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;� <= �4 &�.> ?@���. 3�49 �7 A!BC7� ;�!;D9 Cu:Sn:Pb 8:2:0, 5�49
�!BC7� Cu:Sn:Pb 7:1:2, $6�49 Cu:Sn:Pb 85:10:5/9:1:0�E�. F, G�� HID9 5B� J> K
5LMN� OP� /QR S�9 T� U V SE�. Cu. W/QVR XY GZ9 Co, Fe, As�E9: �
9 Cu [\� ]^\7 _` �-��9 T� �a�b As _cY 3�4, 5�4, $6�4 ^C7 dR�
�9 T� U V SE�. e� f _gc� XY ��� 3
� f�hGZDi ���j G�� k�i l'
� &� ?mnopk f� �J� TC7 #$8�. qf� ;�!;Y Cu:Sn:Pb 83:12:5�ECb Pb� &
'� Lj jrs �-�j SE�.

Abstract This study is a scientific analysis of 12 bronze materials which were excavated from Sanoisa
temple in Chongju. Analysis of crystalline shape, size and distribution of the each sample metal sug-
gested that they can be classified as tableware(wrought), vessels for memorial service(casting) and
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
manufacturing method of wares. Trace elements such as Co, Fe and As are the elements with high
correlation 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. In addition,
the analysis of lead isotope ratio showed that 3 bronze materials with high lead content were made
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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Y& ��UK §¨��� N­ NOG ®�6)2 3 4

56 ��� ¯° ±X& �U² �OX5@ ³je�

*� ²¦O fg7)2 3 4D. �\ �	:G �=U:

�U² �T\ �� ´*G µ¶ 3 4� �	�§·�

� ��� ��UD. *F{¸X1 �1(¹º)
 ��

»�> �¼½i *}
 �� R�\ �	�§·�G

¢£¾6, � �	�§·�� �	: ��G �( �T

\ �
 �7@ �*�¿@ ¯À *}� �¼½& �T

UÁ�* � ´*G µÂÃ 3 4D8-11).

Ä ¼FG �U² �)�*� �	:�
� 12��

�¨x �	:� ¦�X1 u�& �( �T\ �Å

�¨ 1�& Æ3U² �� 7a5@ UÁD. ��§·

�� 5@� §yÇ3�½�� (AAS) ~ �OÈ�

É�ÊË���½ (ICP-AES)& �TUÁR, 
mÌ¥

Í ~ 
Î*�´»�½:G ¦Ï\ ]yÌ¥Í(SEM/

EDS)5@ 
m� ¥9 ��& �SUÁD. �\ ��

�� È{@¦Ð �� ¬Y� ri �¨ �
 3�&

­ÑU² ��Ò��Y�� (TIMS)5@ �	�§·�

G ��UÁD. ��¬Y ��Ð� (�& �\ DÓ

3�� (Multivariate analysis)12)5@� ����� 

(Principal Component Analysis : PCA)& �TUÁR,

�	�§·� ��Ð� ­»fÔw�� (SLDA)� È

{@ ��\ fÔ¬3G �TU² �� ´*G ÕNU

ÁD. 

II. �� � ���

1. �� 
�)�*
� ��> 	�
�� � ��� ktÔ@

12�� �¨G Æ3UÁR � $Ö ~ »×G Photo

1~10
 ¢£¾�D. 

�¨ ØÙ� ÚÛÛÜ(Marathon N1, Korea)
 D�

ÝÞÛ ß(15 mm, φ 0.2 mm)& [Ï\ Dà �]�á

�¨ Aâ�(2ã2 mm) ~ �; �¨G M 30 mg ØÙ

UÁD. �¨� ØÙ¦�� ä
 Ûå¢* æR %ç

� è� K� ¾¦
� ØÙUÁ56 � �pG �

Photo
 �Hé(ê)@ ¢£¾�D. ØÙ\ ¦�� 3*


 ë:ì¨G í�U² î& ïð ñ �#U² §»

& ò§UÁD. 

�¨éK
 ó¯4� ôõ�{ �:�& ��U:

�(� �¨G Ý9ö� ÷_ �ø
 ùR <àQ9

ú:@ 10�û 9úUÁD. �¨G D� Ý9ö5@

9ú\ Dà ���á ü�
ýþ ÿ�A
 ù¯ J

�UÁD.

