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Table 1 Description of samples used for this report
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F#oHy WHEAE
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2) HWRIE HRFLOEMS  HEwE 134

FQ2 %33 (BIEm A7)

FQ3 %168 (% 11 55 R A4 R B AT

FQ4 47199RL CHEZ 8

FQ5 47188L3 (7 J22 B A (00 i)

FQ6 $197RL 2 8

FQ7 #&31 (&IEm )

AT Ryt IO AL

3) FQ 8  #lili MEREAEER 470 1744
4) FQ 9 sl FEWES AEo g 17142
5) FQI0 BRI (R mbUReE s 16184
6) FQI1  ZHEWL C4FRF 47 154
7) FQ12 KRR doEvlEaih -t kA0 6 A

8) FQ13  KBRHF FEgdiodiit JFakn A0 5 ikt 4

9) FQU4 hE i~ SERCOSE 23t
HCC A e = P

10) FQI5 HAJ (H— 1) Az HEnHl 13t
HUb o BT e = IO

11) FQ16  San Cristbal Pigk
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TIL1 SRS FQ-3 MUK EfRER (168) HIL2 gl FQ-T D HUKGE AR (31

Photo1 Sample Number FFQ-3 : An iron cramp of Photo 2 Sample Number FQ-7 : An iron cramp of
No.168 used for the two Deva Kings of No.31 used for the two Deva Kings of south
south gate, Todaiji temple. gate, Todaiji temple.

z . . GI4 il FQ6 L HERSFm AN ERET (197-RL)
FIL3 RS FQS5 L AKSRMAMMTERET (188-13) Photo 4 Sample Number FQ-6 : An iron nail of No.
Photo 3 Sample Number FQ-5 : An iron nail of 197-RL used for the two Deva Kings of south
No.188-L3 used for the two Deva Kings of gate, Todaiji temple.
south gate, Todaiji temple.

BIS5 S FQ-14 | EFEELEE R~ = IR
Photo 5 Sample Number FQ-14 : A chisel of ancient
China which was estimated to be produced dur-

HX6 s FQ-15 0 AAJ) (H-1) SEmEfl
Photo 6 Sample Number FQ-15 : Japanese sword (H-
1) which was estimated to be produced dur-

ing East Han or Three Kingdom period.
R et X & P ing Kamalkura period.
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# 2 WE S NS o sk
Table 2 Observed in iron artifacts lead isotope ratios

53. #ﬁ‘ ﬁ*;l% Znﬁpb zmpb zuBPb 207Pb 2(1st
ﬁ&; F‘? Eﬂ-lph ZDAPb ZUGPb 2D§Pb EDSPb
FQ 1 #HCer (@)

1-1 18.08 15.59 37.99 0.8624 2.101

1-2 18.00 15.54 37.88 0.8632 2.104

1-3 18.07 15.59 38.00 0.8629 2.103

i) 18.05 15.57 37.96 0.8628 2.103
FQ 2 HIkF #833

2-1 18.17 15.53 38.23 0.8551 2.104

2-2 17.98 15.37 37.85 0.8546 2.105

ity 18.08 15.45 38.04 0.8549 2.105
FQ 3 MUK #8168

3-1 17.97 15.51 37.92 0.8636 9.3

3-2 18.01 15.54 38.01 0.8631 2.111

Fiy 17.99 15.53 37.97 0.8544 2.111
FQ 4 HiksF $7199RL

4-1 18.48 15.93 39.24 0.8622 2.123

4-2 18.56 15.89 39.01 0.8561 2.101

4-3 18.49 15.99 38.68 0.8648 2.092

R&5) 18.52 15.94 38.98 0.8610 2.105
FQ 5 MUK #$7188—L3

5-1 17.47 15.07 36.91 0.8624 .00

5-2 18.10 15.61 38.28 0.8626 2.115

i) 17.79 15.34 37.60 0.8625 2.114
FQ 6 #HKk%F $1197—RL

6 18.36 15.88 38.78 0.8649 35w
FQ 7 #kF §#31

7-1 18.30 15.63 38.58 0.8541 2.108

7-2 18.18 15.59 38.33 0.8577 2.109

i) 18.24 15.61 38.41 0.8559 2.109
FQ 8 f@lili 47

8 18.69 15.73 39.02 0.8417 2.088
FQ 9 H#HhE &7

9-1 17.95 15.29 37.52 0.8519 2.090

9-2 18.94 16.07 39.51 0.8486 2.087

it 18.45 15.68 38.52 0.8503 2.089
FQI0 BEHIE 8T8

10 17.99 15.55 37.91 0.8641 2.107

e +0.03 +0.03 +0.10 +0.0010 +0.002




Table 2 Observed in iron artifacts lead isotope ratios

#2 (M)

