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ABSTRACT : The purpose of the present study is to trace the provenance of lead raw materials using
the lead isotope ratio of 9 lead glasses excavated from the Sarira hole of Mireuksaji stone pagoda and
to determine correlation between them and other lead glasses excavated from the Wanggungri site. The
results of chemical analysis of the 9 lead glasses show that they are common lead glass
system(PbO-SiO,) with respect to the contents of PbO (70 wt.%) and SiO, (30 wt.%). The lead isotope
ratios of them plot to northern Korean peninsula when applied to the distribution map of lead isotopes
of East Asia. On the other hand, southern Korean peninsula is verified as the main deposits of the lead
ore in the distribution map of lead isotopes of South Korea. With respect to the results, it is notable
that the provenance of the 9 lead glasses can be very different depending on the distribution map. In
addition, a comparative study between them and the lead glasses excavated from the Wanggungri
which was built in the same region and period shows that their lead isotopes are highly correlated.
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Table 1. Information of the lead glass samples analyzed in this study

Sample No. Artifacts Type Excavation Spot Color
1 Lead glass bead Inside of bronze Sarira box Green
2 Lead glass bead Inside of gilt-bronze Sarira outer box Yellow
3 Lead glass bead Inside of gilt-bronze Sarira outer box Bright Green
4 Lead glass plate Bottom of Sarira hole Bright Green
5 Lead glass plate Bottom of Sarira hole Bright Green
6 Lead glass plate Bottom of Sarira hole Bright Green
7 Lead glass bead Bottom of Sarira hole Green
8 Lead glass fragment Bottom of Sarira hole Bright Green
9 Lead glass fragment Bottom of Sarira hole Green

2049} 2] $EHE(U) EF(Th)Q] WA &l
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Table 2. Lead isotope ratio of lead glasses excavated from Mireuksa temple site

Lead Isotope Ratio

Sample No.
206/204 207/204 208/204 207/206 208/206
1 18.771 15.806 39.530 0.8421 2.1039
2 18.230 15.720 38.463 0.8624 2.1079
3 19.243 15.849 38911 0.8236 2.0203
4 17.368 15.584 38.820 0.8973 22331
5 17.416 15.650 39.041 0.8986 2.2395
6 17.437 15.678 39.136 0.8991 2.2423
7 25.572 16.691 41.119 0.6527 1.6064
8 17.439 15.609 38.901 0.8950 2.2286
9 17.445 15.619 38.951 0.8953 2.2308
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Fig. 1. The lead isotope ratio**Pb”™Pb vs 2’Pb/**Pb)
distribution diagram of lead glasses by map of Mabuchi.
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Fig. 2. The lead isotope ratio*’Pb/**Pb vs “®Pb/%Pb)
distribution diagram of lead glasses by map of Mabuchi.
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Fig. 3. The lead isotope ratio***Pb”™Pb vs *’Pb/**Pb)
distribution diagram of glasses by map of KOPLID.
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Fig. 4. The lead isotope ratio*”’Pb”™Pb vs “*Pb/*Pb)
distribution diagram of glasses by map of KOPLID.

P4E Btk Hlolek.

7

FrEel A%, AR EPE
Foprlo} 5 2AeoIA A

& Roleke 14 58 Bk

AsE 2
e Ao

U3 HES|oF gt

502 v EARR| 9} A 22 AZ|(WA] F,
600~641 )0l 2R Ho=Z 4z JFe 14
oA ZEH dREde vnE T dAdE B
el £ A3}, Mabuchi®] ¥4+ Fig. 1-29)
Ao} Zo] tiF-E HEARA] diEet FUS A
¢ FER Ade ExHE A ¢ T o,
HEARA] & vl R E7} Fof & Y87t ¢
oA FFHEAS 7hsAol ok &8 dhiks
FAA WA Fike] FEdan] BEITE o
|3t A% A3 25 7753 (Zone 40 =
A=, EEY] PEAA] diElet Ao sYg
Al Fx3ty AAHOE W|EAA] FE dHr
o} G 2E HRde T2 s 550 A
7153 (Zone H)NA YEE FEIS 7ol A
on, FoHAHe UAEE Kl Y59 4t
A7F FY AYolAY A AXG F4tol
S Aoz FAA uvl 7€ AF(Kang et al.,
2003; 2004)°ll4 FaElet vEARAE diE Al
Zo Q3 959 YA 9 AT Jes
A Z4EAS AeE B glou) o) B
Ae Aselvd AT dsdi 2ER o
T AE(1-3H)7F AR T8 A9 EAEHAL, 7
H AR 79, YollA AFdRo] T}

