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@F—7—F:HhUIDLHSRX (potassium lead silicate glass),
tope ratio), 775 X1 (glass crucible),

—ER” - THiEE 257

SARRLE L (lead iso-
BERGEE (firing temperature)

1. 3

HAICE T 287 BRIEH 5 2D H B3 VR4 B AT
WEREMSA SN S (BEH 199, XU T LK S X
(IHE R R A A R AR R =R/ NGBS | S, KH
R M & 106 58S EVERRPHE» S (L
IR 11977, JLA 11983, (L : 1982), Fic#AT T R
oA R AUBE U U b e i IR BB B BARIR T 75 2 S8R
ETHERSIh TV S (BELMPIFER 1 2006), R4E
RO A BRIE /T 5 213, SREAALS S A T, wHE
POBBTIRERAT T ZAEZMALTMLLIEEZLS
T (LUK :1987), oL, HEAENOD BB
SRR ABRIEA 5 AN I N LRD, MBS -
feABMZ I EA STV S0, HEFREKIE IS
&, BUMAT I 2o HIrEEShS X51Kk 5,
FRIRREARNSE 1 5HE, \EEETEo
B S Ui/ 5 X OSREINLIR IS B AREESRIEA &
BELZEERLTHS (U : 1987,

ARTIE, A7 RABRBOEED S BFEEM ST XK
MAEES TREE—RAEE, HS2FEMbLLRYTS M
AL, BRI 2 TEA2 ZIRERE SRS 5,
o AFRMEFMT 52 LEEZ—RERE, 75 A8m0%EH
FAT 28 ELREE _REELTEEVIERGH 50,
AETIREEAFORE» S ORIEAEEBLT 5 /- DHijbOD

EIiTlic, SITRINSDI) b—REEIIODVTHE
H¥ %,

7 kLR S 8 AL FIEA O 23 B IR RS HE B T,
SRELAT M AE LIRS U TR 0, SRS, S
EMNEROFERHSHERS N, FEDSHY 5 Z0HEM
EAEDE TICWI 3 —IREENB I Mbh T Z &,
FTHOMEN -T2 (JBES 11992), 20%, RULL
FRES HUE B S i+ U 7 SR 258 12 [ PN BE D 8RR D3 (8
ASh Tl EMmERSH, FREICEISAMoAES
TTRBIADOUTW I Edbh -7 (IS @ 2012),
WHMEIE T OROBRBEF AR T, RMEEE LTF
RRREB LU THEESIN S, 10 HEEHRPITE 5 &
FHE FEIRRMEEPRAA 5 ZD & 512, Kb o#A
SN BHMETHDAY) T LTS ABEET S
(Brill et al.:1979),

AR ORENLR TH 2 MmN IEEZ BRI, 1977
SRk L CRIBAESB Zbh, ZL0BELE
MIBFEREN TS (KES [ 2008, KE : 2009, 7
7 ZABEP, T AENNIICHE LT (fEESh 2
B O A TARTIAMRE PRI L& 5) Mttt
5L, wiicBIF A A Y T LA S A4 EREEY
HATRGZIMEL T 3EBHTH S (k- 2008),
MBI, KRSEAFEEAED 11 it PaiczmB L
B ICE G OWENE - 1 Eh S, BHE - BYHSEEES

VI TBURAEN LA SRIEMBIERT  T630-8577 RRIRFZR M LHET 2-9-1
PEETHEEZESES T810-8621 ERBREMATHRRXXMH 1 TH 8-1
Y RELRF ARBEEAAMILHARRE EIRERMAEYME T285-8502 TEREATHAE 117
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£1 SER—%
Table 1 List of analyzed samples

No. gt st | BB R FR R

1 I-a%f 11 ik ~12 icaip GOE] R 62 IR
2 I-a$f 11 HEo~12 ek GOE ] 28 HF 62 IR
3 I1-a$f 11 it %E~12 fpirk A 2 8B 62 Ik
4 i 11 ffoA~12 fHfd HiljHA B2 &k 62 Ik
5 I1-a%f 12 o Al HE B 147 I
6 1-b 12 ik ! HZEH 115 K
7 HismEE ] 12 g | 1B Bk 50 R
8 g 12 i kp G % @B 50 %
9 g 13 % - 14 i piE %I B 62 K
10 g 13 THeHR 14 HCRRE #®I B2 8Bk 62 IR
11 S IR AN — MHZ a4 R
12 I-a F(EAME 11 tHof~12 i EOE ] L EHF 35 R
13 1-b HOEAE 11 fif~12 fifd EOE ] T2 EEF 100 K
No. Gkt JER Il R R FHRREL

