Ooooooodo oodar)

I I |
I I |
I I o |

> wbdp

(TIMS)
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ooobooobOOoobOo@oDOyyws oo oo obo boobo booo boo
OO0 OO(ADe6OOOG41)] OOOO 1700 OO0ODO ODOCO ODDOO OO0 O0O.
108000 00 1994100 150 O o000 ub ogooooooo o obooboood
gooboboo ooo oogggoooobb oD 9000 000000 o
00000 000 oOows gpoo 0ooo0 o000 boboOo,000 boooboo
oo gooooobo.obbb oo bbdog oo gobi1nobinogoon
oooOoOOoOooOo@)o oo oo oo booboo@obooo)yooooo
00000000000 00O00O00O0O0O0O0O0O00O0O0OOO@O 1).0
goooooo,oo,bo0,00b0,bo0,0o0b0,bdoo b boobbo OooD
oob oog oo,obbb bbb oo boboo, oo bboobo,oo o
ooobOb ooooo.0oooo ooooo obbo boooooo Oogg as,710
gbgooboobobobooobboboooooobbbooooooooog
000 000000000234

000 000000000000 O00O0DoOOOoOO0OO0DO0bOOoOoOooOo
Ooo0obOOoooobooo@Eo)y oo oo opboboo b oo@wo)o o
oo@UooO) oo@o)ooob boob Uoboo.oUboo oo 0o oo
oo dgooggooobbobobbbogbboobobooooooo bbb oo
gooooooogoobboooobobo.0b00oooob bbb oo gooon
000 0000000000 00000000000 oC000oDoOoDOooOood,
00000 ooO0oobo0oo oo booooogo@)o oobooooopoo oo
000 000000000000 0000000000O0000D00oOoooo:
o0 oooobbo bogooboouooooboboooooooooo obooo
0000000 O00DbOO0CO0b0 00 CooboO OO poooo0ooo oo o
oo oboobooooogoobogobooboobbb obobooog oboao
ggo.gobogb oo gbgobobobooobooooboobooooobobo
googo.
ogobboooooooogoboooooobobobooobooooboooo
oo.0,0 g0 oo oooobbbob bbb OO0 00O00,0 0000 0o
b obgboboob oo ooob oot oooug guoobobo bodyg

an



00 0000000000000 00000s 0000000000000
000000000000 00 ormer)) 00000 000 OO0 (modifier)
00000000000 0000.00000000000000000000
00000000 1,7000 00000 0000000000000 0000.00
000000000000 O0000,0000000000000000000
00000000 00.00000000000 7000900000 000 OO0 O
0000 0000000000000 0000000000000 00 O(stabil
izer) 000000 0D000 00000 DO00O0O00O0O00OO0OO.00000
000 O000000,00,000,00000000000000000000
000000000000 00000000 O0sson

000 00000000000 000000000000000000000
0000 0000000000 0000 0000000000000 0000
0.0,00000000000,0000,00000-000000000000
0000000000000 000O00000000 00000000000
000000 00000000000 000 000000000000 00
0000 (lead isotope ratio)] 0000 000 000 0000 00 000 00O
0002 Q0000000000000 00000000000000,000
0000000000000 00@O0000)000000 0000000
0 OOOOowa,

0000 00000000000000000000000000000O00
0300000000000000000000000.000 000000
00000000000 00(NI3), 00000 000,N14w130000 000
000.N14W130D 00 00 00 000000 000000 000000.000
000 00000000000 O00000000 0000000000000
00 0000.0000000000000000 0000000000000
000000000000 00000000000,000000@0- 000)
00000000000 00000000000000000000000.0
00000000000 O000000000000000 X-0000(EDS)Y O
0000000 00000000 00000.00000 0000000000
00000 000000000 X-00000000000000000000 O
000000000000 000000D000000000™s 000000
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0000000000 00000020 00000 (principal component analysis :
PCAYJ 0000 0000000 ODOO0OO0 OD0O0O0O0.00000000 000
000000000 O(roupy] 000 ODDO0DOOO OO OO.0000000O
O O (high temperature microscope)] O OO0 OO0 OO0 OO OO0 OO O0OO
goob 0o0d obogodg ooooo.0d obob boooobooo
(TIMSYy22] 000 0000000 00000 00000 000000000
00000 00000000.000000 000000000000 0000OO0
00000 0000 OD0000 000 0000 00 000 000 000 000
goo.