W5E & AT O a1k LE

I T e 305 207Ph 08Pl 207Ph 208 Py
%-. _l;‘_;_ anpb 2041)b 2041)b ZUEI)b ZDﬂPb
FQ11 H4MEF 41
11 18.2 157 38.4 0.862 2.110
(£0.1) (£0.1) (£0.3) (£0.003) (£0.006) *1)
FQ12 HARLEHE 8k A
1841 17.93 15.54 37.95 0.8668 2.116
12-2 17.66 15.28 37.8) 0.8655 2.113
T 17.80 15.41 37.63 0.8662 2.115
FQI3 FMRdiowm#E T A
1371 17.81 15,35 37.45 0.8621 2.103
13-2 18.00 15.56 37.85 0.8644 2.102
T B 17.91 15.46 37.65 0.8633 2.103
FQl4 w[E g
14 15.03 14.78 35.00 0.9834 2.328
FQ15 HAART] SEEE
15=1 18.00 15.56 38.06 0.8638 2.115
15=2 18.02 15.52 38.94 0.8615 2.106
F 1 18.01 15.54 38.50 0.8627 2.111
FQ16 &gk (~50ppbPb) R isr4 L 72804k21ng
16 9.6 10.5 29.7 1.090 3.089
(+0.1) (£0.1) (£0.3) (+0.003) (0.006)*1)
moE +0.03 +0.03 A0 +0.0010 +0.002
[ (*1)s +0.1 +0.1 +0.3 +0.003 +0.006 ]
#3  ERERloSSFEfIEILD F LB
Table 3 Summarized values of lead isotope ratios in iron artifacts
ﬁ*ﬁ- ﬁ*‘l% zcs[)b EUTPh 2uBPb 207Ph 208
ﬁ% ZUde 204Pb 201Pb ZDGPb ZDSPb
FQ1 HIEE (G 18.05 15.57 37.96 0.8628 2.103
FQ 2 HORSFE 833 18.08 15.45 38.04 0.8549 2.105
FQ 3 HOKSF 82168 17.99 15.53 G897 0.8544 2.111
FQ 4 HUKSF T 199RL 18.52 15.94 38.98 0.8610 2.105
FQ 5 HOKSE $7188-L3 17.79 15.34 37.60 0.8625 2.114
FQ 6 HKE §1197-RL 18.36 15.88 38.78 0.8649 2:112
FQ 7 Kk s 31 18.24 15.61 38.41 0.8559 2.109
FQ 8 bl gl 18.69 15.73 39.02 0.8417 2.088
FQ 9 wART §T 18.45 15.68 38.52 0.8503 2.089
FQ10 BESHIL BT 17.99 15.55 37.91 0.8641 2.107
FQIl1 LR 4T 18.2 15.7 38.4 0.862 2.110(*)
FQ12 R EY Bk A 17.80 15.41 37.63 0.8662 25115
FQ13 fligd T A 17.91 15.46 37.65 0.8633 2.103
FQ14 ho[E #kE 15.03 14.78 35.00 0.9834 2.328
FQ15 AA<T)  SREmE 18.01 15.54 38.50 0.8627 il B |
FQ16 PE g% 9.6 10.5 29.7 1.090 3.089(*)
2= +0.03 +0.03 +0.1 +0.001 +0.002
[() g +0.1 +0.1 +0.3 +0.003 +0.006 ]
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fili& 75 (M. Tatsumoto et al. : 1973), Ell%, 206Ph/204Ph e T9.307TH 5. Z ITIREROE,
18~19& W 3 DR MbHIUTI. 307 E W HEIFT L0~ 12 W) E~BEE ZIT 5133 TH 5.4l
DWETIZI.6L % -7z, ZHUSFESED S AS0ppb FREETH 0D, FIH L2 WRIERIZ0.5g, 8551
SEER ORI 2Ing THh b, W2, EEDIT LA EE N LR I32ng BIETH 5, 2 LD, Hik
$AREI3H00.5ng LHET TE B, SO THICB W T ZDHRR IRk R TR 2D, &N b2
FUIBEETE L LB L 72,

