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O@+—J—F I BRHS R (corroded glass), SROWELBEMRTEE (estimatedly original content of lead),
SAFENLRLL (lead isotope ratios), BESHBAMA S X (blend glass)

1 #3

HAOHKRA T 21, #Lohi 2 e hEREO
PbO-BaO-Si0, A4 5 AMEER L, R T PbO-SiO; %,
K,O-Si0, %7 5 ZAMEFR L THRERITH 5 230/kn
TR Ui, 3HREHEIIESE L, SEALAGVELDI Y
NEJE D Na,0-CaO-Si0; %, Na,0-AL:O;-Ca0-SiO. %
AT AWTE L TREDEZRILBEAT, TDH%, Th
ZThON 7 ZAHOBEELRT, THERKCEMHTOH
RENZ A TH 5 PbO-Si0, FH 5 ANBHL, 12~13
A2 I 13 P E TH% S 172 K.0-PbO-Si0, ZH 5 ZD—
HMEENRET 2ICE - 72 (LIEIEA 1995 ; B 1996),
BAOHNKA 7 A8, HKRORLEZH I ADRMET
HBHENHIENTES, ANTHELLA T RIZTO0
T, AFIPERERIIDWTE S O FERER D D,
HSARH S ZAFEROHRIZODWTOREBLEINTE
7o

JbigE T, EHOEBHNS T A XD A 5 R E
BEPREEESN, Tho50E L WLFHICIIFE THES
Nzl &b -T3 (BH 1977 5 £10 199D, L
MU, B, BB KO & — Y 7 L O & B
hoitd a4 7 ABREIEF PN, ZDENT,
A Tid 3 AR KA S B T3 % Na,0-Ca0-Si0: %

HSR (V=FH[KAZR) 0, 10 HEF Tcoluii
DOEHTIIE > 72 HE L TR Eddbir > T3,

CORKIZONT, V=S R/IKT T ZABEBT 3HOH
T2, V—FRIKA T ZAHHE] - TOILWHUED A 5
ZMHA LI aREMMNE Z oh, JhiEEZ < 28ific
BE L TiRALA SULBE P KEE S REFICAN B ML ENH 5
EERH SN TS (FFEREH 1995 5 #)11 1999),

s B HIA 7 20 BREIER ST TR,
BREEROBE T LIBIRNATARD Sh b, Hpic
BoNicA S ZAEBASEHELERI, BELBEOK
BHTH LA EENRE N, KEAA L H) &7
AHDBAA L EDRKRDBE D EELOND, TD&
&4 5 AEGE TRA T ABER DAL E K o
UL LRSS, BEORBREICR U LFHKERETE
ZEHRTE, BEKSOBEZLEZEBHL, <OPHE
EHETEBHEND 5,

2001 4, JLHRERERBOEXEA (8~12, 131
fo) BEIOESE» SN T ABHEE SAHE L, K
HMAFEEMSELUL, HEHBHELLD, BRI -7
O P, AR TIE, ThoDERHISWT
OBEEALOSERBEEICS S LERHL, 1580
BREFHIDWTH 7 REEROMEFREME L7,
Chitk-THBEEHON 7 XRAENMREERD, e

DALEEREAERISHER  T060-0817 I ELRHItRIE 17 £ES TH
D HbEE /N THIRET FTKEER  T053-0018 JLiBEE/IMIH TR 3 TESE3 S

OB EARBEESEE  T060-0812 LiEEILIRHILRIL 12&E5 TE

VILBERFEREHERERRREE Y — T060-0817 LEELEHIERIL 17 RESTH
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THT » TR EIRL IR LT DRER & &L bIT, 5 ZDHIK
(2 T

2 BB

IR IcE Lo (UTTaR & &L T 5) 3,
FE (k) B (Bl defdiRsl)
O—BAMSHE LIS ZAES HTHB, ChodD
555 AR EBRIZE L, KO 51 SIFNEHE TH
AAETLTOADARETH D, KEESHERE,
RS BAEIZERL, PEBSAHE ARt & Y
bh s HEREEZL TS, BHREOHEDS B 8 1
BRI ATICHE L, EMARABB LOEEEE L
B AWARFHE, VTR LAESE mm~10 2 mm ©
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1 EEEREOTEN (R —Lofg/hEHEE 1 mm)
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BREAZBHMHAT, MMtABTIEMNTEZS%E3mm
BRECHMEELTVS, HEEEABOTEEZR 11T,
BaRAROFEEAK 2 1I2zhThiRd,

