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Abstract

temple
gested

bell bronze, which is the same result as classification based on elemental composition. Most of the
tableware are forging wares with composition of 8:2:0 in Cu:Sn:Pb, and vessels for memorial service
are casting wares whose composition is 7:1:2 in Cu:Sn:Pb, and bell bronze's composition is
Cu:Sn:Pb = 85:10:5/9:1:0. The result clearly shows that composition is closely related with usage and
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that they can be classified as tableware(wrought), vessels for memorial(csetigg and

manufacturing method of waresrate elemets such as Co, Fe and As are the elements with high

correldion coefficient with Cu, which means they exist as impurities in Cu, and the content of As
showed an increase in the order of tableware, memorial service vessels and bell bronze.

the analysis of lead isotope ratio showed that 3 bronze materials with high lead costermade

from the lead coming from Japan and China. The composition of the solder was Cu:Sn:Pb =83:12:5

where small Pb crystals were distributed evenly.
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This study is a scientific analysis of 12 bronze materials which were excavated from Sanoisa
in Chongju. Analysis of crystalline shape, size and distribution of the each sample metal sug-

In addition,
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Fig. 1. PCA result of 12 bronzes from Sanoisa Temple. T
number is same as that of Table 14 tableware, Il vesse
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ZglanprsR o7 7hzh 3%(Cu, Sn, Pb}l ES SR for memorial service and A bell bronze.

Table 1. Elemental Compositions for Bronzes of Sanoisa Temple (unit : %)

No Ser. No Item Cu Sn Pb Zn Ag Ni Co Sb Fe AS-E%?I

1 Sajiks Bronze Buddhist Ritual Bejid]=7%4) 75.8 17.8 4.35 N 0.20 0.033 0.014 0.019 0.053 0.076 98.3
2 Sajik 13  Bronze Incense Burngrgkt) 720 6.38 21.2 N 0.22 0.035 0.020 0.050 0.061 0.20 100.2
3 Sajik 19 Bronze Buddhist Gorgl=3) 832 110 324 N 0.31 0.054 0.010 0.068 0.12 1.20 99.2

4 Sajik 20-2 Bronze Pitché&@I=A}) 712 8.14 185 0.010 0.18 0.044 0.005 0.049 0.027 0.35 985
5 Sajik 21-1 Bronze BowEA|tH4d) 775 221 0.054 0.005 0.17 0.047 0.019 0.019 0.042 0.024 100.0
6 Sajik 21-2 Bronze BowEA|tH4d) 76.9 225 0.032 0.004 0.15 0.047 0.034 0.008 0.049 0.034 99.8
7  Sajik 21-3 Bronze BowEA|tH4d) 774 235 0.17 0.037 0.15 0.059 0.005 N 0.15 0.063 101.5
8 Sajik 22 Bronze Large J&H %) 776 593 135 0.005 0.24 0076 T 0.081 0.015 0.31 97.8
9 Sajik 28 Bronze Wind Bef§A|#) 90.0 8.67 0.33 0.010 0.17 0.082 0.041 N 0.25 0.72 100.3
10 Sajik 34 Bronze Spods@EIA) 776 206 0.15 N 0.0940.066 T 0.13 0.10 0.047 98.8

11 Sajik 36-1 Bronze DisBAIA3AHAl) 726 897 17.0 0.036 0.21 0.088 0.020 0.072 0.038 0.40 99.7
12  Sajik 36-2 Bronze DisBAlA3AHAl) 715 882 185 0.027 0.12 0.070 0.005 0.032 0.13 0.25 99.5

*Serial No. is the peculiar number of National Museum of Korea. N not detected, T trace.
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Table 2. Correlation Matrix of 10 Elements

A 27 (2000)

Cu
Cu 1.00 Sn
Sn 0.09 1.00 Pb
Pb -0.69 -0.78 1.00 Zn
Zn -0.25 -0.006 0.21 1.00
Ag 0.18 -0.47 0.20 -0.25