4 TSR LY

Table 4 Isotope ratios of primeval lead

Yokl 20y 7Py wsph 207ph 208phy
24P =uph 24P 205p}y 205ppy

Canyon Diablo FR#% 9.307 10.294 29.476 1.1060 3.1671

bod 4 LA

SE e +0.003  +0.003 +0.009

*Tatsumoto et al. (1973)

BEHIRM E LT 2RI ERMEL TWENT, ZDF L& EX 1 & 2 TR, BUTIFHESM
TEAEARENTE D, EEROWEFDZ ) —H LTS LRSIz, TOZ LidGRaoiHE, ol
EDREES 2% ) PRIk 2O EHETE 5, 22180, SROWUETHMBREZERT DI
WSPhAE A B 7 EDEE LT iod, IEESRRERNETE 2o 12,

WERETRENG L9, WEMDLEYZIERITE, -7, ZHUTERSHICE W TEEE %
TG/ NLRro I EFBRDFEREBbNS, £LT, E—7EEFEILL, /-7 2
T OB A ), EAEL 2 EHEICETE W2 L7z, 5Boair T, EiRaic
BT BERRE R WL P EE L MERTH S,



B, BRSO R JFHIIRD &5 1akdrz, Bl G, 3R & RFRE o NBS HEHESS (1930 ~50
ng) DFEMELZREL T, FOMEMEEERICHZ 6N T AMEAMER T 22 LIk NER
sRlEHEE RSz, ZOMIFIEIFA.001540.0005) 1 EBRRMTH 72, OEEEREOUEM
IR HZEITLD, BAELL 2, EREE S IINE T 2 B Ic8EsR o 2 (%2 L2, shlEHE
M OERESHTRFCHE Lz, SHESUES Y OREELLT 20 2Mb DI K ZWETH - 72,
6.2 JEHIEEDAHEME

Fl—&EBT 2 BLLEssmA 2 s LB YW TR 1L & 2 TR LTz, S0, $5204% k4
& L 72 RUIREMEITERIEL DT, AW I327Ph,/20Ph & 28Ph,/206Ph bt # FIl ] L 7275V THE
T35, @RESETORFEEMETH S, FQ 2, 3, 5 IBERMMATEN T DI —E L1z, %
IHCEEE 2 RS AULRCE & L OEBEE IS T E 2, 20U T, FQ 412 3 Fhvk &
CHEs 2wz, THIEF—EEZ 3BT L THMT L7l D TEDMEATIE L v & ST TE 2w,
ST LD EIREE OB EICEAF T SRS B D

R 2 TEZEOMOREHZH L TRITHERBBEDE L 2Er RNz, bLLZOBENTLD
ETMELFK S 2 S I FWEMDSEE IS,

B3 T, TRTOEROFMHER LI, HOLEIEEEHETSH ), @DKkS SIZITFRERMER
T. A, B, C, D (SBMAR, FREN :1982a, 1982b, 1985, 1987, 1990 ; FIREX, BAK :
1990) TR S A7z I3 4 F TIZHR S A2 ERR « RO SRS I Bl & LTHEE AT 580
DR LN TH B, A WAL, B 2#EH, CHOHAR, DI ERENITH L, AARIZIE
MR A e b o Fo T, B ELA TR L7z,

Mro6TbE, ARSI SENTIET 288 H -2, SOMIZ FQUTHERE LHERIZYP-T
WHBSE LT A Tnd) HEHWIE TRAL) OFRT, XHEATH» LHMT2 L8ERTH
b, TOMOBAREELELNBIZEALDTR T2 % ) EM S NEBICHAR Lz, ZRp 6l
ToE, KEFPOBREAPHAELHESNIONT, SHLDELOEHOAL W fEl Ak L Ty
LRI . BREEATE LG O AN TR HEEIL72ANE 2R LD 3P EFETH b 726 L BT
2L, ARTEETSH D EHEFEITHD - 2ERIOWUE D & P ESRAH L2 E B THL ),