oo00oo oooo oob ob boo@o 200)300 UbOOOoDO oOoo
oo oo,00o00boooog.oobbb bbb bbb 00 0oooo Uoon
oobobooooooooboob seEMO DOO EDSD ODOOODOOO.O00OO
oooooOooOO0oOobOOoDbOOOO00OOOODOO0OODOOD0@QAYoooo oo
oo oboood.0gob bbooo gb 0o SeEM-EDSOO0O OOO0OO OO0
CullDO0@99.99%)] OO U000 000 OooO O 1200, 2400, 400000 OO
D100 0000 0000O(pastey] JODOO.O00O0O0ODOOCOOOOOOOO
Ooobooboobbbbooobbooobnicbo3n oo o200 0boooD.

odg ogooobo bbb ogoobo oobbodo boougo goob bo o
b ooog obobooo boob obbod.1ib ogoob bogo oo booog
0 0000 (calibration file)D OO0O0O0.20 OOO0O(EPMAD O0OD00O0)O OO
o0 oooobbogooooobo ooobb booooobodooooon
o0 EDSD DO OO OO ODOO0OOOOOO.0DO0ODOoOoooDbooODDDO X-

an



0000 (EDS, Kevex Super, USA)D 00O O0O0O000O0O QEOL JSM-5910LV,
Japan)] UO0O0O0O.0 000 0DOO 3000 00000 O00O0OboO0oOooD OO0
000000000 0000000DO 1000.

Beam Energy 20 KeV Beam Current 1.0 nA
Distance 15 mm Beam Area 60x60 2
Calibration Cu(99.99%) Live Time 200 sec
< 1> EDS
3.

0000 OO0 000 ODOo0O0 000 o0oooooo (Leica, Leitz max 1500,
Germany)] O0O00O0O.000 OO0OOO O0OC0OD OO0 OOOb0 oooOo oo
U goooo.sooboboboogoobooobbse0d,6700,7000 00O OO
ooboooooobcogoooobboooon.

4. (TIMS)

0000000000 0boobooo boooo.oo05mgidn oo odno
0000 000 00o0d0o odo.0oo0 ooo 203mO000 15000 0O0O0d
0000000000.0000000000000000000eBNDOO 2mlO
0000000000000 INHBrAIMOODO OOO.000 00000000
00 0000(AG1-X8, chloride form, 100-2004)] INHBrO 0000 OO0 00O
O0.000 00 Resinglefilamentd OO0 OO0000O0O0O0OOCO OOOOOOOO
O (Thermal ionization mass spectrometer: TIMS, Model : VG Sector 54-30)0 0O O
00000000 00000.000000000NBSSRM98L)O 0000 OO
00000000.000000 000 (total blank)O Ing 00000,

g oooooooogobobbo bobbb bobbo ODDODOD ODDOOD OOO
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0odododoooddz220dgodoooo oo oooo.ooooaoa
O 000000 (Multivariate analysis)l 0 0 000 0O O00OOO0O0 OOOOO
000 000 00000000 0000000 O0O@Uoooooooooo.
oo odooooobo oo oobiobboooooboogoboono,onbon
oo o000 ooooooo o od.
NOOOOOOOODODOOMOODODOODODDODOOOOOOOOOMNxwMO O
0000 00MOOODOOONOOOOOODOOODOOOO.MODOOOODO
0000000000000 00000002~300000000000000.
000000000 DO0OD0O0O OO0 Od unsupervisedlearningO O OO0 O
000 000000 (PCA : principal component analysis)?(1 OO.00000 OO
0000000 0000000000000 00O000O0O0ODO0oDOOoOOOO
000 0000000.00000000000000000O00D000O0D
000000000000 O0OO000D0O00.000 0000 supervised learning
000000000000 (SLDA : statistical linear discriminant analysisy? 0 0 [
god od.

NOOOOOOMOOOOO D0000D0O000 0000 X(NkM)O OO0
oooooo.

Xij = , X12, e X1
y X22, veuene. X2
L, XN2, .o XNI

U0 oo goooooo oo gddxss0 00bo0d z»zd ODOOO OO
OoOoo.0b0obb AutescalingUD OO O (Do oo oooooo.

zZi=(i—-X)loj ——————————— - — — — — — — (€))

oo0gdib1 2 3,.NOOOOOOOOooOO,j01,2,3,.MO00000000
ooo.0dboooobooobpoooz=@w»wUO0O.000 xUOO0OO0i0coDO

246 )



0O00jO0000000000,x00,000jO000000O000O0O0 ODODO.
nJ000D0OmOO0O00oo@EYOuooooooooooooooooon.