3 i

3—1 FBEABOFWEINT

M AR5 HITRETH 5700, Z5oHoBFEE
HET-1bE, TEME2LAZFEHILKTHOT,
FH X #Hr (LIF XRF EXiLT3) 28I -7
[ U7 eiiig, 06 X Mt EE s 0 AE R/ SX
26010, 47 H AT 18 JSX 3220Z TH » 72, Ml
MR, RN 30.0kV, T4 754 Lhs240.00sec,
3 A= —0EM40mm, HiHXHEDS, #EE

54
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(5)

(1) HHEEEY (2) b eEE, BflE b s UTHEIcAafams 1 Anl- T s (3) ¥EsEl (4) At

(5) g EEY

Fig.1 Photos of uncorroded glass beads

(1) translucent dark blue (2) translucent light blue (3) transparent yellow (4) white

(5) transparent light brown

19 20 32 33

61 06

P Q:gﬂ

; T [TEETEEETTTTITTTT FOEEEEREEREL PP ERTTT LT
(1) (2) (3) (4)
M2 WEAFORENOGI (Rr— Lo 1K1 £HL)
(1) Rl BEZELTORH, KRG BP0
(2) REeOXRFHIMMHEL T, AEISLEL I PFGEsssEgtiLT0 3
(3) HARDOREER > TV B EAH SN FREO VIS (4) RELAROEAES
Fig.2 Photos of corroded glass samples
(1) blackened surface of corroded glass beads (2) whitened middle layer of corroded glass beads
(3) blue-green cores of corroded glass beads : uncorroded portion of the glass beads
(4) fragmentary surface and middle layer of corroded glass beads
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BEENNILVY FPETH -7,

3-2 BEAMOEHEST

BRERT, HRICK > TEREBL I EENS 3
rOEFEEEDORNEBRBIUbLTIZ, 2BARR 5
HIH U XRF LK 20458745 - 7o, A4 ORBHR
HEIT & - THDE X B2 HIE T 2860 (B0 XRE,
HEOPEE, FREOPZE) PRERMLENRILD,
—BTRUED T, BIEBFROBREILT6 AT TH » 72,

FREE, REEGE3 -1 LRABETH -7,

3-3 BERHOMRMIELEIHT

BEARO> B84 (HN5, HNIS, HN42, HN4S,
HN53, HN56, HN58, HN62) {22DW\T, HEFELSTS
5 XGRS (LT ICP-MS &£ d53) ik
Bk (*Pb, *Ph, *Pb, ®Pb) OPH AL I -7,
SEE, 2 EOREMOFEMEE L,

RAEGAE TR, S B2 S 40mg 29WM LT IINO
MEE3ml ICIEES Y, TOLBAR 1ml @K
ml 1A T 1IN OEBREMKE L, &5I20IN, 0.0IN
DEBMEENR LTz, BB &0 3BEOBRKI, AER
BEITIS U TS 72,

/A L% EIZ, Seiko instrument #% Plasma
Quadrupole Mass Analyser SPQ 6500 T& - 72, HI%E
M3, BEERH200 @A 1 JIEE Ui, BEMSUERK
D ICP-MS TH 5 2 & ERALESGFIMROMIER S
BhinI &ickh, ThETOHTA I XDHHEIC
HGEENFATNZ D, BERBAFEAEEOEE
il (100[E) D 2fEE Ui, F7, MEEOEHHER