2. �������	13)

�;�¨G M 20 mg(�0.02 mg)� N0� ÖYU²

25 ml ��É�Ê�
 �_ ñ �3 1 mlG ³jU²

60oC� j�f
� T(��D. 	Ò
� 30�û ��

�
 ñ D� �3 1 mlG ³jUR �¨j  ]� T

(���*G 01\ Dà 100 ml �ÊÉ�Ê�
 �"

��Ò3@ é­
* Ø�D. é�T�i §yÇ½T é

�§�(1,000 ppm, BDH spectrosol.)& �TU² ���

�, �� �¨� Z��Êx 	�\ ��& ï��: �

U² 5N-HCl 2.0 mlx F� é�T�(1,000 ppm) 5.0

mlG ³jUÁD. �x |� ��> � �O� é�T

�& �TU² �O
 �� ®N�­& =�\ Dà �

¨� Ç½OG �NUÁD. 

§yÇ3�½��:(Perkin-Elmer 3030, USA)x �O

È�É�ÊË����:(Seico, Japan)G �TU² � �

¨
 �¬> 10k(Cu, Sn, Pb, Zn, Ag, Ni, Co, Sb,

Fe, As)� �� §·G ��UÁD. � §·
 7U² 4

� ��U² ��j j[ � �& � \ ¢!* 3�

s"�& �TU² NYUÁD. 

3. 
� � 
���� �	

m��& �SU: �\ �¨(
m Aâ�) ��{

Ni Dà{ |D. 1) Mounting:
#� 3*(�� YD-

II4E, Í�� CD-230)G 10:3� �$@ í�U² �T

UÁD. 2) Polishing:¼Ë*(SiC paper #1,000~4,000)@

¼Ë\ Dà ¼Ë%5@ 1~0.25µm
* ¼ËUÁD. 3)

Etching:�:t(��h)� õ��2&T�(H2O 150 ml +

HCl 5 ml + FeCl3 20 g)5@ 5~10< NO ¦w��56,

w:t(g�h)� ¦wT�(H2O 49 ml + HCl 39 ml +

HNO3 12 ml)5@ 3� NO ¦w��D. 4) Observation:


mÌ¥Í& �TU² ¥9��& �SUR ����

& SEM/EDS@ ��UÁD. 

4. ������ �	
�	�§·� ��& �(�� � 0.5µg�K ��U

D. �	 ¦wd��
� �	�§·� �Ô(fractionation)

� �¯¢* æ5¿@ ��& �(�� �	: éK�

¦w'& �¨@ �T2 3 4D14). �å¢  ¦� �

� �	: ¦w'
 OÆ�¯ 	�§·�
 (�& )
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3 45¿@ 
m*� + ,Ý4� �	 ·*� �;

�¨ � ���� È{ � ¬Y� ri 3�(	�
�

�, 	�� , 	��y)� �¨G ­NUÁD. �-X

5@ �	:
 �¬�¯ 4� �� ¬Y� 2% �a�

K 1�X1 ³j@ JR 4D14). 

�; �¨G �� 0.1 mg� ÙU² ./0 ÿ�A


ùR �3G 2~3 ml j\ Dà j�f
� j���D.

ÿ�A �1& �R j�U² ���2R, 6N-õ´ 2 ml

G jU² D� ���
 ñ 1N-HBr 1 ml
 3ÁD. §

*��\ �¨T�& à�Ò 453*(AG1-X8, Chloride

form, 100-200#)x 1N-HBr& �TU² �& ��UÁ

D. ��\ �& Re single filament
 6¯ ��Ò��

Y��:(VG Sector 54-30, England)G �TU² 	�

§·�G �NUÁR, ��È{� é���(NBS, SRM

981)� �NpG �TU² JNUÁD. Ä �	�§·

��i 77¼Fg*
 4� :<{¸*§¼F·
�

38UÁD.

III. 	
 � �� 

�)�*� �	: 12�{ �Å �¨G Æ3U² �

��� ~ 
m��& �SUÁR, ���� È{
�

�� ¬Y� ri �¨G ­ÑU² �	�§·�G �

�UÁD. �x |i �9� �� È{@ RB�7 �

	:� kt �� TO
 �� ��� ���, ��:

� ~ � §¨� ´*G �N2 3 4D. 

1. ���� �� ��
12�� �¨
 7U² §yÇ3�½��{ �OÈ�

É�ÊË����5@ �� 3k(Cu, Sn, Pb)� ���

{ 7k(Zn, Ag, Ni, Co, Sb, Fe, As)� ¥Y�� ¬Y

& ÈNUÁD. � È{G ��$Ö{ ¬: Table 1


¢£¾��� Cu;Sn �
� 5�, Cu-Sn-Pb �
� 7

�1 ?5@ ¢£<D. 