14 RREEER 12 ffd i Al M2 EM 107 X
15 P s 12 e ~12 ok s %8B 35 Ik
16 H 5 B, HAH S A 12 e ~12 fite K A ML EP 115 &
17 REBESEN 12 e ~12 ek R L& 115 IR
18 LEHBESR 13 fikgaft, % HZEBF 71 R
No. &kt (s FiIE R I 4Bk

19 i 11 e OE] SRV B R
20 i 13 fitfotk e ~14 {2 % B B
21 Po— i 10 TH4C + 12 i e EIEY] SR )
22 Rii HR~15 it #%i RO R R
23 T KA A B - BT B
24 i EEIA Y - TRV B R

5, ARIOMBER ERINEZ S 11~13 BT
AETHE, ROMAEEKRE LILEGNEKZ, HKES
D—KMETH 1, EREEZEBHNSE, 77 XP
B« 8, BT HEHCHEEYSH L TR D, A
RHEESBIRbA T I ENHOMEL - TS,

IhET, BEZENET LTS AEEEH O BREY
MSRAR, AN - HREET S XEER 9 &,
fRA T 2B 2 FIZ DWW TH T R DAL S R AL
Rk, HHato X BEHFSHE ENEREIN TN S
(I & : 1993, 1995, 1996a, 1996b, 1996¢)

BFIRLAR ST I 513, BZR - M E T 5 AEE
B3 S G D INGLILIBE, Rkt 5 R B 2 s E
EOFHTHZZ bbb,

X 7CHHRE Lo X BB &, 182 EBEE 59 IR
AR X 1000~1200°CREE THE S iz b D &
HESIN TS, MEZEIEE 62 KAA TIIHEELEKR
FEASH 1200°C D HEHE 4 61, BERIRAE I 1200°C & T
LT B BEEICRIch TOERBSENEEZEL NS
ETARHIMLIE, L5414 PBERENT Y X MNT A b
PR &N T & O HEEBERIR A5 1000°C o HEHf 2
H, BAOBERELLS A MBAERES N TOROIEEERK
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REEAH 1000COHM 1 it LT3, Choo
s LB TR, FRMRENATFESLS
Nz, #IRAFMG LA I ZBEE S0
THIEML, SRS SICHEALTREEZESDIHH
MO TREOMEHRESN TS, EZBBEE T1
PGRA AR, 12000CHL LTk s hic B, A5 X
DRI fEbNIcDTHA S EHRESIN T 5,

oI, HIRE, Fesh, 77 A8, HRNETS
ZAEBEEGT 124 S8 UTEBASTBRERK ST
% (Wt 1 2009, HAES :2010), £hoicihid, &
BIE~RORHOERNBZ L, YT LT T ANE
BrEEDTHE, ERBERZCBOLR, Bt
N, ANV I L H )T LBELRIBENIER R
Sh, HVYLAKRASZATHBAREMDEMEhTH
%

WAEDOHFR (WS 1 2008) 1Tk - T, MEEMEL
THHRIE PRI OE R, Lo WIRBIEIC X > T4
HTEBI EMbh-TEickd, bhbhidzh il
2, HRORNERITAE LcA s RE&R (UTF, HiH
NEA S ZEERE X3 ORENELIMTEB K -
T T DKER, HMSHE « UBKRHIC & » TERER OB



HuBENERH LIcoT, ARTREWERET S, &
To, o ZBG EHPAEN 7 2EER & OB EM: AR
N5 DI, FEEMEEEON S ZBEIZONT b FE
OREEB IR -7, E61T, FLITH 5 HFRHTEEF
oML UBHREEEEZ S 5 MM % O 8 [ ALk
SbB IR, B Eb IMREICERELTHSE D
EBHION T B HMILILEEA SN 2 8h (R -
200D, AV U LHATAUNCOEHLOA TN ENE
I, AEEBIL -7,

