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The Provenance and Characteristic Classification of the
White Porcelain in the Gyeongsangnam-do by
Neutron Activation Analysis
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Department of Cultural Heritage Conservation Science, Kongju National University, Kongju 314-701, Korea
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ABSTRACT This study analyze concentration of minor and trace elements on 47 white porcelains excavated from
Dudong-ri, Baekryeon-ri, Sachon-1i kilns in Gyeonsangnam-do by NAA(neutron activation analysis) and try to clas-
sify the provenance and characteristics according to the analytical result. Each kilns are divided into the group by
PCA(principal component analysis) and LDA(linear discrimination analysis) using 17 elements; Ba Ce, Co, Cr, Cs,
Dy, Eu, Hf, La, Lu, Rb, Sc, Sm, Ta, Th, V, Yb. The contribution elements are Dy, Sm, La, Ce, Lu, Sc. And soft and
hard white porcelains are similar with the chemical composition of the use materials therefore the difference of the
chemical composition not confirmed a cause. The analytical results of the fine(I) and poor(Il) quality white porce-
lains presume the difference of the provenance of clay materials or the production process such as difference purify
and additive materials.

Key Words: neutron activation analysis(NAA), provenance, hard white porcelain, soft white porcelain, principal
component analysis, discriminant function
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Table 1. Trace elements concentration of white porcelain shards

Sample Concentration{ppm)
Number”  Ba Ce Co Cr Cs Dy Eu H La Lu Ro Sc Sm Ta Th \ Yb
soft whiteware
UCH30 205 34 121 89 65 40 06 42 24 06 130 6.6 32 22 16 39 26
UCH31 173 52 91 13 44 59 1.0 64 38 09 7 8.0 58 1.5 30 35 35
UCH32 529 58 115 19 6.7 58 08 46 39 1.1 188 11 5.1 3.3 25 44 47
UCH33 405 38 93 12 57 46 06 39 28 08 141 79 36 24 19 33 3.7
UCH34 453 39 101 13 55 47 06 41 29 08 146 8.1 38 26 200 35 3.2
UCH36 367 108 114 22 44 12 3.6 57 75 11 98 16 15 1.5 18 97 3.9
UCH39 511 43 64 15 6.1 45 0.6 40 29 09 132 91 38 22 21 34 3.6
UCH40 541 121 88 23 89 t5 33 77 90 18 156 15 15 2.2 18 64 78
UCH41 597 42 84 16 57 46 06 43 33 09 148 93 41 2.6 21 38 3.2
hard whiteware |
UCH25 247 31 144 6.2 69 31 05 43 21 06 150 5.6 27 241 18 19 19
UCH26 282 54 140 27 52 64 1.1 66 35 09 93 14 58 20 22 63 4.2
UCH27 422 38 115 46 26 31 05 31 3 05 69 3.9 41 2.2 10 18 1.7
1.2
2.9

UCH28 283 39 193 76 28 21 04 27 27 03 34 3.9 35 3.0 10 17
UCH29 189 48 139 13 58 45 08 55 27 07 97 8.1 4.1 2.8 21 34

hard whiteware 1

UCH35 655 75 108 19 7.7 13 2.2 97 76 1.8 137 13 12 2.1 19 50 6.2
UCH37 607 70 104 18 76 12 241 84 58 20 166 13 11 2.8 19 56 6.6
soft whiteware |

BRO1 458 61 183 28 53 32 08 48 43 06 107 49 46 25 1232 1.8
BRO2 655 35 83 51 43 20 09 22 26 04 111 56 29 15 59 27 12
BRO3 465 58 96 28 53 33 08 49 42 06 112 47 47 1.7 12 24 24
BRO4 518 60 84 24 40 31 06 52 42 06 96 4.1 4.4 17 1223 1.7
BRO5 520 59 95 26 46 30 06 51 37 06 90 4.2 40 1.8 11 26 1.6

