00O000O0O00o000o
cobooobOooOoobooooobooOooboOobOoOoOOoOobOOoOoOOoOoOoO0OoOoOoboboOobooog
cooooooooa

O40Ca0O OO
CabooobobobobooobouooboobobobobobooboboboboDoog
gbobobogbciboobooboboboobooooobobobobobooooboobo
gbobobogoboooobobooboboboooboooboobobobobDooooboocead
O000000oogopPbO00O0O0O0O0OOOODOOOODOOOODOMIODOOODOOPLO
obobo0ooooboobOob0obobobocbooooboobobobooobooobooo

Os50Fe0O0 00O
FeOOOOOOOOOOODOODOODOOOOOOODOODODODOOOOOOOODOO
Oo0bDO0Ore00OO00DOODOOOOOOODOODOODOOOOOODOOODODODOOOOO
cobooooooooodobooobobooboobooobooooooooobooooooboan
OobooooOooodoobodbooobOONe0M40 0000000000000 ONoe.1280 1300
OF000000D0D00DDDOOOOOODDODDOOODOOODDOOD™ 000000
cobbodbOreD0OO0OO0OO0COO0OOOODOODOOOOOOODOOODOOOOOOODOOO
00°"000000000000000000000000D00D00000D00D000000
cobobooooOoooooooooobooOobOOoOoOo0oOoOoO0OOO0bOOoOoboboOobboooOoo
cobObooooooOooOooOboOoOoboUOOobOreDbOOOOOOOOODOOOOOOODOOO
COobOO0Ore00O0OO0O0OOOOCOOOOOODOODOOOOOOOOOOOOOOOOODOOO
cobObooboooooOooOoboboOooboOoooOoOoOooOboOobOOo0O0ODOOreDOOOOOODOOO
oob00O0ooooooboo0oodNol2101250000000000O0N0SI0OOOO0DOOOO



76 pooooboOooooboOooooon 00000No43

obooooooooobOoOooboooooooo0oobOboO0OoOoboOoObOo0Ore0DDOOOO
gobooooooOooobooOoocooooooooOoboOooobobooooao

gebAud 0D OAgU OO0
Aul0ODAgUOODOOOOO0OOOOODOODOAMDODOODODOOOOOOODOODOD
O00ONo 0770000 ON0IBOOOOODOOODOOONo7ODOODOODOODODODO
O0AgO0O0OO0O0oOooobooONe3OOOoooooooboooooonoonboonog
gooboboooobboooobboooobbbooooobboooobbooobobobo
A OOAQOODDODOODOOLObOoObOoOobDbOon

gogooo

ooboooboooooobooooobooo0oooooooboooOooooooboOooog
goooooooooobooooboooboooooooooooboobooooboooooobogoo
goooooooodboooboooooodooooooobooboooobooooooogo
goooooooodobooobooobooooooooooboobooobooooooogon
00000000000000000000000D000000000000000° 000
ubobooooooboobobooboooboOoooobOOooboOooOooOobOoboOoOobOobbOOn
goboooooooooocooobooooobobooobogo

cobooooOoodoooboOobooobOOoOooOoOoOoocOobOOoOobOOoOoOOoOoOoOoOoboOoboog
gooooooooooooboooobooobooooooooobobooboooooobooooo
uoboooooooooboocoobooooboocoobooooon

gooo

gobooobooooboobobobobooobooboobooOoOobOoOoOoOooOooOoOoboOobobOooboooobooo
019720

goooopoooOooOopoooopooooooooooooo9rso

0000000o0oooOooOopoooooD@m@mpooooDoD2004@mooO

0000000000 D0O Takamatsuzuka tumulusCO O O O muraldO O O O pigmentdd O O O
0 0O O O X-ray fluorescence spectrometry]



2004 0000000000000 D00000000000000 77

Analysis of the Pigments Used in the Murals of
Takamatsuzuka Tumulus
by a Handy-sized X-ray Fluorescence Spectrometer

Yasuhiro HAYAKAWA, Chie SANO and Sadatoshi MIURA

The pigments used in the murals of Takamatsuzuka tumulus at Asuka, Nara
Prefecture, were analyzed by a handy-sized X-ray fluorescence spectrometer. This state of
the art instrument in the field of X-ray analysis has been recently developed in US. It was
taken into the stone chamber of the tumulus in order to analyze the murals directly.
Approximately 170 points of 5mm diameter each on the east, west and north walls and the
ceiling were measured non-destructively by using an X-ray beam of 35kV-8u A. All data
obtained are presented in this report.

Seven elements, Pb, Cu, Hg, Ca, Fe, Au and Ag, were detected. Pb was detected
from every point measured. The intensity of Pb obtained from the points on the figures were
different depending on the kinds and the thickness of pigments used. In addition, a small
amount of Pb was detected even from the points where there are no figures. It was assumed
that there was an underlayer containing Pb for coloring on the stones coated with plaster.
The areas including high content of Pb were found from above the figure of the Blue Dragon
O Seiryu at the center of the east wall and from above the figure of the White Tiger
0 ByakkoO at the center of the west wall. Furthermore, the intensity of Pb detected from
areas below the figure of the White Tiger Byakkol on the west wall and below the figure
of the group of four women on the east wall, which had been recently damaged by fungus,
was very low.

Cu was detected with high intensity from the areas with green and blue colors, for
which malachite and azurite are assumed to have been used respectively. It was found that
the intensity of Pb detected was lower at positions where the intensity of Cu was higher.
This supports the existence of an underlayer containing Pb for coloring.

Hg was detected from the area of red color such as on the lips of human faces and
the folds on skirts. However, no Hg was detected from the impressive red-colored areas of
the clothes of each of the woman on the east and west walls respectively. Furthermore, Hg
was detected from the red-colored belt of the woman with green clothes, but not detected
from that of the man.

Ca and Fe were detected from many points measured. However, the intensities of
both elements were lower than those of the other elements described above. Ca that was
detected is assumed to be the major component of plaster on the stones. Red-colored areas
drawn with a pigment containing Fe as a major component could not be found.

Au was detected from the figure of the sun on the east wall and the stars on the
ceiling. Ag was detected only from the figure of the moon on the west wall.