2. srirER

STIcE LB RN, MZEBRL L oHRAE S S
ZEER 11 5 (Nol~11), HHELEU I EHTH 50,
ERBEBOLL (F7 ZA8FFLTHRL) EHoOHEE
FoidgkiE 2 B (Nod2, 13), #75 Z#&5 4 (Nold~
18), HIEBLATERF I MM 6 51 (No.19~24) T
H5 (s 1), HAKEEO L WERMOFE X 72 13/KkiEE
BN U B, 1200°CHEHE O #1285 Ak D BERKIR
Eioh, WRICEGET IS AEEMT 2B0RKE R
O EHBNTBLLDTH B, &F Nol~I11,
No.14~No.18 D45 X'Fisyr » 75 ZEBIZ >0 THL
AR, &k No.l~11, No.l4~No.24 D4 5 XG5 «
T ABLE « BRI OO TERFEMA L, Nol~13 T
BERKIR BT B T & AT - 726

2.1 HS X
FrcBREINHBOSERIUTOEBDTH S
(et 5 1 2008), ERIFEMIZER 1 IR T, WThLHES
EEHHTERTH %,
« T-a i PEBEEEDOEMOE X 7 3KkEE HHH
NEHA LKL
« IT-b 8 HEBEREEEDEH O F 72 13KE % AR
~NEA LD
OB I-aZisM U CHIREAE L THNTEES
hicEEZons60
I-ae I-bBHRENEL, BLOKNFMHHHMTH Y,
BFEPH22LEOREERT S, TEHBHEENEL,
HALORE AR SN TE Y, EFOBENS SHTN
REDHIZENEDZ, £ I-DHELDET-a 0K

D EBIHZ O, HHRER OB OFEMIEE 1 1ITR
LIl THB, ST TIRREL SR HBL, Hil
& UT 1L e ~12 i aif, & LT 12 ikt i,
BIE LT I3 HACLIBEE Uic, AP THAICML
bOW, FIELTHM I a B3 s, HMIE 14,
EREBOBOEEBKE2 &, FHELUTHRL-a
B1A, S I-bRE &, HWMIE2 A BEELT
HIM IR 2 2, WEAEAER 1 S Th %, HIMTEN S
A, BLE & OREP DI OETTIRE~ R
DEBZEZEL T B,
FHETHENR L Lk BB OHRE, 40&
CAMZEBENSOMTHESRGZ L, U THHM
PET P, A IRET, KBRS 3 AETicEHh L TL
370, WHHESBESRAINTORNHD THEOFMIT
AHHTH B (Hfk 1 2009), MZEBELSTS, FHL
DRI P FHERHMT & U - 7B P RSEATF 72 & TR
b5b00, ik TRHFESNTE ST, LFEDOA Y
LA S A OHIBE LT RN EBETH - Teh &
IMBARATH 5, —F, THLERFORSMER L L
DS AT E L TR 0, FUERSEREREA
%Y (BRENLLMBFER © 1992), ZRBERR
DO e B —Y (RRERIULIMBIZERT © 1997)
B L OHEEPHES (REBERERAES - wEEUE
HRE WS 1 2005) 3 &, 75 FREHMOMHERZHS S
D DA D HIF B T S HBHEATE 5700, H5—FE
R, A7 S 2ok E LTS hc—RINEERET
Holcbnid, N SOBREOHBNET 5 RE
DWW TSR RN KRS A Zabh Tk (B
B 5 11993), E2H LR H 8 L EE R O R RE M A
EHIh T3,

22 HSREE

REMGE Lic s RBEE, W& A 5 28 GF L
2011) EFBZONBHE~ROEETIHBN 18 - FH
ER 14, AABABEHEETSETFORSH 1 & - B
18, BREETEIHNIRBMLIETHE (F1), B
BHHTIET~REON 5 AUROHTEAZ , Fkk
ICHHRAE T S AHER O BE~RBEEL TS 500
ZWIEhS, HRAEBICHE LTV 57 5 XEERN,
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S ZBMEORME L TEDbN I EZEZ TR, KR
TR, BREALEO~RET, MERA VY LMATIRE
ZZoNBH5 ABBERRL, Ths0MENEB
TH5IEIC L, BB~FOBRERT L4 7 XENEK
FLTO2HREELOZEIC L O AROBHE R - /C
bDEALNBDT, TOHRDIZDIZFARZRBDOTF X
BMA R & UGERIR UAMTRE R 2 IS U, P
BEEN, R, hI3 A, BI1 A TH S, BE
PR E, MBE TS 3 WEREHEIRE LS 720, &
WrERLERAE KR E 23D T3 X087, F72
L EUEE 115 KA TIE, B~ROOHMRNEY S
2B &, ARBEDHT S A8, KEHHERBE CHEXAH»
SHELTWAE Y, IhsbMrERITmA 7,