4#i& Lz
4 FER

4—-1 FBEAH

FEHE Aalnt 5 MO EHBER 1 ITRT,

a) HNI12

H—oFHERNTHZ, HHBOERTE, TIA
VRERZBITIVAYARROr A BIEN 5 ZADBE, <
VHVEABELEDED LN (Co) MEEBRETH
D, ENoDH S ARPETEES NI ENbD-T
W3 (JBE 1995), TOREKTIE, a9V bREBEEHEH
T, HHORBELZ VB Z2DEEKIL=y 7V (NIO)
LBk (MnO) THaHH, Bit=—vwrLog
HFRRIMETHY, Bib< F Uitk 3 20ICERE
BOSFRILEFHKTB UL E I ENHLETH S (FETE
1995), EEfL+ MY w4 (Na0) OAER (5.28wt%)
BHBHN&EWC &5, fEEEF Y Y4 (NaNOs) %
BURE, HRAICERLA E LT L o TREMER H
3, WA THBEILT IV I =YL (AlLO,) &1L
ANy L (CaO) DEHHE (Al,O; & CaO & T
6.23wt%) MT VA Y TRKGF THBBILF b U T L&
BiH oL (KO O&FFHE (NaO &£K,O0 & T
6.89wt%) %< Flal5 A5, LA &g IEh M
BE DO -— T AEEEN S A TH B,

b) HN25, HN50

RN BT MY Y 4 (NaO) BB ESNh T,
ALY 7 L (KO) DEFEMNPLENI &h5BRIL

#1 FEBERABOLFHER (wtk)

Table.1 The chemical composition (wt%) of uncorroded samples

A& Na,0 MgO AlL,O; Si0, K,O0 CaO Cr,0; MnO Fe,O; NiO CuO As,0; Ir,0; PbO
HN12 528 2.54 257 6191 1.61 3.66 0.54 1.04 1.60 006 0.10 0.77 041 17.92
HN25 (iRFEE7T) - - 1.07 69.79 459 791 - - 018 - 024 043 032 1547
HN25 (B &E5T) - - 006 7257 2.65 7.95 0.19 0.01 044 - 025 039 031 1519
HN43 - - 449 65.67 0.49 051 - - 378 - 007 085 048 23.66
HN50 - - 1.88 7266 422 527 0.1 - 039 - - 037 027 1483
HN54 1.03 2.98 81.40 7.27 6.76 - - 022 - - . - 0.31

- 1 3ER
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AV LERUEANER SN RS NS 5, BI1LY
o4 (Cr,05) {F, HN25 0 (1R (R &Ik
—ELTW3) &HMmo HNSO ICREESA ST
%o MARHIMBERBUT S, HUBREEHLND
LIRS~ A BIEH 5 X TH 5,

c) HN43

BRAL7 Vi =7Y L (ALO)) &HE (449wt%) &
{bgk (Fe.0)) BHR (3.78wt%) i35 HAFRATH 3,
MAKSTTHBEAILY Y L (CaO) DEHE
051wt%) BELVTHBH, Bt ) VL (KO) @
BHR (049wt%) HNE L, HENFOEBET IV =
Y LAHERTHARAH > T 5B, 7 A HET 5 O
L7V =9 LEMBRREMC B0, THEPECERE,
HEEEMINS D, £, KEAMH L, BEELCH
THMERABEOODYWS TRORWHT I R] 22K
B0 TWAILRBIPOFHERNEDLDTEN T & b
BMThd, BTNVIF—R-—TABESNSZATH 5,

d) HNb4

BALA Y v L (KO) OFFER (127Twt%) 135 mHf
BARTHO, BILHIL L (Ca0) DEHE (6.76%)
bEL, BAOEHRY S Z0MSEMERL, BATHE

EENAREN NS, AY —AK— T A BEST S AT
H5b,
4-2 BEFAE

BREAROTIZE, TEH, XKEBOLFMRE, £
hzhnk2(1), £2(2), £2(3)ILRT,

sk (FeO), BEMLSA (CuO), BEILtFE (As0y),
BE1Lsd (PbO) D& BASHIHEERN o REEHICIA 1 TR
EasmL, YU A (Si0), B{L7 oL (Cr0y), F
fbt= 47> (MnO) ORBFEBIT 2, £, HH#
AEFEoLE (HNBRLE] A B OKERIE
pH 750 TdH » 72,

4 -3 SRRIGIMKEH

BaEE 8 SOMIHEMALE 3 ITRT, HNG8IZ
®Ph/®Pb ¥ & U ®Pb/®Pb DA 8 L/, “Pb
/®Pb 5 & U8 ™Pb/™Pb DEM 8 &k THia k& M
AL B,

HATH A U2 RERR O 5128 O 8 R AL A L5347 5
S, JhoOHMBOERENEL, B, JEEE
BIUHRKIZIDHTE I Enbh->T3 (LIFEH
1980 ; Hii1Z A 1985 ; i 1989), Th S5 DOFHHE®
X O HABESR AL A DR AL AL R EEH &, BBt 81