CORPHHMT S L, BAEDEKICE FN AT 26 & B ARED FEERILA DT 5
GEI & (b2 e 5T b, HAREDERRZHEYT 57201213 3 TIEEMEDE AN E VWD TH 4
TR L7z, ZOMT, HleDBER»LT 2L, ENFCER, LG N8ETE LIS 412
DA 1: I b 1 O A

FAR L AR D BRI IS D TR SN T2 L2 R A2, TR HAREAIIZEITS
BOEFRHDOENL YD L) ICHE DT 2024 EOMETHA Y, Ik LEREERHST
ZET, EWNIZB T LEOEREIOENATRZ S D HL

ZZT, WGESNIEHDRMIRLEE HET S BICER L 2 I3 Y D LD B THD ¥ 20y



208pp /206pp

Fig.

28p b /206 P b

Fig.

2.13 F
2.12 k ‘;;
! Fas
14
2.1 [ -
FO2 5 FQ3
Y R
NS Fot
2.10 } ¢ f 1
FQ4
2.09 | *
> mpm
2.08 |

0.84 0.85 0.86 0.87 0.88
207pp /206 P p

saFlprfAtban i 5o &(1)
RRFOEECM LT FQ4 LAl 2 L F ol iERAN T3 LTV 5
1 Scattering range of lead isotope ratio (1) :
Several values of samples from Todaiji temple were agreed approximately in their
error range even the values were scattered except for the sample number FQ4.
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Bo

2 Scattering range of lead isotope ratio (2)
Several values of samples of other than Todaiji temple samples showed also good
agreemant within the error range.
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Fie. 3 Distribution of lead isotope ratios of samples analyzed
The sample FQ14 which was estimated to be Chinese source was situated
clearly different position in the figure with the other samples which were
thought to be produced in Japan.
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Fig. 4 Distribution of lead isotope ratios of Japanese source samples

Among the Japanese source samples, several samples, for instance FQ8 (Fu-
kuyama City) and FQ9 (Kyoto City), showed slightly different values with
the others.



EEEINT ST L > TEEEDYZ b T T A v, FIZ TR~ DEID IR A (ZEMFL 0 BUSIR 7

s BBOERFIC D& FN DR D B0, FRBUNLEHENSBERTICEINTWLELFERZ L
n, CHOBEPLCEINT 2D LETHL, 48, FLERILOWELEA, WEMD E & DDk
ZIZLT~EMETH L.

K% 61F, SITHEADEEHZBE LT, REREHOMEE, WEHEROMEZ EHETELDNTH
BYH, ENETDHITIFELTWHEAS L%, +RUHFEFTELVWOFRKTSH S, T iz
DEFHZH L TOFERIHSHET 5,

SRR LEDEDRTIE S L 5 — D LA LR 2 Ha & ld v 2 %, S A8 (E s
RlezWE L, EMHEENO R 2R L2 2 L 3A%EH P GRS MO, b nFHEARL
RS D VEBPEENLZRE2HZ 5 LTEREL TP 2525 LTEET 5.
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Possibility of provenance study of iron artifacts using

lead isotope technique
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The provenance study of iron artifacts were perfomed using the lead isotope techniques.
For the case of copper objects, many reports for the provenance studies were published and
gave new information for the archaeological and historical considerations. However, iron
objects contains about 1/10,000 of lead in compare with the copper objects, it was thought to
be extremely difficult to measure the lead isotope ratios of iron artifacts for the provenance
study. Even the lead concentration is so low as shown above, the lead isotope ratio measure-
ment in iron artifacts were tried in this report. Lead in iron artifacts was extracted with
usual wet chemical method with special care for contamination. In the analytical technique,
after dissolving the iron artifacts, most of the iron was separated with solvent extraction
method using MIBK and lead was purified by anion exchange method using hydrobromic acid
media successively.

Lead in iron artifacts could be purified and be measured the isotope ratios with the con-
tamination level of 0.5ngPb with this method.

The method was applied for 15 iron artifacts and the results of lead isotope ratio mea-
surements suggested that the samples which was thought to be Chinese origin and Japanese
origin were clearly separated each other by lead isotope ratios. More samples should be wor-

ked out for further precise provenance study of iron artifacts.