2.3 BFrMEES

HiEgER & LT, MZENHED S 2 km BEh 7o
IZH B EZEIATER A & 4 U 7R RFE 25 6 5 b 4TI
L7z (F1)o BHFENLHENS, EM - BBICAE
EHODH - 72 &F (2 TRIFRESWHRT 5) SHE
SNTWEDTHB, FERHNZ, B2 5, &2
M, RRUIRE 2 HTh B,

RrFE g X R Tl 9 HHACHTRE D S 10 HidE,
BiTid 10 fitfdtip o 11 idEIcEEL T EEX S
NTWB7ce, I THrERE Licikhbasg, M2
BEFEES S UCBERORIHE AR, 6L Ree
HORHOER EEZL oh b, HEVITESED» S 142
BEEHE TR ERBED A U 7 LTS X DI 1 A
Ht LT3, FkloshErH 8t R LT 0 & R %
il - BEESLELO & O DOEASHEESN TN S0
(F5HE © 2001a), XHHHEEIL DS FIALIRL &Ll AR
S NHER SN B O H 5720 (B © 2012),
AN T LTS AUSNDOER TS IHEEOEEHEE L,
BIPE 2 #E S 2 &I L,

3. ik

3.1 HSREHS - MEOENL X BRI

WM S ZEER - 75 RBLE - M, 58 1
mm X 1 mm KD EHRIL Sralet & Lic, BLo
fedic Al SBEL TO A ERS R LBk b 5 B,
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KAEALEAEEN 2 ENEL T 5720, BLD
REBILLIMBOLHRBH2 6D EEZ 5,
FRHLUCEER, =5y 7 ZBIOLXBOTEKE
EAGLEII, RE&KMHFRIEERE 20kV, &R 200 1A,
X RIS 50 pm, JIE KRR 300 #, HZEFHSH T
Hb, ERSNOBLERBHTIE, NIST (National
Institute of Standards and Technology) F4T® 89,
620, 1412, BAS (Bureau of Analysed Samples Ltd.)
FAT0 SGT-7, 8, I—=r 775 A @Y eEERER
CMG-A, B, C, B &k UEEEIMEE P E R AR
G vy —EAEHERF JB-1a, JGb-2 2, #HoT
KOBBALY O EEH 100 wtI 1278 5 & 5 BigL L,
FP (77 v F AV FNeRF A =5 —) ik TE
BHZRD 2, SITEFTREEME F TTE 527 AfLo
BENDZOERZERL, Z0E L THFEEE & -
725

3.2 SARIRIARE T

RS S 2 EER, 75 A8, RMESRE L,
3.1 OEOE X BTV c b O 2ok & Ui, #
D53 B 3R sy B (FERE ¢ 2001b) 2 aEH L
oo SPHTEEIE 3 K M B MR Y 8447 ¥ & Finningan
MAT-262 2/ L, # 200 ng #2480 REER %5
HUT, 770 HENTRREELE LD SHMEORK
BECHMEL, V=LY vV 4540 M RIT) V-
VUASTIVEE I L TRIEICH Ui, JIE SR
T 45 A MEE1200CE U, [R—&METHIE L oA
#3k (NIST SRM-981) O F— % % CTHES 5
BHROMIEE B 18 - 72,

3.3 X#REFr ST

s L CHEO MBI OWT, BB s oA
B LSO REIC & D, B X T OBEREEEHEE S
B0is, XBEFFMEBI L -7, BIHREMK
VEEIR U, SHHEEICE, Rigaku & MiniFlex I %
EH LU, WESRHFIEEEOKV, EEIK 15 mA,
=4y bCu T/ Z7oArA—FH, R7v 71E0.01
deg., A¥+ AE—FK06deg./min TH 5,