#£2(1) BERAMOPHBOLFEME (wt%)

Table,2(1) The chemical composition (wt%) of blue-green cores in corroded samples

RELES  ALO:  SiO; P,0; K,O Ca0  Cr.0;:

MnO  Fe:0s NiO CuO0  As;0; 105 PbO

HN 2 3.86 50.27 - - 0.74

HN 3 4.29 44,93 - - 0.45 1.09

HN14 2.66 28.05

HN1S 311 3237 - 0.89 - 0.54
HN32 414 4755 - 0.43 - 0.40
HN40 382 41.99 - 1.06
HN4| 391 4898 - 1.26
HN42 413 4236 - 1.74  0.51 0.67
HN49 466 6591 - - 6.55 0.6l
HNS53 2,73 53.18 - - 8.02
HNS38 776 63.94  0.56 112 548
HN61 3.84 5581 - 1.08 567 444
i 4.08 4795  0.56 1.08 392 1.29

BERE 131 11.24 - 0.40 3.24 1.56

0.71 - 0.24 1.20 0.69 42.28

0.03 2.76 0.20 0.48 1.10 0.70 43.99
3.62 - 1.50 1.58 1.00 61.59

3.90 - 3.00 1.10 0.72 54.47

1.97 - 1.13 1.25 0.73 42.4]

0.71 - 1.09 1.79 0.91 48.62

- 0.54 - 1.66 1.23 0.65 41.76

- 3.25 0.13 1.12 2.71 1.11 42.27
0.04 1.47 0.10 1.69 0.33 0.31 18.32
- 0.35 - 2.52 0.91 0.72 31.57
- 0.64 - 1.58 0.37 0.33 18.23
0.32 7.49 0.33 1.79 0.70 0.38 18.14
0.13 2.28 0.19 1.48 1.19 0.70 38.64

0.16 2.09 0.10 0.77 0.65 0.24 14.32
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#£2(2) HERBOFTEHOMERR (W)

Table.2(2) The chemical composition (wt%) of whitened middle layers in corroded samples