Vi = kizin + kezio + - - +Kzj+ - -+ kezim — — — — — @

00 0000000000000 [Y]=[KI[ZID OO [K]O 00000000
00000000000.[Z10 000000000 0000000000 [Y]
0000000000 O000000.

0()0 0000000 0000000000000 00.00000 %00
000000 [Z]0 000000000000 ([Z00000-0000000
[RIDO@@)D 0000000,

RI=[2'Z] ----—---—--——-——————- @)
O000[R]DO0OO0O@I 000000000000 ([R]OCOO0OO000OO0.
[KIRIKI=A& ———————=———————-—- “

A : eigenvalue, > o> - > M

0ifj#k

ok : Kronecker delta =1 =~ -
1ifj=k

0@ ooooooGooooa.

[RIIKI=A[K]- - —— - — = — = — — — — — — — — — G
OO0ONO OOODO OO0 kO OO ODOOO N ODOO OO OoOoOooo oo
O oog.

V.

goboboooooobooobossoogooooboosbobooobooon
Ooobgo2000000.000000000D0 0030000000000
0000 OO0 ooodbho-siop)yooonD OO 7od79%, 0000 200 28%0
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ggoo.gobo booo, g b0 g bbb oo oL boo
o0 ooobo00 04% 00,00 030,000 09%000 00O 00 0000
oo.00o0Db 00000 44540000000 000.000000000
goooboooooooooobbobooobobbobooOo0oboO0oOooD 2.2mnd
ooodz2mmiO00 000 000 DOOOOO0.

(%)

(mm) ALOs | SiQ: | Fe2Os | CuO | PbO | Total

1 (N13) 3.5 4.3 4.87 0.33 26.2 | 0.21 0.50 73.6 100.8
2 1.7 2.3 4.85 0.39 24.7 0.13 0.39 74.4 100.0
3 4.9 5.8 5.00 0.32 26.6 | 0.18 0.34 73.0 | 100.5
4 38 44 | 456 | 0.34 | 28.4 | 0.24 | 041 | 717 | 101.1
5 42 4.7 | 477 | 025 | 26.7| 0.15 | 0.37 | 73.4 | 100.8
6 2.3 2.7 5.03 0.25 24.4 | 0.16 0.27 74.9 99.9
O 7 3.3 4.1 4.73 0.32 27.3 | 0.23 0.21 71.5 99.5
8 5.3 5.8 4.72 0.34 275 | 0.11 0.79 70.4 99.1
9 4.0 4.8 4.91 0.27 24.7 0.22 0.35 74.3 99.9
10 4.0 9.5 4.68 0.23 28.3 | 0.21 0.27 70.6 99.6
11 2.4 3.0 4.84 0.23 26.1 | 0.23 0.31 74.3 101.2
12 3.0 4.3 4.79 0.13 24.6 | 0.06 0.93 74.4 | 100.1
13 1.2 2.1 4.95 0.26 23.9 | 0.17 0.31 74.9 99.5
14 12.5 4.76 0.14 27.4 0.04 0.09 73.6 101.3
15 4.2 4.7 4.77 0.31 26.8 | 0.23 0.27 73.1 100.7
16 15 22 4.85 0.14 242 | 0.19 0.09 76.4 101.0
17 4.3 13.6| 5.18 0.07 22.9 | 0.08 0.46 7.7 101.2
18 8.2 15,5 | 4.74 0.09 26.3 | 0.12 0.23 74.4 101.1
4 19 5.5 8.1 5.37 0.15 19.6 | 0.17 0.31 79.3 99.5
20 2.5 9.2 5.01 0.12 24.1 | 0.13 0.24 76.3 101.0
21 9.2 9.8 4.95 0.04 249 | 0.10 0.21 74.6 99.9
22 12.2 14.2| 4.85 0.13 26.3 | 0.21 0.28 73.8 100.7
23 N14W13 75 82 | 484 | 017 | 27.1| 019 | 0.14 | 73.5 | 101.0
24 2.8 6.8 4.70 0.06 27.2 | 0.13 0.20 71.3 98.9
25 40 7.3 4.88 0.14 26.9 015 0.13 73.6 | 100.9
26 8.1 12.0| 4.80 0.13 26.3 | 0.09 0.23 73.3 | 100.0
27 8.1 8.9 4.80 0.10 26.0 | 0.12 0.23 73.1 99.6
28 9.0 15.5| 4.57 0.15 27.8 | 0.26 0.34 72.4 100.9
29 12.5 13.0| 4.86 0.11 27.6 | 0.13 0.23 73.0 | 101.0
30 7.8 10.8| 4.75 0.34 27.0 | 0.12 0.24 73.0 100.7
31 6.6 7.4 5.09 0.27 25.2 | 0.15 0.09 73.8 99.5
32 12.5 12.7| 4.81 0.05 27.1 | 0.08 0.11 73.1 100.4
33 12.8 12.9| 4.39 0.08 27.9 | 0.09 0.21 71.8 100.1
34 20.9 21.2| 4.92 0.22 25.8 | 0.10 0.03 73.6 99.7
35 13.8 14.8| 4.78 0.03 28.0 | 0.04 0.30 72.4 | 100.7
35 13.8 14.8| 4.78 0.10 26.8 | 0.04 0.34 72.8 100.0