Ni 0.30 -0.31 0.04 0.53 -0.11
0.02 0.03
0.10 0.25
Fe 0.70 0.01 -0.39 0.20 -0.21

Co 0.45 0.04 -0.27 -0.10
Sb -0.20 -0.26 0.25 -0.23

Ag
1.00 Ni

As 0.53 -0.53 0.03 -0.09 0.69 0.29

Sb
1.00 Fe

-0.34 1.00 As
0.12 0.40 1.00
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Fig. 3. Result of statistical linear discriminant analysis(SLDA) for galena and distribution of 3 samples.
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Table 3. Lead isotope ratios and discriminant scores for bronzes of Sanoisa Temple

Lead isotpe ratio Score
No* Item
206/204 207/204 208/204 207/206 208/206 DS DS,

1 Bronze Buddhist Ritual Bell 18.483 15.894 39.636 0.8599 2.1444 0.83 0.66

2 Bronze Incense Burner 18.575 15.621 38.614 0.8410 2.0788 -0.74 0.03

4  Bronze Pitcher 18.721 15.776 39.196 0.8427 2.0937 -0.36 0.45
*The number is same as of Table 1.
2 Fig. 3 deiAch. o] wustsd MANREE AR WS dFaNed o wwe) Aey BAg
el dEdddan dolHE udslg @& wads  FAsh QAFSEREAY, ICPEANY, 25 2
(DS,;, DS,)Z Fig. 3 #Hme] vehd = e, o] AAANZEEE AF sl FoE, nadee &
wle] 9127k o) Axolnk. DS = AR ol E W #E ARSAN F5EAS BRIAT. BT Dol
hdam] dolHE tiYdste] Akel SEdS524 Fig st AN o3 HEdanZRE del AR E
N4 XFe] ge=, DS = YH9 goz st i F4 s

gol e

DS, ;= -0.571%,,+ 1.916X;,— 0.091%, + 8.292X,,
+14.24),- 53.13

DS, ;= 1.025X,,+ 3.231X;,~ 0.487X. + 7.280,
+3.140X,,- 63.33

(ﬂ7]}\1 XA,j’ xB,j’ xC,j’ xD,j’ xE,j% ZJI-ZJI- /\]EQ/] 206Pb/
204ppy, TP, PPL7Ph, ZTPbPh, 2PhPh 7S
el T

AR AL 9] AR HE7]ol Uigh dEeldan| et &
HAFE Table 31 4 Yepglar, o] WEE59
AAE Fig. 3 FAISAY. 1 23 SASEES W
AF X FHAM ZA "o dd=d 1 olfe=
QY F7e HAE7E FHE WA =5 HEE F
AT E S A2 7] Wi Few FHHY, = o
g AHe] wdge] Fo] EFFHS vepd A3 A
vk = ok, FAEEE AR Ho] Hem, AT

gy,

HE AR oA 2EH APARR (ElESREE)S] 5]
FHAY ] FEFAEoRA 1 F5H 7ol
S5t 2ot meld ol HEVE AHEl) s Ab
o= AR i), F4524, e 52

Sto] FAale] A, 48] 4 T vhelaal

tot rir
ot

ML oo
¥R 1%

3l

= AT7E Sste AHARIEE 7] 1283 E

1. 29| HigH|

ARAARR] HF71¢] dEEA AREE 4% (Cu, Sn,
Pbpel] v]&o we} ZA I +o2 R
o 7 W§S v gk

I (EANAE 3 SAFA 1) 23d A7)
B A7l ARZAHLE Cu'Sn:Phl 8:2.0|t). 2+
(EATFE, FATA, AL, sALY[A) EE
7= BE AVIFEeY AEZERAS Cu'SniPhl 7:

. 3ECEAIFAL, FAE ) BT B REA

AREzAe k7 85:10:%}F 9:1:001 At}

AE7)e) E3hE vFAHELE FAF 4 EEE
ojt}, o] BES FYUE(Cu, Sn, PB F4 = =

= wgulel w2 gkl Apolrt A& 4 Ak o]
23 AHE AREYA A4 43 (correlation matrixE
HE dod Aok Cwl AIAFTr 52 EEES
Co, Fe, A$1S & & IUTh 223 As®] T3 2
715, A7, B 22 IR e ¢ F
=