HEEZEE  ALO, Sio, Ca0 TiO, Cn0O; MnO  Fe,0;  NiO Cu0  As;0; InO; PbO
HN 1 3.26 27.26 - - 2.53 0.07 7.61 0.42 1.16 261 123 53.86
HN 2 4.06 46.67  0.66 - - - 0.68 - 0.25 2.14 0.95  44.60
HN 3 4.93 4585  0.34 - 0.15 - 1.66 - 0.89 1.38 0.83  43.97
HN 5 3.85 2194  0.74 0.45 - - 428 - 1.97 4.03 151 60.98
HN 7 3.01 3134 031 0.26 - - 2.73 - - 1.73 0.95 5557
HN 8 2.95 28.10  0.25 - - - 2.50 - 1.27 1.77 1.11 59.72
HN 9 4.41 37.58 - - 0.47 0.01 3.32 0.12 1.38 2.08 0.93  49.70
HN10 3.95 35.26 - - - - 1.70 - 0.85 133 0.81  56.09
HN11 3.86 24.69  0.66 - - - 6.20 - 0.65 3.38 124  59.33
HN14 3.12 24.68 - - 5.56 0.29 12.68  0.66 1.38 1.64 0.79  49.19
HN15 425 36.56 - - 0.54 - 4.68 - 1.88 1.36 0.79  49.94
HN16 4.07 36.17 - - 1.86 0.08 5.82 0.28 3.61 1.32 0.67  46.13
HNI8 4.36 4277 0.37 - 1.82 - 13.02 036 0.34 2.08 091  33.97
HN21 4,77 42.51 - - 0.36 - 2.02 - 1.72 1.51 0.78  46.33
HN22 2.87 23.40 - - 0.20 - 8.15 - 1.63 0.90 0.86  62.00
HN23 4.06 35.93 - - - - 12.39 - 0.59 2.13 0.79  44.10
HN24 4,99 30.31 0.33 - 0.62 0.01 3.07 0.14 2.99 1.85 0.83  54.86
HN27 4.32 38.51 - - 0.17 - 1.17 - 2.10 1.89 0.86 5098
HN28 4.32 36.96 - - 3.58 0.17 8.02 0.60 2.83 0.48 0.60  42.44
HN29 4.80 4852  0.37 - 0.73 0.03 2.12 0.16 1.03 0.65 0.57  41.02
HN30 5.76 31.05 - - 1.75 0.02 5.96 0.34 3.30 1.43 091  49.49
HN31 5.01 41.59 - - - - 2.13 - 235 0.90 0.80  47.23
HN32 4.73 38.80 - - 0.35 - 2.77 - 1.93 1.91 090 4879
HN33 4.59 38.59 031 - 0.46 0.01 1.72 - 0.90 1.07 0.65  51.69
HN34 2.43 16.16  0.30 - - - 2.96 - 1.62 1.75 127 73.51
HN35 4.76 40.13 - - - - 1.88 - 2.58 1.75 0.91  47.99
HN39 5.19 44.65  0.25 - 0.12 - 1.03 - 0.74 0.87 0.69  46.45
HN40 4.33 37.06 - - 0.73 0.03 2.16 0.14 0.71 2.20 .02  51.61
HN41 4.59 40.73  0.41 - 2.43 0.12 5.00 0.39 1.35 1.46 0.92 42,60
HN44 4.72 41.65 - - - - 1.03 - 2.62 1.62 0.80  47.56
HN48 3.30 27.53 - - 0.28 - 8.35 - 0.63 2.57 102 56.34
HNS51 8.47 55.07 - - - - 1.88 - 1.19 3.58 1.14 2867
HN52 3.97 37.77 - - - - 2.77 - 235 1.74 0.91 50.49
HNS5S 3.82 25.80 - - 0.82 - 4.62 - 2.02 3.98 165 57.29
HNS6 7.85 40.78  0.55 - - - 6.71 - 0.36 2.96 1.06  39.73
HN60 4.07 39.15  0.27 - - - 0.86 - 1.03 2.57 123 5082
HN62 4.69 3553 0.51 - 0.52 - 333 0.13 1.92 3.32 127 48.76
T 4.39 3587 041 0.35 1.18 0.08 4.30 0.31 1.52 1.94 0.95  49.83

EHREE 117 8.26 0.16 0.14 1.35 0.09 3.36 0.19 0.89 0.88 0.24 8.13

- BN FER M
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£2(3) BEAHORBHOMFHR (wt)

Table. 2(3) The chemical composition (wt%) of blackened surface in corroded samples

®EER ALO, S0, P,0s K0 Ca0  TiO; Cr,O; MnO Fe0;  NiO CuO  As;0s IOy PbO
HN | 251 21.24 - - - - - - 3.45 - 203 2.48 122 67.07
HN 3 332 6.41 - - 0.54 - - - 2.05 - 3.96 - 1.03  82.70
HN 4 270 6.35 - - 0.42 - - - 6.08 - 2.14 - 145  78.28
HN 6 586 12.40 - - 0.85 037 - - 423 - 733 0.84 1.06  67.06
HN 7 213 17.26 - . 0.37 - - - 2.60 - 6.10 1.45 1.20  68.89
HN 8 141 14.06 - - - - - - 2.83 - 478 207 1.18  72.47
HN 9 .14 836 - - - - 0.78  0.02  3.81 0.19 509  3.22 1.70  75.69
HN10 123 927 - - 0.69 - - 0.01 3.16 - 3.84  0.61 1.05  80.10
HN13 272 7.74 - - 0.51 - - - 3.40 - 4.63 - .19 79.82
HN14 2.31 9.64 - - - - - - 2.49 - 525 3.09 145  76.00
HN15 283 19.87 - - - - - - 4.16 - 6.03 221 1.08  63.83
HN18 7.16  17.44  0.43 . .16 0.41 0.51 - 13.69 - 073 272 1.40 5435
HN19 1.82 457 - - 0.63 - - - 12.78 - 2.88 226 123 74.47
HN20 402 7.02 - - 1.01 - - - 11.28 - 1.08  3.80 126 69.95
HN22 3.08  10.43 - . 0.50 - - - 8.33 - 351 2.14 126  70.76
HN23 248 635 - . 0.52 - - - 9.23 - 4,00 231 1.22  73.89
HN24 500 9.77 - - 0.63 - 120 0.08 518 026 624 210 .13 68.41
HN26 9.75  19.65  1.05 . 1.03  0.65 - - 24.20 - 0.25 1.57  0.87 4098
HN28 1.51 3.27 - - 0.34 - 0.25 - 2.12 - 2022 3.40 1.31  67.58
HN35 1.66  8.50 - - - - - - 1.84 - 9.61 2.69 1.51  74.18
HN37 8.04 2736 0.70 - 0.71 0.47 .14~ 0.02 18.05 009 053 .02 064 41.23
HN39 1.41 4.18 - - 0.38 - 048 002  3.17 - 6.33  2.85 1.57  79.61
HN47 450  10.82 - - 0.89 052 - - 12.02 - 4.00 1.78 116 64.32
HNS55 0.13  4.10 - - - - - - 3.31 - 637  3.33 191  80.85
HN56 542 8.80 - - 122 035 258  0.05 1203  0.31 1.41 3.01 149 63.32
HN59 3.47  25.83 - - - - 0.64 - 22.06  0.13 - 3.56 .15 43.16
HN62 8.16  20.06 - 0.46 152 0.74 - - 6.09 - 484 291 1.39  53.81
T 355 11.88 073 046 073 050 095 003 754 020 474 239 126  67.88
BYRZE 245 6.82  0.31 - 0.33 0.15 0.73 0.03 627  0.09 391 0.86 0.26  11.90
=TS