4. HRBIUEE

41 HS R - HEOHEK X R
SHTFERZR 21T, REDSPEL T S7c,
AT 7 AEERNE, EMboREIC L > TH o3
TEA S F S ICEBHT S, 22T, ¥7REXHOR
LA BFHI L THEERIE LI S (1993) ok5H &
HEgL, ZEEICX2EEOBRENDVTOER QMY
o o

g o (1993) D& Ic khid, FmigT Bty 1
% 456 wt%, FRALSn 426 wt%, BERILA U ™7 L% 18
wt% DEUE T 5 72 & DA, 0.5 mm~ 1 mm FFEI L 72 %
B, TER{tA 1 % 355~365wt%, MRILEN 51.9~49.9
wt%, BAbA VT LR 114~124 wtH & 572, 2D
EMS, BN Y Y ARE(LOREEFITE L 2T,
FHEEENTE THEENRESEATEZ Ehbh b,
AHFEICB T BHBAES S ZEER 1 Nob) &
B35 (Nold, 15, 18) DMTE (F2) 13, ZFE
b2 1 FH9 36~46 wt%, EEILEAKT 37~49 wt%, ML
AV YLK 1~14Wt%B TH - 720 ThoSIRERILH )Y
LOEMILIE S (1993) 1T X 2 HHIBOEIHICE N Z &
o, BALOBREINS S, KROA T AT L D
WD LM LI, Tho 4 EOTROME-ET 3 &,
BAb VY LBEICENIERNH L OO, KL
UL RICHE R BN A oo, 2D &
no, BIZKHATH 501 (No.ld) « i (No.15) «
%I (No.18) 047 RBFHES, FEHTH 254l

OHHfE N S ZEER (Nob) &4 285 (No.15)
EDOHB TR, (LFHBITIZIE E A EHEDS U &K
L7,

Zhicxtl, ZRAABETEDNELORRERK X
WER (No3, 4, 9, 10, 11; £28R) 13, Bt#H
Wy LY v ORBENEL, LEHRSMEOER &
KESEL ST, Thsic>L TS (1960) 13,
By « AMEOBEROHER Y EOFBIc LD, EULIZL -
THENEA LD TRBONEEE LTS, KiFE
DANHFER TS, IV TLEEGITY v OMMNEEE
TR SN T3, 2D BT, AV I LT FXD
FEIT, REERE EOELDOREIC X 2 EBRM MBS L
bDEEZ SN, £V U EAGUENANY X (BB)
i (Pb,CI(PO),) bHERIN TS (LIFS :1993),
BRILA IV D L&Y T DT, LS (1960) ©oF
BRI TEREN SORBEICLE) VEBEAN VY LE
OHNEBENEZL oM D, EZREHIETEETHD, Ax
DOHTF I D 3 B LB OB, BIKED D LEYE
&, FHRES D53 ERECEY AR EOHEE T
193, ULh Ui tHhsicsuT, B0 E
L DB EHREICED SN B HFIBEN D, RERAN
DEENBHEOHEEHET LI LFELL,

11 it b & A S S5 58 4 B P BR FE AN SR A 5 15 R 3 A
MAMmDAZ AE (UT, EBWANT I ZEET) O
FETIE, BRILSY 67~T4 wt%, _BRIb» 1 %K 16~26
wt9%, FELA Y ™ L 03~21wt%, BRILY » 05~4.8
wt% 2 FUHMA 7 A S hic (RS 201D, Z

2 HRNENTTRE 77 ABGHOLEME (Wt%)

Table 2 Chemical composition of vitreous fragments clinging to crucibles and glass objects (wt%)

No. &kt 58 - Bk 26 Na,0 MgO ALO, SiO, PO, K0 CaO Fe, CuO _ PbO
1 2% ik 020 026 34 689 1.0 25 088 069 037 217
2 2% ) 035 014 23 545 43 22 058 020 011 353
3 1-a% Hageade | 056 0.2l L1 439 69 11 25 019 043 432
4 e WmEalL | 043 012 048 241 45 019 042 021 013 694
I Y- 1-a 8 e 050 014 074 379 056 114 009 011 012 485
6 o Ib%i R 043 011 091 445 055 84 019 023 067 440
77 7IRHE I PR 033 020 67 595 48 18 14 14 1.1 226
8 I e 064 061 25 487 14020 30 099 11 396
9 g RBEEL | 051 013 1.0 83 194 018 94 036 012 605
10 g yaemEdt | 054 007 47 585 66 38 44 25 009 172
11 g wEEAL | 072 037 2.2 8.8 181 025 155 067 034 53l
14 BRI WAL | 049 010 074 364 048 122 0.3 015 009 492
15 BE bIED 064 012 066 435 035 142 032 011 006 401
16 | #5288 | #3528 B 031 010 091 392 064 81 003 016 062 500
17 BREN K 052 011 079 393 066 95 008 028 070 481
18 BEA ENEE) 063 011 079 456 037 138 16 016 _ 006 369
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OHMGIIAFETHR E LI2BER EBANEL > T3
72, AERTICLET S ZOHBMREET A TS A[EE
UNEZSNB, ZOHIIONT, UTICRFILTAS
ZEIZT B,