< 2> , , (%)
t:35
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(€] (PCA)

000 000000000350 00000000200000000000
000000000000 000.00000000000000000000
0 00000000000 00000 00000.0 0 00000 00000
(PCAY 0000 00000000000 COODOO0O00O0D D000 O@)D
00000000000 000 00002

00 O@N.000000)00 0000 0000000000000 00000
0000 0000 000000000000 0000 000000000000
000000000030 00000.0000000000000100002
000000000000 O000D0 0000000000000 70%] 000
0ooo.

00010 00020000 000000000000 0000000000
0200.00000000000002000000000000000000
0O000O0@,a,0)0000000000000.

000001020000 000000000 000(communalities3d 0 00
0000000000000 000000000000004000000.0,
000 10 00 0000 40% 0000 00 000 Sio, PhO OO OO0 81.9%,
89.5010,0002000 AkOs, Fe:0s 00 63.1%,53.4% 00 0 0 00.00 20
00000000000 00000000000000000000000 0
00000.0,000100000000000000@)0 N14w13lOo O
0()D 00000000 PbO 73%, Sic: 265% 0000 000 0000 O OO
0 00(A)D 0000000 76%,24%00 203% 000 000 000 00 O
0 00.0000002000 0 00000 000 00@)0 0000 AkOs,
Fe0: 0 00000 00 0.27%,0.17%00 0000 0 000 OO0 (a)0 N14W13
00 00@)D0D00o0o.

000000 0000000000 000000000 0000000220 0
0000050 00000.000000000000000400000000
0000000000 (AROs, FeOs)0 0526 00,000 00 00 0000 OO
0000 (Si, PbO)D O —0914000.000 00000 0000000000
0000000000000 00000000000000000.00000
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0 000000000000 0000000000000 000000000
00000000000000000000000.

00000000000 000000000000000002%000000
00000000000000000000 0000000000 00000
0000.0000000000000000000 2000000000000
00 0000000000000 00000000000000 000000
00 O[Fe(ll)/Fe(1N] D000 0000000 O0O0%0000.

1 2 3 4 5
1.99 1.51 1.04 0.40 0.06
(%) 39.8 30.2 20.8 8.00 1.20
(%) 39.8 70.0 90.8 98.8 100
< 3 (%)
(Communalities)
1 2 1 2
ALO:s —0.300 —0.645 17.9 63.1
SiC: -0.641 0.311 81.9 14.6
Fex0s —-0.220 —0.594 9.51 53.4
CuO -0.037 —0.306 0.20 14.1
PbO 0.670 —0.202 89.5 6.11
< 4>
AbOs SiG FexOs CuO PbO
AkLOs 1.000
SiG 0.055 1.000
Fex0s 0.526 0.033 1.000
CuO 0.249 —-0.100 —0.042 1.000
PbO —0.202 -0.914 —0.059 —0.053 1.000
< 5>
@

voobooooooboobobbooboobbbooooobooooooo
oo oooooobob.0oooo bbb bb0oooobo booogo
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Od0ooo.coobpb oo 300 g200bpoo0 oo oo oo o
oooooooooDbObbO0o0 00 736%0 261%000.0000 00000
oooobO0ooogoooob oo bbb ooooooobo oooo boDbooD
oooboooobooooooooooo.oosogoboooboobobooooo
5000,6700 0 vooUoo oooooboooboooOoOObOoOo.oo3nuoooo
500000 000D00ODOO0OOOeO00O0ODUDOULOODDOD voODDO
goooobobboooooooobobooooooo.coooooobobn ero
goooooogoooooooob ooo.