soft whiteware 1
BRO6 543 78 102 79 79 50 12 72 50 07 138 94 59 20 15 72 341
BRO7 506 74 9 80 73 57 11 72 46 08 110 9.0 57 19 14 70 241
BRO8 511 72 112 77 66 55 11 81 44 06 109 83 58 2.1 13 71 24
hard whiteware 1
BRO9 459 65 98 32 6.2 43 1.0 49 39 06 118 53 54 20 12 39 25
BR10 568 90 67 89 76 68 13 51 66 1.1 154 51 7.0 16 17 19 36
BR11 445 46 76 55 96 28 1.2 3.7 26 04 902 7.2 28 15 73 45 16
hard whiteware 1|
BR12 496 79 106 89 75 51 A
BR13 525 81 92 88 80 53 1.
BR14 598 78 92 83 77 53 1,
1
1

8.8 47 0.7 124 96 6.0 2.1 15 73 27
88 48 08 112 96 6.1 1.8 15 73 28
. 122 9.1 59 20 15 77 23
9.0 60 09 119 10 77 241 15 71 36
88 50 08 120 98 62 27 16 69 38

BR15 500 85 88 89 74 54

BR16 417 82 184 93 82 43
the primery soft whittware |

BR17 531 80 52 1 85 43 11 58 52 07 140 58 55 1.8 18 25 26

BR18 477 60 90 27 45 31 08 57 37 06 118 438 41 1.4 12 21 20

BR19 657 25 62 58 42 19 09 1.7 17 03 104 56 24 08 43 30 1.3
the primery hard whiteware 1|

BR20 531 83 98 9 79 60 15 9.4 53 09 125 10 72 2.1 16 73 3.3

BR21 528 78 92 86 84 53 11 79 47 07 135 10 58 18 15 80 26

BR22 535 77 86 85 74 56 13 86 52 08 117 96 66 2.0 15 73 20
soft whiteware

wwon =
©
o
IS
[e3)
o
o]

SCH1 145 28 16 79 42 48 141 53 23 09 65 10 49 046 28 55 27
SCH2 195 34 18 69 48 45 09 52 25 08 71 10 39 049 20 42 24
SCH3 184 29 15 88 48 37 10 54 25 07 67 11 43 051 31 33 2.1
SCH4 165 29 20 75 44 40 10 57 22 08 66 11 48 057 32 37 27
SCH5 133 31 1.6 91 48 38 1.0 556 25 08 61 11 46 058 30 40 25

hard whiteware
SCH6 185 2834 20 95 47 41 1 58 24 08 73 12 47 059 32 40 29
SCH7 150 2949 18 92 38 47 1 51 25 09 62 10 50 057 27 60 29
S&CH8 210 2902 18 73 39 3.8 0. 55 21 0.8 66 11 46 058 29 41 27
1

SCHO 167 28.02 1.9 88 38 44 .0 53 21 0.7 63 11 45 064 29 57 23
1) Sample Number : UCH; Dudong—ri kin, Br; Baekryon—i kiln, SCH: Sachen—ri kin

o=
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Fe AASIROU, T AR AEER] %2 As, Table 2. Eigervalue and cumulative portion by PCA using 17 trace
A, W, Ti, Mg 53} g #ePl 2 sb 5 Alelat slements
Ba, Ce, Co, Cr, Cs, Dy, Bu, Hf, La, Lu, Rb, Se Component Eigenvalue  Variance(%) Cumuletive(%)

1 7.877 46.3 46.3
Sm, Ta, Th, V, Yb 59 1770 ulg4dE& F9EEA > 3876 28 vy
9 dEEAe] Wz ol@siit. ol A Ade 3 1.910 1.2 80.4
Table 13} 7t} 4 1.084 6.4 86.7