¥Y��� ¬Y& '\ �¨û� a��=� DÓ3

�� & �TU² AÝJ>D. DÓ3��  �
� �

���� (PCA)15)& �TU² �¨� ��OG O�

UK ���� 4� �¨?�� �g� @& »�U¿

@, � @
 �¬�¯ 4� �¨
 7\ �� ¬Y �

�ÐG �4 ®�2 3 4D. � ��¬Y ��Ð� �

´-n�´Z��ÊG =´UK ��§· û� a��=

G AÝÃ 3 4D6,7). 

�)�* �	: 12�
� �� 10k� §·G ��

\ ¬Y��ÐG �TU² �����(PCA)& 38\

È{G O�\ ?� Fig. 11�, �¨�� �A 3B @

Fig. 1. PCA result of 12 bronzes from Sanoisa Temple. The
number is same as that of Table 1. � tableware, � vessel
for memorial service and � 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
Total
(%)

1  Sajik 5  Bronze Buddhist Ritual Bell(�����) 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 Burner(����) 72.0  6.38 21.2 N 0.22 0.035 0.020 0.050 0.061 0.20 100.2

3  Sajik 19  Bronze Buddhist Gong(����) 83.2 11.0  3.24 N 0.31 0.054 0.010 0.068 0.12 1.20  99.2 

4  Sajik 20-2  Bronze Pitcher(��	
) 71.2  8.14 18.5 0.010 0.18 0.044 0.005 0.049 0.027 0.35  98.5 

5  Sajik 21-1  Bronze Bowl(����) 77.5 22.1  0.054 0.005 0.17 0.047 0.019 0.019 0.042 0.024 100.0

6  Sajik 21-2  Bronze Bowl(����) 76.9 22.5  0.032 0.004 0.15 0.047 0.034 0.008 0.049 0.034  99.8 

7  Sajik 21-3  Bronze Bowl(����) 77.4 23.5  0.17 0.037 0.15 0.059 0.005 N 0.15 0.063 101.5

8  Sajik 22  Bronze Large Jar(��
) 77.6  5.93 13.5 0.005 0.24 0.076 T 0.081 0.015 0.31  97.8 

9  Sajik 28  Bronze Wind Bell(���) 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 Spoon(����) 77.6 20.6  0.15 N 0.094 0.066 T 0.13 0.10 0.047  98.8 

11  Sajik 36-1  Bronze Dish(������) 72.6  8.97 17.0 0.036 0.21 0.088 0.020 0.072 0.038 0.40  99.7 

12  Sajik 36-2  Bronze Dish(������) 71.5  8.82 18.5 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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-1@ w:t(C 1, 5, 6, 7, 10), 2@ �:t(D 2, 4,

8, 11, 12) ��R 3@ £$:(E 3, 9)-5@ �t>D

� ?& A 3 4D.

1@
 �¬> �	:� 	�7u 3�{ 	�3v 1�

5@� FG w:t�6 Table 1
 ¢£H Cu, Sn, Pb

� ���j 78 8:2:0/& A 3 4D. Cu� ¬YI

�� 76.9~77.6%�6, Sni 20.6~23.5%@� Zq �N

UD� ?& A 3 4D. �J� 1@
 �¬�¯ 4�

	�
��(C 1)i � ���j 78 75:20:5@� w:

t
 �U² PbG ·Y ³j\ ?& A 3 4D. 2@


�¬> ��i 	�� , 	��y, 	�z, 	�·»u

�@ FG �:t/& A 3 4D. Cu� ¬YI��

71.2~77.6%, Sni 5.9~9%, Pb� 13.5~21.2%�6 Cu,

Sn, Pb� ���� 78 7:1:2�D. ÔO@ K¯C 4�

3@i £$:@� 	�
R(E 3)� ���� 85:10:5�

6 	��(E 9)� ���� 9:1:0��D. �å\ �t

È{� �h� TO
 �� §¨� ���G �LUÁ

D� �	& -(U� ?�6, 	�@ Fig. 1
 + ¢£

¢R 4D. 

�å\ �	i %M
�O NÝ � 3 4D. O,PQ

RST
 ‘nU� 6�(1357) 9V
 �	(WX) w:tG

Y� �TU:G Z[UÁD’� UR, �­ ñ: P[

\]^_`abT
 �UK �(W)� F�
 ��& ¦

¯ �9\DR UR ‘cd 1e& f�BK �� 4g


F� 1e& �pK >D’R UÁD16). 	�@ � � i

h�
* �: ��y�� iR 456 F�x ���

���$� 4:1@ ]'X5@ *ájDR \D16). �\

��> ��§·� ¬Y��ÐG �TU² �´-n�´

Z��ÊG =´UÁ56 �@¦Ð §·û� a�=3

G Table 2
 ¢£¾�D. 