©)

o oooboob s200 0000 204, 206, 207,2080 4000 D00O0OO0 OO0
00.0000 2040 2P0 00 OO0 OODODOOODO OO OOOODOODODOO
00,2%Pbd #8U0 00O,2Pb0 2U0 00O, %pb0 2°ThD DO0O0OO00 OO0 OO0
000.00000000 000 OE®Pb,2Pb,2%Ph)0] DOOD0 D000 O C*Pb)
U ogobo o0 ogb oo goooo 0ob oboo obOo oboooo
(**®PbFY"Ph, 2"PbFY"Ph, 28PhF%Ph, 2/PbF%Ph, 2%PhroPh) OO0 OO0 O O00. 0,0
gboobobooooooobooboboooooooooooooooobo.oob oo
goboboobogbobboogoooobobbboboogoob oobbooogo o
oo odg oboooo ooboooo b obbooooooboooboo.g
Uoo0ooooooobboooo 0000 o000 b0 o0 0o ooobo o
gooooboogogooo.

ooboo oo oboOoOo3sgoooooggwo»wooooo ooooo oo oo
O 0oo.0obboboooo0 b0 bbb bbb DooUoU b e
ggooo.

000 ADB®2:000000 00000000 00 2PbAPb 2%PbrPh]
0000 003@) (00 A) O PPl 2Phf¥PbD OOO O 00 3(b) (OO
B)] 000O00.00000000C0000,0000000000C00CQCO0
0 0000000000000 O0O0DO0.060 000000000000
3()] 00 3(b)J 00 O00000.00000000000000000000
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206/204 | 207/204| 208/204| 207/206| 208/206 DS DS
12 (no.1) 17.455 15.610 | 38.817 | 0.8943 | 2.2238 2.362 | —0.413
20 (no.2) " 17.376 15.591 | 38.800 | 0.8973 | 2.2330 2.528 | —0.497
3 (no.3) " 17.546 15.716 | 39.030 | 0.8957 | 2.2244 2.514 | -0.069
42 (no.4) " 17.580 15.694 | 38.992 | 0.8927 | 2.2180 2.340 | -0.129
52 (no.5) " 17.872 15.743 | 39.572 0.8809 | 2.2141 2.061 | —0.052
6° (6162) 17.594 15.641 | 39.001 | 0.8890 | 2.2167 2.180 | -0.321
7° (mrl) 17.436 15.612 | 38.886 | 0.8954 | 2.2302 2.471 | -0.432
8¢ (mr2) " 17.745 15.655 | 39.027 | 0.8822 | 2.1993 1.814 | -0.238
9° (mr3) " 17.349 15.598 | 38.841 | 0.8991 | 2.2388 2.651 | -0.490
10 (mr4) " 17.454 15.616 | 38.903 | 0.8947 | 2.2289 2.442 | -0.418
11¢° (mr5) " 17.350 15.606 | 38.873 | 0.8995 | 2.2405 2.690 | -0.471
12¢ (mré) " 17.528 15.619 | 38.910 | 0.8911 | 2.2199 2.247 | -0.390
13¢ (mr7) " 17.443 15.611 | 39.891 0.8950 | 2.2296 2.452 | -0.435
14¢ (mr8) " 17.438 15.614 | 38.894 | 0.8954 | 2.2304 2.476 | —0.427
< 6>
a, b, c 25, 26, 27

ocoboooooobbooooooooooobbboobbOOoo.oobooon
ooog3rs00dooooob.oooooooo bbb boooooo oo
ggogoooooboooboboooobobbog.

OO00000o0»2: 0000000 000oboboosLbAY 0 0O0oo oo
Oobodoooooobooobodoo.oo,0bobbo oo o014 g goo
00000020 0000 ooopooooooooooog.