2. 8% OlMz
AA 7] R Be) BHzA] dehd gl
Fel, =), BE R YR G wAle] HES A3
415, A7
AR B 257 sk LA ek webd 2
29 WgE AE
7} ks Ag @ .
ANR@ZE: BANE 28, TAFA, A0
= Pt A9 T/FHA ¥ Cu-Sr=oltt. MEYA
A A2 2ol 4
dEAYE AkE AE 9
dlshed A4 §% wde] BAL 4 ASe

T
o
o
~
Ju f
bl o

4 o

N
)
i
al
i)
N
»
tlo
N
N,
K
%2
2

i A

o~
T



(o]
N
1z
e
i
s
T
H,
<
2
N
o)
~
o
o
A=)

ATt olEF HES vHT v F2A F2THA] A A7V FEERE AT, sATA, $A S, 544
W(a+3)k Fol 586C oolM 7Helal(a +B), & HADE PRl o] smitt @l Ao itk mjE
5] YA A dAE (o + martensiteB)E & oz W greE #2229 a +5 A2 o) B 7 F(EA
At w749, AT, FAE)d PE AU olfe Wi

Photo 1-1. Bronze buddhist ritual bell(H: 27.0 cm, D: 5.6 cm).
(%100).

Photo 2-1. Bronze incense burner(H: 21 cm, D: 24 cm). Photo 2-2. Microstructure of bronze incense burner{100).

=

Photo 3-1. Bronze buddhist gong(H: 13.5 cm, D: 32.0 cm). Photo 3-2. Microstructure of bronze buddhist gongg100).
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Photo 4-1. Bronze pitcher(H: 32.5 cm).

Photo 5-1. Bronze bowls I(H: 5.0 cm, D: 12.0 cm).

Photo 6-2. Microstructure of bronze bowl I1(x100).

Photo 6-1. Bronze bowls II(H: 7.0 cm, D: 15.0 cm).
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Photo 7-1. Bronze large jar(H: 52 cm).
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Photo 8-1. Bronze wind bells(H: 11.5 cm, D: 7.5 cm). Photo 8-2. Microstructure of bronze wind bells&100).
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Photo 9-1. Bronze spoons(L: 18.5 cm). Photo 9-2. Microstructure of bronze spoonsf200).
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Photo 10-1. Bronze dishes(H: 2.3 cm, D: 11.0 cm).

3, e o R S TS R
Photo 11-2. Microstructure of bronze bowls%200).

 BATARE B 9 e AT A

gy
1. SGHFETR, AFTA AES s 2EA 19
T WEFRA BIA 2-5; (1993)

2. FEATEER, (ZHFdd, (1999)

3. @k b, T mETFERe] WSk /E,, 4y
] 24, 4 (1986)

4. HF, A, TP L5 st £B8n F8,
=R 32, pp. 37-42 (1983)

5. Scott, D. A.,TMetallography and Microstructure of
Ancient and Historic Metals, J. Paul Getty Museum
(1991)

L, EG, TEAANIAEREA Y o yaEtd {4
o] EAZAF(1)1 , ek seks|x] 31, 6, pp. 555-566
(1987)

7. 748 o, TanAEe) AeHEA(), , dFFIAL
8R 26, pp. 33-48 (1997)

8. Brill, R. H. and J. M. Wampler, American Journal of
Archaeology, 71 (1967)

9. Brill R. H et al, Recent Advance in Science and
Technology of Materials, 3 (1974)

o



68

10.

11.
12.

13.

14.

e RS A 237 (2000)
Mabuchi H. et al, Archaeology and Natural Science, als and Alloys, The MIT Press, London, pp. 298-306
15, 23 (1982) (1988)
Mabuchi H.et al, Archaeometry, 27, 131 (1985) 15. Arunachalam, J and Ganggadharan, Journal of Indian
Coomans, D and Massart, D. L, Anal. Chimica. Acta, Academic Forensic Science, 20, 54 (1981)
112, 97 (1973) 16. ZAEE, mE S SBEHre] BB IR, Sk
Hughes M. J, Cowell M. R and Craddock P. T, 1, srgieta SxE HEIA, pp. 22-24 (1980)
Archaeometry, 18, 19 (1976) 17. BRASK, TREG, TR~y viiia o $FEAREL,, &
Barnes I. L. et al,, The Beginning of the Use of Met- TSR, 73, 2, pp. 199-245 (1987)