Table 2
� J� ÿx |� 0.4~0.95 I�@� ��

� ri a�=3G ¢£¾� §·� ��i (Cu, Co,

Fe, As), (Zn, Ni), (Ag, As), (Fe, As)��D. ���1

Cu, Sn, Pb ��� a�=3� à� =3� �� Ý�

ki ç� �& ¢£¾R 4�� �� �� ��& �

]
 R«O@ jn\ ñ �	:� ��� §¨@ �T

eD� ?& J²�� ?�D6). (Ag, As)x (Fe, As)�

Table 2. Correlation Matrix of 10 Elements

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
 Ag  0.18 −0.47  0.20 −0.25  1.00 Ni
 Ni  0.30 −0.31  0.04  0.53 −0.11  1.00  Co
 Co  0.45  0.04 −0.27 −0.10  0.02  0.03  1.00 Sb
 Sb −0.20 −0.26  0.25 −0.23  0.10  0.25 −0.57  1.00 Fe
 Fe  0.70  0.01 −0.39  0.20 −0.21  0.36  0.34 −0.34  1.00  As
 As  0.53 −0.53  0.03 −0.09  0.69  0.29  0.13  0.12  0.40  1.00

   Fig. 2. Distribution of trace elements for (a) As/Ag and (b)
As/ Fe.
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�� 0.69, 040� ri a�=3G ¢£¾R 4�� �

� �O
 �� Í��& Fig. 2
 ¢£¾�D. ²:�

A 3 4l� D� §·
 �U² As� �Oj w:t,

�:t, £$:t� «5@ mj\D� ��D. �� �

	: §¨� N­{N �� ��{N� ��
� ô�

?5@ fg>D. 

 2. ���� ����
o@¦Ð %¼	i y¼
� nA F2 3 4¯ �@

OF¢ [wh5@ �T��*f ggU* oU² �G

J U� � 5@ ���¢ � �& ³jU² Dç\

��& ¢£¾� �
& �TUÁD. 

F�
 ��& ³jUK ÍOG mj�p 3 456,

�i ��\ ñ éK� Ëq��, $%& !" ù: �

\ éKÍO, �	� �& r��� �TUD. �\ R

7 �	:� �� ��& HIJK �7j rL
 ��

�� ç� YÝ*� ?& ²å y¨
� NÝ� 3 4

��, � ��� ��
 �U² �i FU: nR ��

� �A ÓU* æ: �%1 ?5@ J1D. �å¢ j

n� s�\ g�h
�� �& ³jU* æi �
&

f��D.


m� ¥9F�G �S\ È{ �A w:t(�@ g

�h), �:t(�@ ��h), £$:t � 3j* kt@

¢t 3 4�56 �¨j ��U* o( NY��& 	

�U# oUÁ5¢ D� ��& j# Å � u 4j*

kt@ F���D. �å\ �	i ���� È{x �

pU² §¨� ���� �h� TO ~ �=� { v

u\ �=j 4D� ?& A 3 4D. 

2.1. ���(���) 
w:t� �@ g�h[F�j M 78%, ��� 22%

¾ , �i �� ¬��¯ 4* æi Cu-Sn �
]5@

� ��h{� a�\ ��& j*R 4D. 7¦�� g

�hi G:j w5K� � �OG s�@ U¿@ g�

x ���G 8\ ?5@ fg>D. 

Ì¥Í& '\ ¥9F� �SÈ{ ��{N
� αa
� ��UR g�x ���
 �( ÷
� ��� ¢£

¢� ?& 012 3 4�D. ��
 �( ���* æ

Ý δai �S�* æR α� �:x ÷
� ��� »

×� �¨ËD Mû� ��G xR 4D. �\ αa
�
yN� ¢£¢R 4�� g�
 �( ¾¦
 ,Ý4�

z{& q·�2: �( d�> ?5@ J1D. ¡� j

n
 �( Æyj |5@ }¯� 4� �{ �
mB~

�� J�* æ� �5@ JÝ ��
 �( aÒ5@

��(α + δ)\ ñ 586oC �a
� jn& UR(α + β) `

m� ���2� ���(α +÷
���)j 38��à

� Õ�>D.