HFRMAST 7 A TE, BIEAV Y LBEIZLDOE
BTLOWt%UTTH -7, £2T, AHEDOERD S
B, LAY YL L0 wtBL T O&ER 4 5 (&% Nod,
8, 9, 11) %=L CHigEEAA 7,

IhoD5 b, ER No9, 111EE{ILY vHEhEh
194 wt%, 181wt%, EB{LA NV Lz hEh 94
wt%, 155 wt% &EENFHNI EnS, BILOREEMN
FELOLI ENbhrb, &R No8 i3, _BLr 1%,
ER Lsn DA LI & (1993) O LT3 JEk L 72
KNG OBMHEITE . > T, BILA ) U LDOREMN
LOWtRUT &RV DIiE, b &b EDMBEMBER-b
FTIRAEL, BRI > TREMET LD &ML
oo EFNo4d i3, EEAEZORLHETHES (2011 ©
HE LTSI A EBEZEVD, BRLY v ORE
WAL Wt EFEL B> THD, IMLOEENHZ DL
EZohb, BRMAN S AEELRIRILD, &F Nod
FHBICX > TOREESABRILT 513 EAIEMAE L L
HATHBEZ LA D SN 5,

UbDEhs, KPR THITICH LB/ T X
BEAEhT, WFRbH Y TLET SR THB KM LI,

B No8 o ideHEMi ahic, ThE Tl
SNTOEYFEMO L REFUEH L LTI TERAL
PTORRE AR AL AR B RN AR DT T XA EENT T X
(8 © 2011, HH5 1 2012) 9SMH b, Tho Dk
WA ZITRB AT LTS ZAERI S ZDOW I HH D
BRHEERTH S, HIANEEEZBATEIIEITEL-
T, BBAPECHE L COMREMNETES, VRO
HEREZRMT 22 EI2L->TH S AT OKIEHED B
PhbsIEBHIONTED, BROM7 Y XFIIVIT T X
OB, $903~05wtl% D b FEH, TILA Y WEERE
(ALEBEZoNDE) LEbitiRmahTns (HP
1999), MRHMBEELTE, M TRITEETNIH
(Fe'") DELFDOVEDELTEENBT O h, 2o
BEILUaBNRMESN S GLAZ @ 1999), 72
U, AFRTHRELIZER 10 505 5, BRI
INTCDRER NoB8D 1 HDATHY, FRBELK
LOWt%B ERREDTH B0, BRIIEMULIZ D
TREL, AHMOREEGEZ SN 5,

4.2 SARIGIAREESHT

TR RAES 3 1TRT, 7 “"Pb/Pb k& *Pb/Pb
Ko (@K LT Pb/*Pb & “"Pb/*Pb
DORfE (bR K1 ~K 51277, KHFIZIERERD
T 28 DTG D S FALIAR LA 7V — 7 501F Ul

£3 HHREEN S ZE 75 285 - RO FEL AL

Table 3 Lead isotope ratios of vitreous fragments clinging to crucibles, glass objects and lead-glazed earthenwares