AL D3 AR 3 1R T,

X3 (1) (™Pb/*Pb-""Pb/™Pb 43f) IZ/Rd LD IZ,
8 ROEKHE, LWThLFHBFEHOFHELHTH 3%
b FERH, SEELES XCHAOHHEEFE LS,
HN58D *Pb/*Pb B3 FEE T /213 H RESMH O HFH, 1
D7 EISHEEBOEHEIZH S, —F, “Pb/Pb fEid
SR EBITLWThoomEH LD bREL, HEKRKD
HOREHBMCER LHOERELETRE LT3, X3
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(2) ("Pb/™Pb-"*Pb/™Pb £7G) IZ/"9 & 9 i HN58
IFFEILO P AT, HN56 I3ER O RPHIT L, HN53 &
HN62 SHIEE RO HETEICaHm T 50, HET5Hh
S OHWETE L, L L *Pb/*Pb fi i HN58
DELOEHIZ, o 7 AI3ERE, PEEEOHHEICH
%, ™Pb/*Pb i TILBEDRK MEIL ORI A B,
oD EDrSHABHIRERTH 2 alfEHF A,
BERGOFEIREETH 5,



X3 WA 8 LN IRLE (5 akE 2 [l o - K fitD)

Table.3 Lead isotope ratios of 8 corroded samples

HELES °Pb/2™Pb P/ A%Pb  "7Pb/A%Ph  2°8Pb/A%°Ph
HN 5 18.86 16.27 0.863 2.138
HN18 18.88 16.21 0.859 2.142
HN42 18.84 16.19 0.859 2.149
HN48 18.80 16.12 0.857 2.160
HN53 18.80 16.16 0.859 2.137
HN56 18.80 16.22 0.863 2.155
HN58 18.35 16.07 0.876 9172
HN62 18.83 16.12 0.856 2.130
16.3 F ::. 2.18 ;mss
HNS58 o
.
16.0 A

207Pb/204Pb

15.7

15.4 4
17.5 18.0 18.5 19.0
?Dspb /ZMPb
(1)  %pp/2py —207pp20py, 43

0.83

207

0.85 0.87

Pb/**°Pb

(2) pb2%pp —208pp/2%ph 43 A

(43 SR8 sl S AR L & B AIH A 0D ¢ 585 0 8 [l B (A LE S A REDH T &5 B e, HERG, BRSO & HEDH B & O H AESR LA 0 53

Ak DR

@ kL AL, B MO, C: WEREEORM, D HARER S ORI

Fig.3 Distribution of lead isotope ratios of 8 samples and distribution ranges of ones of bronze excavated in Japan
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ERRGOEREEK 41277,

FERE AR & i AR O IR &5 T H B P
TR, YV HORFHEEVSHBOEHERE LEDB,
BRI RD & ) # & EHE % D HN54 (Si0. &fF
B, 8l4wt%) %R MhD 45 TS, B LEIIXT H Y