G:j wi 	�7u(Photo 5-2)i yN(twinning)&

j# αx ÷
� ��(martensite β)& J�R 456 α
ai jn
 �( �N\ ��5@ }¯� 4D. G�

� 7u(Photo 6-2)i wi 7u
� ¢£H ¥9F�x

��\ F�G j*R 4*f αa� ��� XR Ó»

� � �¯H ?& �S2 3 4D. �?i G:j G

�: �%
 � ri ÒO
� ���G 	�¬5@�

αa� XA ��> ?5@ Õ�>D. 

	�3v(Photo 9-2) }� ��\ ��& J�¢ αa
� � Y� ���¯ 4� ?& � 3 4D. α� �d

�� � Y� ��# ?i 3v
 s�\ ��OG m

j�á ¦å*� ?& �*U: �U² 7u
�JD

ki ÒO
� ���j 8(# ?5@ J1D. 

�i g�=�
 �U² wA �=2 � �*: n:

�%
 ³jU* æi ?5@ J1D. 

2.2. ���(���)
�:t@ �t> ?i ��h5@� �� ¬Y�

13.5~21%@ D� kt
 �( Yi ç& ¬�UR 4

56 ��i 6~9%�D. Ì¥Í �#
� n'X5@ �

S2 3 4� ?i ]�X5@ ¢£¢� αa{ � �

�(segregation)�D. �����*f ��� ¬Y� k

Ý 7¦�� ��i 	
 RT�¯ δa� nA ä
 �
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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

No* Item
Lead isotpe ratio  Score 

206/204 207/204 208/204 207/206 208/206  DS1  DS2

1
2
4

 Bronze Buddhist Ritual Bell
 Bronze Incense Burner
 Bronze Pitcher

18.483
18.575
18.721

15.894
15.621
15.776

39.636
38.614
39.196

0.8599
0.8410
0.8427

2.1444
2.0788
2.0937

 0.83
−0.74
−0.36

0.66
0.03
0.45 

*The number is same as of Table 1.
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4�D. �å\ ��& RB2 � ��� aÒ
* �

�(α + δ)\ ñ
 586oC �a
� jnUR(α;β), `m

� ���á ���(α + martensite β)G \ ?5@ J

1D.

�:t(��h: 	�� , 	��y, 	�z, 	�·»

u�)� Pb� ¬Y� SnJD YR ���¯ 4D. Z�

�Ê� ����1 α;δ n����D. £$:t(	�


��, 	�
R, 	��)
 PbG ³j\ ��� $%

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

Photo 2-1. Bronze incense burner(H: 21 cm, D: 24 cm).

Photo 3-1. Bronze buddhist gong(H: 13.5 cm, D: 32.0 cm).

Photo 1-2. Microstructure of bronze buddhist ritual bell
(×100).

Photo 2-2. Microstructure of bronze incense burner(×100).

Photo 3-2. Microstructure of bronze buddhist gong(×100).
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�¢ %ç& !:: �(� ³j\ ?5@ J1D. £

$:
 �T> Pb� �OG K¯¥�R, ���: ¦q

6, ·�G §��2� =T& U¿@ 5%¾@ ³jU

² ��UÁD. 

3. #�
7»ÿl� ÿ�
� u�U: �( �T\ �Å�

Photo 4-1. Bronze pitcher(H: 32.5 cm).

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

Photo 6-1. Bronze bowls II(H: 7.0 cm, D: 15.0 cm).

Photo 4-2. Microstructure of bronze pitcher(×100).

Photo 5-2. Microstructure of bronze bowl I(×100).

Photo 6-2. Microstructure of bronze bowl II(×100).
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���� È{ �
�� Cu:Sn:Pb = 83:12:5��D. Å

i n:�
� ����� � mOj ¨� 7¦� a

� =R pvUD. Pb� ÈNO =R R�A ��UR

4�� � È{ �\ �� ��mO
 �\ ?�D. 

4. ��� �� � 
���� È{ � ¬Y� ri 3�� �	:(	�


��, 	�� , 	��y)
 7U² �	�§·�G �

Photo 7-2. Microstructure of bronze large jar(×100).

Photo 8-2. Microstructure of bronze wind bells(×100).

Photo 9-2. Microstructure of bronze spoons(×200).

Photo 7-1. Bronze large jar(H: 52 cm).

Photo 8-1. Bronze wind bells(H: 11.5 cm, D: 7.5 cm).

Photo 9-1. Bronze spoons(L: 18.5 cm).
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