— 191 —



ok

b AEe} Aol AR Hol Uue] AL}
AHEAAPE) Wek ohleh BEIRE S71A 7]
sol GF 29 Geloh TR 5 0EA Bl
Btk Zo] EPHoT 2B Holok T Zolth

Ak wSARR] M| sjA ZAMA AE U9l
A Z2EE E5E FEY FeddanE £45)
o F 9459 AE FAH5t, A GE FE
dieleke] daAds sk 2y ogy 22 A8
< A

A5 diels Pbo2] o] 9F 70 wt.%, Sioy7}
oF 30 wt.%°]H, T Fsshd o] HEHA| %o}
AP PbO-SiOAl Hfrel(lead glass)d= &
Atk EELldan B4 53 g Y89 4k
A5 FAT A3 Mabuchi®] EXToAE H)E
AR FrEle] giRRo] SRR A dd TAE
RA, F FHEE) i EXEHC
Sl FEoYan BXTE o]gste] FA3
A3, 7153 (Zone 4)° IEE EA = EAS
Bk

H|SARA| 9} TR, FAOC 24" Ao
A7 Y] FHAA EER dreleke] vaEs
53 ddAgde B3 23, Mabuchid] X%
A F3E 78 2B GRart vEARA EHele
Oiio] EXdtes dEF AHo| TAHIUL,
e FEA4H BITAE 3753 (Zone
4)9] AN FAik N Hol| TAHYY. 3] YgE
2 2B dfele BXodo] nSAA] 28 ¢
frElol vls) wlg- LIRS BAIEE AR Hol
g dE7 5YAY e F2 AYd g 34t
NA FFEHAS A HHEH, o= HSAA|
ZE s Y == A oA =7
39S 7FsAde] Stk sAIRE Y fElAEE
olgt FEFFS HolBR o] tg ANFH

>,\!.|
[o§
¢

o
H

AnA oz FEIIALHE o83 FAzY 2
ARFAN DB AT WelA] WAE e

o
ol G FEL Fo d 98 ARAE =5
T AA AYS 7187 (Zone 4)°l X3+
A Fror FAEY, S S E dhelet
o] Aol wf & Zo=E Bt

-
g - aX

A

o] ATE THEYATA 201095 ISR
AT(R&D)AS] A es o} o] Fojzlom, 201485
ok WSARA] A AR W 51 ARke] da
(A fr=e] A8t £4)) dFE ReE A7
WE& 571 A% sidste A4d =2ds vt

REFERENCES

Brill, R.H. (1999) Chemical analyses of early glasses.
The corning museum of glass, New York, 303-322.

Brill, R.H. (1979) Lead isotope in some japanese and
chinese glasses. Galley of Art, Washington D.C., 11,
87-110.

Brill, R.H., Yamasaki, K., Barnes, I.L., Rosman, K.J.R.,
and Diaz, M. (1979) Lead isotopes in some japa-
nese and chinese glasses. Ars Orientalis, 11, 87-109.

Brill, R.H. and Wampler, J.M. (1967) Isotope studies
in ancient lead. American Journal of Archaeology,
1, 77p.

Choi, J., Lee, YJ., Chong, T.C., Hong, H.S., Yun,
Y.H.,, Kim, S.C., Song, C.H., and Pyun, C.H. (1996)
Investigation on a potash-glass bead unearthed from
Pyoungra-ri of around 5th century B.C.. Journal of
Korea Traditional Science and Technology. 3(1), 15-32
(in Korean with English abstract).