(2)*"Pb/*"Pb-"*Pb/*"Pb

DADEE (SIO. 8FHE/PbOZER) 33~51k
%o BAREOEAEITHI TS 58, KEEHS T,
Z O AL U s> WG S KRG m1 TR L AshE
g & 54, JEMS AR 5 S, MEEERRILYIZ X
Bt MK (FRILA IV AEFZBILT VI = L)
bHH, BEMEV ) AERALLTOEEMAMEA S X
THY, WEMEEFHRMNRL S AREENE 0,
HN25 & HN50 (&, {L¥4kn SE—o LHcllgsh
fonfREPEDSH 0, fhod 3 MI%, ThENHRMBEL - T
WaEEbLh3,
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The differences between uncorroded samples and cach phase (core, middle laver and surface) of corroded samples on the

Fig. 4
main network former and modifier of glass
L4 LT I=D L, BEANS YL, BILRIOGEIRIZK 2O 08 (wi%)
HE B DAL AL Z S04 U 72 G0F 12 A0SR o 2 A (L

THHN, BLHN LY LT RO L - TR (BLHNL DY L

GATEM 1.0 (W1%) Ko 7L —7) ELIKFR (FEILA L o™ LGAT4ED548~8.02 (wi%) D7 I —T) EIZ/piFA I ENTES

Table. 4

The classification of blue-green cores by calcium oxide content

AEHE Y ALO;  SIOs K.O CaO  Cr0; FesO;  CuO  As,O;  PbO
HN 2 386 5027 - 0.74 s 0.71 024 120 42.28
5 HN 3 429 4493 - 045 109 276 048 1.10  43.99
;E HN 14 2.66  28.05 - . - 3.62 150 158 61.59
A HNIS 3.1 3237 089 - 0.54 390 3.00 1.10 54.47
HN32 4.14 4755 043 - 0.40 197 113 1.25  42.41
HN40 3.82 4199 1.06 - z 0.71  1.09  1.79  48.62
HN41 391 4898 1.26 - - 0.54  1.66 123 41.76
HN42 413 4236 1.74 051 0.67 325 112 271 4227
S 3.74 4206 1.08 057 067 218 128 1.50 47.17
HN49 466 6591 - 655 0.61 147 169 033 1832
;g HNS3 273 53.18 - 8.02 = 0.35 252 091 31.57
A hnss 776 63.94 1.12 548 e 0.64 1.58 037 18.23
HN61 3.84 5581 1.08 567 444 749 179 0.70  18.14
14 475 5971 110 643 252 249 190 058 21.56

AR RIS REIL 7 Y Y L& G TMEHE, PO
R EDNIRMH 5, BLh VI LbF T,
Fv b7 —7 OBBUCRMIL TREL T B3 EA SN B,
COROAREE, PR T Y A OB T K

SEMIRENL L, H5 R EREEOIRES S S h T

IR

30

WBIEERLTOLS, OO FEHIKZE #7212
SARRRHZ Il 4 A AL FHLR O 8001, L84 R tai
WL R FARELT L I = A LI LB AL TR T
WIF—H R ORET VI = LFEATE 408wt
%, FEILEVFEIAAIH @ 3864wt%) TH 5, DL



TIVIZTLOGHHE (266~T7.76wt%) (2, [HODE
WS R ORETH 5, BALSHIKLS, MIPEic#Eh
TeHTATHBEN) T EMNTZX B, ThoDHME]N
ERAIILT, BILAN Y I L5OEHRIZE - THA
RKFED BTNV IF—8 R (BILAN S LB
LOWt% Ail) EfIKRD BTNV IF—RAK-8] %
(BRIL AN Y 7 LE1TH  548~802wt%) &I 47
BIENTE D, HNIKFREAIKRD ERALFHEE £
492, BIEH NV LEHROKIKAEM 5 ITRT, &5
WCHAIRRD T&T7NVIF—8] %, BILBAHE
BRI ERE LTRMAAREMBEAREICH TS