NO. | g*;} ﬁﬁ . %:Ht . 2%& 207Pb/206pb ‘ZOSPb/ZOBPb ZOGPb/ZMPb 207Pb/204Pb ZOEPb/ZMPb
1 T-a% 0.8355 2.0806 18.791 15.699 39.097
2 1-af 0.8463 2.1001 18528 15.681 38910
3 1-aM 0.8490 2.1092 18.439 15.655 38.891
4 M 0.8479 2.1103 18470 15.660 38.977
5 l-aff 0.8478 2.1100 18470 15.658 38973
6 HiME T 5 2 E 1-b# 0.8473 2.1079 18.474 15.653 38.941
7 1% 0.8476 2.1088 18.460 15.646 38.929
,,,,,,,,,,, 8 g 0.8480 2.1104 18.465 15.658 38.967
9 1 0.8480 2.1099 18.466 15.659 38.961
10 g7 0.8478 2.1099 18.463 15.653 38.954
11 I 0.8475 2.1083 18.456 15.641 38911
14 B 0.8608 2.1215 18.150 15.624 38,506
15 [ 0.8649 2.1397 18.094 15.649 38716
16 75 R, 75 A5 0.8476 2.1089 18.463 15.650 38.936
17 BRER 0.8514 2.1082 18.389 15.656 38.769
18 BRI 0.8486 2.1129 18.524 15.720 39.140
19 i 0.8475 2.0923 18413 15.606 38527
20 Bi 0.8474 2.0904 18.405 15595 38472
21 . . i 0.8472 2.0896 18.401 15.590 38.451
22 L i 0.8472 2.0897 18.401 15.590 38451
23 wi 0.8474 2.0901 18.401 15.593 38460
24 Bi 0.8475 2.0922 18412 15.604 38521
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bRd (EH - FR : 1982a, 1982b, 1983, 1987), A
ERER IR s h oS o I (PEELOS)
THERROEEFRIEOZ MBI JITA S, Bk -
—“EFROMBEE OB (FhEED~FEHOH) T, &
BT OBEFBEORLEFEZ ZICAB, CiEHEEDH
SADHEE, D ETRAERRISIER S /- Z/MSCE - M
TSR 12 LR ROBMPLET 551 0 Th B,
C D EDBURD RS A D S B R B R R EE O Hi &
D, & LCE#iLic CER « B4 1 1999), MERFHRDOE
MIZIIEE a RAKBFEHINE 2 ENE L, 2hiT
TREFBHIBHELHEL EICE, HDECELTDRK
BRI NS, AHROREZRE T, BEIITHINTT
BDNEND B IHHERER LTS,

X1 3APIFE CEMO RO —> & 172 5 R ED
SEMSEILOEAE (CBH - FR - 1987, 1990) %#KIRL
7ebDTH B, EIHMNEN 7 ZBERORERR%E
K 21md, s h2H 4 5 (No.l~No4)
3, IS o oX3H B H CHEBIC3 A, D, I
& (Nol) oL, HEEMOSMSBFERINTLS
Z &Moo, Nol o&RZ, bRKTiE D, Hig»
SN TOUENZOER EIthD, FhakKT
LD, HRICHBDT, TOXHITHML T35, No3
WHNEE L OB ITE D AR RS NI ALBITH 5 &M
S, XHMIKILEE AN D EEHI DO R R A STV 5
AfEENEZ Sh 5,

hIIc I B 4 5 (¥ Nob, 6, 7, 8; K
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Fig. 1

Lead isotope ratios of the Taishu mine ((A): a-type diagram, (B): b-type diagram)
A: Range of the Western Han mirror (North China), B: Range of Eastern Han and Three Kingdoms importation mirror (Central and
South China), C: Range of Japanese lead mineral, D: Line where relics of Korean Peninsula are located, D, : Range of the product in
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Fig. 2 Lead isotope ratios of the vitreous fragments clinging to crucibles ((A): a- type diagram, (B): b- type diagram)

(11th century to the first half of the 12th century)

A: Range of the Western Han mirror (North China), B: Range of Eastern Han and Three Kingdoms importation mirror (Central and
South China), C: Range of Japanese lead mineral, D: Line where relics of Korean Peninsula are located, D, : Range of the product in
southeastern Korean Peninsula among modern lead minerals
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Fig. 3 Lead isotope ratios of the vitreous fragments clinging to crucibles ((A): a- type diagram, (B): b- type diagram)
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A: Range of the Western Han mirror (North China), B: Range of Eastern Han and Three Kingdoms importation mirror (Central and
South China), C: Range of Japanese lead mineral, D: Line where relics of Korean Peninsula are located, D, : Range of the product in
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FRBRE AN F DI1Z S Bovd {2572, 11 tHeh
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55,