5 0.895 5.3 92.0

2. FHREEM0)| QI5t ZiniEY AX| 2R
Table 3. Communaliies and principal component by PCA using 17

a3e] Flole A 25 e R 4730) pickad
1770 jebdEe SPSS(statistical package for social E;:::ts Pr1|nC|paI Componzent Communalities
science) 12.0 $71 Z2IHE ol87} FEEH SR Ba 0.486 0.677 0.695
7kt o] W 5% 18 Eigenvalug®t 71HE Ce 0.866 0.295 0.838
(Variance) ¥ 271} &(Cumulative)e: Table 2, 5% ffr’ 3333 8;?2 82;;
ACommunalities)? “JEFHPrincipal Component)- Cs 0.680 0.341 0.578
Table 33} Zt}, T3t 2 658 2AH 13} 99 ]3] Dy - 0.890 -0.328 0.900
of 7 ARe] 348 8 Figwe 201 EASfIIC, R Iy
Table 2004 1Lfgko] 71 & FE 13} 29 ¥4 La 0.919 0.132 0.862
710482 69.1 %2 AA WS 100 % %9) Figure 27} ;; 82218 -00;14;29 gg;i
e AEE OJuldich. Table 39| TEHE WHE] s 0587 0680 __ 0.807
A S35 7148t AEE FAoh= FoE FHE 1 Sm 0.894 -0.267 0.869
oI La, Sm, Dy, Ce, Bu, F4E 2004 Th 4l 2 I: —06308947 —06684725 85?2
A 71o48le] HA|F 22 Dy, Sm, La, Ce, Lu, Sc A& Vv 0.663 20.130 0.457
9] 7|yt & Ao ZRIFEr, web A=Y & Yb 0.790 —0.337 0.737
3.0 ]
Ouch Abr &sch
2.0 ¢
% 10 | T A A
2 Eﬁ@*ﬁ#l
g- 0.0
2 1.0 F ] u th 0
2 % 0
£ -20 f
o
-3.0 L 2 1 2 4

-2.0 -1.0 0.0 1.0 2.0 3.0 40
Principal Companert 1

Figure 2. Bivariate plot of first two principal components by 17 trace elements for 47 samples.
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Table 4, Eigenvalue and cumulative portion by PCA using trace elements on Dudong—ri, Baekryon—ri and Sachon—ri samples

Comporent  Eigenvalue Variencel%) Cumulativel%) Figenvalue Variancel®) Cumulative(®) Eigenvalue Variancel®%) Cumulative(%)

site Dudong-ri Jinhae Baekreon—ri Hadong Sachon—1i Sacheon

1 10.150 59.7 59.7 10.199 60.0 60.0 5.417 31.9 31.9
2 2.514 14.8 74.5 2.398 141 741 4.466 26.3 58.1
3 1.506 8.9 83.4 2.098 12.3 86.4 2.607 15.3 735
4 0.993 5.8 89.2 0.826 4.9 91.3 1.983 1.7 85.1
5 0.744 4.4 93.6 0.577 3.4 94.7 1.098 6.5 91.6

Table 4. Eigervalue and cumulative portion by PCA using trace elements on Dudonig—ri, Baekryon—ri and Sachon—i samples

Trace Principal Component  Communalities Principal Compornent  Communalities Principal Component Communaliies