&, RICERB 7 525 = OfERIC—HT % 3D
TIN—=THEKENB, LT, “GBT7 NI+ DiEEH
L, [T&7n3i+—-8] 2 (8], TATNVIF-RK-
0l % TAK—8) LT 3)
12508857525 —0d5&, WEL3IHED
TN—=TERBDOBIENTES, BIEKEK6I1Z5RT,
ENENDTIN—TIZ, BB EBILAN T LDOEAT
RTHHESI oM TS, 3O N—TOHHE45
IZRT, BALANV Y Y LOFEIIOAIERTSE, 214
DI TR —ETHIENTE, Hib LIERIKREA
IKREIT—ET B, ZOZ LM ERILA LYY L
DIRGH, 7 TR = DELERTHA I E%ERL
T3,

8.0 |
> |
* 8.4 Ubkol o, MEH] RE [EH] REEEDHT
6.0
(8] FELT, 12 80 EHE (8] R&E [HAK—§
4.0 FRETHKENTUL 3,
§ i —Ji, 1280 [#] %, [AK-#] FZ28DKET
© 551% DS EHT, PO, ThERVEAL LI
| 090 WRAEKRDOFAILIKEN TN B H, FilidZ OEEHLS
‘ Frg7ns+-#1% E7NLsF+-AR-8B1% )
| HB, TOI &R, HRKRGTHIMILANY Y LOF
M5 HAKFR TETNIF—8. ) AR (BTN IF- HROFIN DD ST, —BIAL: E42RT &
FAIK—8 R) ORELA IV Y 7 LG ED K ) ) -
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Fig.6 Dendrogram obtained on blue-green core fractions of corroded samples
(analytic parameters : ALO, K.O, CaO, Cr.O,, CuO, As.O,, PbO)
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Table.5 Three groupes as a result of cluster analvsis on 12 blue-green cores of corroded samples

a3 5 PbO 7 A7 FiIH(w1%) T (wi%) CaO 7 A7 0 P (wt%)
HNI14.HNIT5.HN40 48.62~61.59 54.89 0.00
//‘
,rL HN 2.HN 3.HN32.HN41.HN42 41.76 ~43.99 42.54 0.00~0.74
57 5
HN49. HNS53.HN38.HN61 18.14~31.57 21.56 5.48~8.02
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. i ) . ) Fig.7 Mean gradient of logarithm of lead content from core
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Table. 6 Estimatedly original lead content of corroded sampls

HKELERS AWt%)  Yi(Wt%)  Ya(wt%)

HN 1 43 53.86 67.07
HN 7 45 55.57 68.89
HN 8 49 59.72 72.47
HN 9 33 49.70 75.69
HN10 39 56.09 80.10
HN18 21 33:9¢7 54.35
HN22 54 62.00 70.76
HN23 26 44.10 73.89
HN24 44 54.86 68.41
HN28 27 42.44 67.58
HN35 34 47.99 68.70
HN39 27 46.45 79.61
HNSS 41 57.29 80.85
HNS56 25 39.73 63.32
HN62 44 48.76 53.81

T PEBIE SR & RRALEI0IIR BEHEE AR O RRALER B A ARIC X B 40
Table. 7 The classification of the samples measured lead content on blue-green cores and ones estimated original lead content :
they were divided into lead glass group and lime-lead glass group
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Chemical Composition of Glass Beads Excavated
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Nature of corroded and uncorroded glass objects excavated from Satsumon-site was studied by
X-ray fluorescence (XRF) and lead isotope analysis. Five uncorroded objects were identified as
lead, lime-lead, aluminous lead and potash lime glass, respectively. Most of the 51 corroded glass
objects were separated into three phases in the inner side: blue-green core saving original glass,
whitened middle layer originated from dissolved glass network, and blackened surface made of
oxidized lead. The blue-green core preserves the initial condition of the glass. Some of the objects
were consisted of only fragments of those phases.

The concentration of lead determined by XRF analysis showed a exponential decrease against
position from the surface of the core to the outer surface. From the extrapolation, the lead con-
centration at the core portion of 15 objects was estimated. From the estimated lead content at
core portion, 27 corroded objects were classified to two groups, a lead glass group and a lime-lead
glass group.

Lead isotopes of 8 corroded objects were analyzed by Inductively Coupled Plasma Mass
Spectrometry (ICP-MS). The results were compared with published lead isotope data of ore bod-
ies, which leads us to conclude that the corroded objects were made by glass blended with the one

from China, Korean peninsula and Japan.
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