DSij = — 0.571Xaj + 1.916Xej — 0.091Xcj + 8.292Xo+ 14.24Xe; — 53.13
DSj= 1.025Xaj+ 3.231Xs; — 0.487Xc;j + 7.280X%0 + 3.140Xe; — 63.33

000, Xaj, Xsj, Xc,j, Xoj, Xei 000 O 000000 2°Pb/2*Ph, 27Ph/2Ph,
208ph P0Ph, 27Ph A%Ph, 208Ph %P O O 0 0.
oobobooboobOobb1ooobbboooooooooobooD o
000 oobboooooobed D0 Ob0bOOO.0e0 0O00OODS, D)0 OO
0000 3(c) DOOoUOb0O oo Db oo oo ODUbob booo oooo
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ooooooboboo.ooo g0 bbb 40 00 ooobbobD oobo o
oo0ob03@O3Ccy bbb b oo oo oo oooooD oooo
Ooooooo.

gobooooooogooooobobob obbobo oo ooogoo oo
ogogoobbbbooooobbobooobboobobobbbooooboouDo
oo obooobobob oo.ggo oo oo booo oo oob ooobo
U000 oooo oo oo oo oo oo oo oog,o o
00000 Oo0O0obO000 00 o000 ooooboobo@E@ooooo)yo
goooboooooooooooog.ocoboboboooooo oobb oo o
0Oobooooooooobooob oo booooobbobooboO o
000000000000 oo oboboooo oo oo gooo o
oooog.

oo oogboooooooobobbobobobocooUobbboobobD oo
0O oooob ogoooob oooo obobb oo oooobob 0oL oo goo

(%)

AbOs | SIO: | FeOs| CuO | PbO
g (1527) 7 ? | 044 | 254 | 0.19] 1.67| 70.8
2 (1529) 7 54 | 0.33 | 21.9 | 0.07 | 0.38| 75.6
¥ (1530) 7 53 | 0.70 | 25.0 | 0.07 | 0.42 | 74.0
a ( ) 7 2 | 010 | 26.1 | 0.11| 0.05 | 74.2
5 ( ) 7 2 | 010 | 325 | 0.20| 0.23| 72.8
6" ( ) 7 2 | 010 | 244 | 0.10 | 0.05| 66.7
7 (1536) 8 5.3 | 0.13 | 23.7 | 0.97 | 0.19| 72.6
g (1537) 8 53 | 0.30 | 24.8 | 0.69 | 0.55]| 73.6
o (1538) 8 53 | 0.31 | 24.7 | 1.08 | 1.44 | 71.9
10 (1539) 8 44| 019 | 328 | tr | 0.35| 66.0
112 (1541) 8 53 | 0025 28 | 0.22| 054| 70
12 (1542) 8 51 | 0.061| 28 | 0.19| 0.10| 66

< 7> , (%)
a, b 29 30 .tr trace( )
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(00O0).00 OObOooDOO0D OO0 OOOO0ObO ODOobbO OO OO DoOOOooOD
ogooboooobbboboooob oo obobbbooooo oo oobDb O
00 000000.00000000000O0OO=*g poOoooooooao
ooboboboooobobogooooooooooobbboobboboboryogsod
ggobo.0v00gbboboobb oo obogyobobobo0oOooooobogoon
o0 oboodo ggoob,0gob 0 0o boogbo oo obo boboog
ooobbobOoooorybooooobooooobObbo0oooDbOOoDbDOoooD.o
oboooobooooooobo booooboo oo oooooo sggg oo oo,
oo 12z2000000000000Y00000O0OODOOOOOODOOO
000000 0000022033%066076% 0000 00053000000
Ugobogobobo.gboguoob oo gbog obboo obob obooo boog
oo oobobO o0 000 0o oooo.0b o ODODDO OO OO0O0oo
goooogsgoooog.

206/204207/204208/204207/206208/20¢ DS1 | DS2
1 (1527) 17.082| 15.621| 38.554| 0.9145 | 2.2570| 3.260/-0.381
s (1529) 17.406| 15.629| 38.930| 0.8979| 2.2366| 2.628/—0.391
30 (1530) 17.361| 15.620| 38.889| 0.8997| 2.2400| 2.704|-0.422
4 ( ) 18.424| 15.629| 38.591| 0.8483| 2.0946| —0.356/ 0.011
b ( ) 18.413| 15.611| 39.533| 0.8478| 2.0927| —0.410/-0.040
6° ( ) 18.122| 15.342| 38.894(0.84657|2.09104| —0.735/-0.910
72 (1536) 18.430| 15.621| 38.546| 0.8476| 2.0915| —0.420-0.002
8o (1537) 18.433| 15.627| 38.567| 0.8478| 2.0923| —0.399 -0.014
0 (1538) 18.423| 15.619| 38.541| 0.8478| 2.0920 | —0.411 —-0.010
100 (1539) 18.440| 15.628| 38.578| 0.8475| 2.0921| —0.408 0.017
1120 (1541) 18.426| 15.612| 38.538| 0.8473| 2.0915| —0.437/—0.033
12»b (1542) 18.413| 15.607| 38.522| 0.8476| 2.0921| —0.427-0.051