Elements 1 2 1 2 1 2

site Dodong—i Jinhae Baekreon—r Hadong Sachon-ri Sacheon

Ba 0.558 0.479 0.541 -0.278 -0.149 0.099 —0.603 -0.035 0.365
Ce 0.898 -0.322 0.911 ' 0.953 -0.227 0.961 -0.399 -0.712 0.667
Co -0.426  -0.455 0.389 0.220 0.426 0.230 0.008 0.624 0.390
Cr 0.818 —0.040 0.670 0.563 0.740 0.865 0.200 0.429 0.224
Cs 0.646 0.570 0.743 0.741 0,150 0.572 -0.701 -0.159 0.516
Dy 0.975 —0.106 0.963 0.916 -0.160 0.865 0.757 —-0.366 0.707
Eu 0.895 -0.392 0.955 0.773 0.132 0.615 0.439 0.572 0.520
Hf 0.838 0.020 0.703 0.903 0.245 0.875 -0.434 0.842 0.898
La 0.927 -0.236 0.915 0.885 -0.393 0.938 -0.125 -0.450 0.218
Lu 0.931 0.252 0.930 0.918 -0.317 0.942 0.751 0.215 0.611
Rb 0.449 0.791 0.826 0.615 -0.548 0.679 -0.538 0.031 0.290
Sc 0.928 -0.076 0.868 0.774 0.536 0.886 —0.546 0.806 0.948
Sm 0.916 —0.341 0.956 0.950 -0.175 0.933 0.738 0.585 0.887
Ta —-0.247 0.537 0.350 0.673 0.245 0.513 0.006 0.657 0.432
Th 0.266 0.387 0.221 0.894 -0.313 0.897 -0.772 0.539 0.886
) 0.825 -0.330 0.790 0.730 0.609 0.904 0.891 -0.162 0.820
Yb 0.931 0.262 0.934 0.869 -0.259 0.823 0.554 0.447 0.507
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Figure 3. Bivariate plot of first two principal components by trace elements on Dodong—ri samples.
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Figure 4. Bivariate plot of first two principal components by trace elements on Baekryeon—ri samples,
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Figure 5. Bivariate plot of first two principal components by trace elements on Sachon-ri samples.
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Zpol7t obdg Akl gt Figure 3~5). Whd wida] Canonical Correlation) 5 WHE2] A}7 w9
AR AT 2K T)olA njekgEo] mE A FEe, W Y, a2 st B s O 4
Aol7} BRIE o) AR AR 4=H]9} H KA Ab U= AENTAGE Z2F 0,987 0.9452 Wi =4
€ 59 A el zlol7k QI 7FsAol Brkn 2 UePdTKTable 7). o1& 7|22 thgatt o] whEdk: |
g, I} 27} Atel o] Alofl thgiste] n|z|A| 7o) ARIE

ojof ZZ FYEEA Avke 5Y ThubElolA AR A8l & = Qlck
LA AN AR7E T 7MsAdol 9leS Urhiis
Aoe =AY HE Yol thst Alx] 24| ojglLo) 341 = 0.013Ba+0.159Ce+0.023C0o-0.004Cr—

e BoF ZAo weby Znled 28 = 0.276Cs—0.664Dy+5.527Eu+0,963H—0.005La~
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Tabole 6. Equalty of group means by LDA 0.891Lu+0.014Rb-0.686Sc-1.9115m—
Variance Wiks Lambda F 1.959Ta-0.153Th+0.028V+0.728Yb—4.096 "
Ba 0.373 36.960 322 = 0.001Ba-0.021Ce+0.013C0o-0.004Cr—
Ce 0.625 13.175 - _
0.015Cs+1.876Dy-2.535Eu-0,126Hf-0.081La
Co 0.307 49,682
o 0.435 28 531 10.991Lu+0.020Rb+0.21 7Sc+0.438Sm+2,044T
Cs 0.734 7.955 a+0.007Th—0.043V+0.435Yb-3.554
Dy 0.842 4141
& 0.979 0.465 w2g) wE) SEe sleds 28 4759 W)
Ht 0.925 1.793 i )
" 0772 5503 2} Aol gt WEEE Figure 67} o] EAIgICH
Lu 0.845 4.034 o] AulollA TPEL L FAHEEIHETE Y Hojt £
Rb 0.59 14,888 welow 7} sjledE BREe & 4 vk Wkl B
- o e MEye R Y20 2E AR st
T 0274 58.961 A AMge) B Aa BAS AX sk ol
Th 0.257 63.589 AR ZAo] o] e HE YRS /lEEE ARE A4
v 0.966 0.783 sjgro i Tpule AX] 259 AT AR ¥¢E £
Yb 0.751 7.308 2}‘% 7,12§ 7]]:“%1_/]_

Table 7. Canonical discriminant functions by LDA

Canonical

Function Eigervalue Variance(%) Cumulative(%) ) Wiks Lambda Chi-square F
Correlation

1 39.042 825 825 0.987 0.003 213.152 34

2 8.309 175 100.0 0.945 0.107 80.314 16
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Figure 6. Plot of first two linear discriminant function by trace elements for 47 samples.
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