4.3 Bt X #REFTAE

FRID & 5 AFMAES —REEICHO S i
ThHarh, HIAFMOLIBH I ZABREE#ML, &
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DB S, AFERZK 12000CU T8 2Z Y 2 b
T4 AZEA(LT S (Klein et al:1985), # AL (348
TR D ZE IR 53T R BERR ISR, R L DAL EML S &iC
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LS4 MHERLZ YR IANSA MARBEhG L
1000~1200°CREE CTHERL S hic b o LHfEE S h B2 &R 1
(B2 EE 59 RFE), AXDIEINIT, LFA b
7Y Z MRS A DO H AR E 1T B HEE B ER B
DRI 1200COER A, LS5A D e ZYRINTA b
EAMEE LUH 1200°C O SR ICEBRE N T o &
EZZoNdETHRER1E, L4 MEKLIZ U X b
T A bR E N O HERE BE KGR EE 3K 1000°C O &
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#F4  HMRMR L O X AR EHTER S HEE S B BERIREE
Table 4 XRD results and estimated firing temperature of the crucible clay body

No. HRS 5 LA b EA 7 YR bBN54 b BERRIRE

1 1-a$d O X A %7 1200°C

2 I-a8 O X X #71200°C

3 1-a%f O O X #71100°C

4 g X O X #1 1000°CLAF
5 1-a%f O X X #71200°C

6 1-b % @) X O #71200°C UL
7 g X O X #7 1000°CLL T
8 I X O X #7 1000°CLAF
9 e % O x #¥1000°CLIF |
10 g X O X #7 1000°CLLF
11 i} O O X #71100°C
12 1 -a A O X O #11200°CLL E
13 1 -b FE AR O X X #91200°C
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Fig. 6 X-ray diffraction diagram of the crucible clay body
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Table 5 Results of the vitreous fragments clinging to crucibles

AR I Hs HEE & 0 B SRIFAR 2E Hh HHE T BE IR FE

wi I8 ; PEEEH R HiEr R, EWNE 1100°C, 1200°C

11 i ger—12 il i I 5 EREHE MBI 1000°CELF
| I8 ; HEEEH R st L 1200°C, 1200°CYL |

12 #Hd % % MR PSpAEAll] 1000°CLLF
mﬁsz I ; SR ML 1000°CHL T, 1100
11 fitfe-12 itk PR A 1200°C, 1200°CLL L
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Photos of the analyzed samples
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The Hakata archaeological site located in Fukuoka, Japan, was once a large center of trade be-
tween Japan and Song-period China from approximately the 11th to middle 13th century CE.
Workshop sites with manufacturing debris, such as iron, copper, bones, and related objects, have
been uncovered at this site, making it clear that various manufacturing processes once took place
there.

We analyzed the lead isotope ratio of vitreous fragments adhering to crucibles and the clay
body of crucibles by energy-dispersive X-ray fluorescence and X-ray diffraction. We also ana-
lyzed various glass objects and lead-glazed earthenware to look for a relationship to the vitreous
fragments from the crucibles.

The results of the analysis indicated that the vitreous fragments adhering to the crucibles were
made of a potassium-lead silicate glass that was similar to the glass objects found at the site. The
lead isotope ratio indicated that the provenance of the lead changed within the observed period.
From the 11th century to the first half of the 12th century, the raw lead originated from both the
Korean peninsula and the Japanese mine at Tsushima, and it is possible that they were mixed, as
the results indicate the lead had two or more provenances. After the latter half of the 12th cen-
tury, Japanese lead is more abundant, suggesting that glass production was consolidated with the
raw lead originating from the Tsushima mine. However, the lead contained within the glass ob-
jects originated from China and the lead isotope ratio found for the 10-11th century lead-glazed
earthenware indicated a Japanese provenance for the raw lead, which was not from the Tsushima
mine.

The X-ray diffraction results for the crucible clay bodies showed that the firing temperature
was below 1000°C, suggesting that these crucibles were not used for primary glass production.
Although objects related to primary glass production were not detected, the fact that the raw
lead used after the 12th century was mainly domestic in provenance suggests a high possibility
that primary glass production of the potassium-lead silicate glass was performed domestically.
Finally, the fact that the bronze objects, lead glazed earthenware, and potassium-lead silicate
glass were not all necessarily produced from lead of the same source suggests that that either the

origin or the distribution system of the lead raw material changed from the 11th century to the
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12th century. Future research is needed to understand where the primary production of the raw

glass material that was reworked at the Hakata site occurred.