Jeong, Y.J., Cheong, C.S., Shin, D.B., Lee, K.S., Jo,
H.J., Gautam, M.K., and Lee, L.S. (2012) Regional
variations in the lead isotopic composition of galena
from southern Korea with implications for the dis-
crimination of lead provenance. Journal of Asian
Earth Sciences, 61, 116-127.

Hwang, J.J., Kim, SJ., Han, W.R., and Han, M.S.
(2014) Provenance study on lead isotope of bronze
relics excavated from Cheonghaejin. Journal of
Mineralogical Society of Korea, 27(4), 263-270 (in
Korean with English abstract).

Han, M.S. (2014) Scientific Analysis of Glass Beads
Relics. Sarira Reliquary of Stone Pagoda of Mireuksa
Temple Site in Iksan, National Research Institute of
Cultural Heritage & Jeollabuk-do, 238-247 (in
Korean).

Kang, H.T., Kim, S.B., Huh, W.Y., and Kim, G.H.
(2003) Application of science for interpreting ar-
chaeological materials(I): Production and flow of
lead glass from Mireuksa temple. Korean Journal of
Cultural Heritage Study, 36, 241-266 (in Korean
with English abstract).

— 192 —



FEAUAHE 0§ 1) B B AAFA

Kang, H.T., Chung, G.R., Huh, W.Y., Kim, S.B., and
Cho, N.C. (2004) Chemical composition and lead
isotope ratios of the lead glass from Wanggung-ni,
Iksan, Chollabuk-do. Journal of Korean Ancient Historical
Society, 45, 31-41 (in Korean with English abstract).

Kang, H.T., Chung, Y.D., Cho, J.Y., and Kim, H.S.
(2005) Analysis of glaze on brick, green-glazed
earthenware in Unified Silla Period. Journal of
Prehistoric and Ancient, 22, 211-222 (in Korean
with English abstract).

Kim, G.H. (2000) Scientific analysis and interpretation
for ancient glass bead in Korea. Journal of Leeum,
S, 73p (in Korean with English abstract).

Kim, G.H. (2001) A study of archacological chemistry
on ancient glasses found in Korea, P.D. Thesis,
University of Chungang, Seoul, 1-42 (in Korean
with English abstract).

Koizuka, R.T. (1994) Studies of ancient silicate glass
by chemical methods. Proceeding of the Korea and
Japan Joint Research, 136-137 (in Japanese and
Korean).

Koezuka, T. and Yamadsaki, K. (1995) Chemical com-
positions of ancient glasses found in Japan: A his-
torical survey, Proceedings of XVII International
Congress on Glass. Chinese Ceramic Society, 469-474.

Lee 1.S. (1989) Analytical study of ancient glass in
Korea (I). Korean Antiquity, 34, 79-93 (in Korean

with English abstract).

Lee, LS. (1990) Archaeological study of ancient glass
in Korea, Ph.D. Thesis, University of Hanyang, Seoul,
1p (in Korean with English abstract).

Mabuchi, H. and Hirao, Y. (1983) The study of Han-type
mirror by lead isotope ratio method(2), Museum,
382, 16-26 (in Japanese).

Mabuchi, H. (1985) The lead isotope systematics in
Asia and near East, Grant Report to the Ministry of
Education. Science and Culture, Japan, 19 (in Japanese).

Mabuchi, H. and Hirao, Y. (1987) Lead isotope ratios
of lead ores in East Asia: In relation to bronze
artifacts. Journal of the Archaeological Society of
Nippon, 73(2), 199-245 (in Japanese).

NRICH (2012) Lead isotope analysis and field survey
of galena deposits in south Korea. National Research
Institute of Cultural Heritage, 68-100 (in Korean
with English abstract).

Park, S.O. (2005) East Asia spread of western culture:
Focused on the ancient glass to move the forces to
gradually East Asia. China and Sinology, 3, 2-3 (in
Korean).

Received June 12, 2015, Revised June 22, 2015,
Accepted June 26, 2015, Responsibility Editor: Yun
Deuk Jang

— 193 —