< 8>
a, b 29, 31

00 000000 0000 00000000000 ADBOOD OOO0O0OCO
00000001200 0000004()I(c)0 00000.0000000 00
000000000000 0000000000000000000000.0
0 40 (b)J0 00 30 0O0(No.103)J 00 0000 0000 000 000
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oo obooogooobbo oo oboooboboooooobo oboo og
(No. 2,30 0000 D0O00O0O0O0OOCOOOOOOODOOOOOOODOO.DOO
o1 00gobboogoooobbbobooooooooobbooogooooon
OO0 O0o0o0O0ooo.ogobcgo(No. 4012 o oo boooobooobooooo
OO00OOO0OO0O0.004(c)Y Dob0oobobo ooboobo oobo ooo oo bo
ugd.

gooooooobooobobOoooobooogyobbOoODODDODO o000
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ABSTRACT

Application of Science for Interpreting Archaeological Materials(ll)
- Production and Flow of Lead Glass from Mireuksa Temple -

Kang, Hyung-Tae

Department of Conservation Science, National Museum of Korea

Kim, Seong-Bae
Buried Cultural Properties Division, Cultural Properties Administration

Huh, Woo-Y oung
HO-AM Conservation Institute of Cultural Properties

Kim, Gyu-Ho
Department of Cultural Heritage Conservation Sciences, Kongju National University

Glass pieces excavated from Mireuksa Temple dated 7 century A.D. were characterized by
chemical composition, specific gravity and melting point. Lead isotope ratios of lead glasses
were also compared with those of lead ore to attribute which lead ore was delivered for making
lead glass. It was known that some |lead glasses found in Japan were similar with those of
Mireuksa Temple as comparing the data of chemical composition and lead isotope ratios.

Characteristics of lead glass from Mireuksa Temple Thirty five glass pieces of Mireuksa
Temple were analyzed for five oxides and found that all was lead glass system(PbO-SiO2) with
the range of 700 79% for PbO and 2001 28% for SiO.. The concentrations of oxides such as
Al20s, Fe:0s and CuO were below 0.4%, 0.3% and 0.9%, respectively. Principal component
analysis(PCA) as a statistical method was carried out to classify glasses with the similarities of
chemical concentrations. The result of PCA has shown that three groups of glasses were created
according to the excavation positions and two major oxides(PbO and SiO;) greatly contributed
to the dispersion of glasses on principal component 1(PC1) axis and trace element oxides(Al.0s
and Fe;0s) for PC2 axis. Most of lead glasses were greenish by the efficacy of iron and copper
oxides and some showed yellowish-green. The gravity of lead glasses was about 4.400 5.4 and
estimated melting point was near 670 [0 . Lead isotope ratios of glasses were analyzed and
found quite close to alead ore from the Bupyeong minein Gyeonggi-do.

Comparison with lead glasses found in Japan Lead glasses of Mireuksa Temple were com-
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pared with those of Japan on the basis of chemical and physical data. Chemical compositions of
Japanese lead glasses dated 7t [0 8" century A.D. were nearly similar with those of Mireuksa
Temple but lead isotope ratios of those were separated into two groups. Three distribution maps
of lead ores of Korea, Japan and China with lead isotope ratios were applied for lead glasses
found in Japan. The result have shown that the locations of |ead glasses from Fukuoka
Prefecture coincided with the region of northen part of Korea and similar with those of
Mireuksa Temple and lead glasses from Nara Prefecture dated 8" century A.D. were located in
the region of Japanese lead ore. This research has demonstrated that lead glasses of Mireuksa
Temple conveyed to Miyajidake site, Fukuoka Prefecture around 7t century A.D. and glass
melting pots and glass beads excavated from Nara Prefecture confirmed the first use of Japanese
lead ore for production of lead glasses from the end of 7" century A.D.
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