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Abstract : Both concave and convex roof-end tiles having same style and shape are excavated in
Yongjangsung castle at Jindo and Bumhwasa temple at Wando in Jeollanam-Do that are the
Sambyulcho’s resistance sites against Mongolia in the late Koryo dynasty. Obtained data by NAA have
been used to classify the equality of a raw materials’ provenance by multiple correlation analysis(MCA)
and discriminant analysis. The results of MCA has shown that there are very high correlation for [La
: Sm], and [Lu : Yb]. Exactly pottery site at Chungdo, roof tile site at Chungyang, Yongjangsung
castle and Bumhwasa temple and Chunghaejin site at Jangdo were distributed for four trace elements,
Cr, Sc, 4(Z(Lu, Yb)) and Eu by discriminant analysis, and their accuracy is above 95%. This means
that Yongjangsung castle and Bumhwasa temple have same raw materials’ provenance.
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Fig. 1. Concave and convex roof-end tiles of
Yongjangsung at Jindo.
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Fig. 2. Concave and convex roof-end tiles of Bubhwasa
at Wando.
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Fig. 3. Position of each cultural site(Jflj : Yongjansung at
Jindo, @ : Bubhwasa at Wando, @ : pottery-kiln
site at Chungdo, Jf]: roof tiles site at Chungyang,
and & : Chunghaejin at Jangdo).
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Table 1. Analytical condition used for the analysis of

archaeological samples

Irrdiation Neutron flux Sample Irradiation
facility (njem2 - sec) weight time
PTS 1.7x 1013 100mg I hr
PTS 1.7x1013 100mg 1 hr

CO‘Ohng Con‘mtmg Elements detected
time time

5~10 days 2000 s Ca, K, Na, La, Sm

15~20 4000 s Ba, Ce, Co, Cs, Cr, Eu,
days Fe, Hf, Rb, Sc, Lu, Yb
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Table 2. Analytical results of archaeological samples by neutron activation analysis

Sample Sites Relics Name Elements(mg/ke)

No. Ba | Ce | Co| Cs | Cr | Eu| Hf | La { Rb | Sc | Sm | Lu | Yb
I Pottery | 512 | 890 | 149 | 7.9 | 64.7| 1.6 | 69 | 347 109 | 19.1 | 60 | 08 | 2.1
2| Pottery | 353 | 762 | 117 | 79 | 545| 13 | 53 |323|652]173[ 55 [ 07 | 22
3| Potery | 545 | 862 | 28.1 | 11.7] 106 | 18 | 65 | 519765181 86 | 09 | 27
4 Pottery | 332 | 723 | 81 | 76 | 599 13 | 59 | 332669 [ 186 59 | 08 | 24
5| Potterykiln Pottery | 361 | 750 | 149 | 7.6 | 626 | 1.5 | 63 | 341|155 | 185 59 | 08 | 22
6 | o Pottery | 301 | 969 | 6.8 | 62 | 635 1.6 | 66 | 506|771 173 | 84 | 09 | 27
7 Powery | 554 | 617 | 78 | 66 | 650 | 12 | 69 | 528|120 | 186 86 | 09 | 29
g | o Chunedo ™ poery [ 249 625 85 | 64 | 560 10 | 59 | 548|112 [195] 9.1 ] 08 [ 27
9 | Pottery | 552 | 81.5| 95 | 104 | 804 | 1.5 | 67 [502| 109 [19.1] 84 | 09 | 28
0 Pottery | 547 | 101 | 90 | 78 | 833 | 19 | 70 | 502|128 [185]| 85 | 09 | 25
n_ Pottery | 443 | 796 | 107 | 76 | 588 | 1.1 | 70 | 453 ] 118 | 182 7.8 | 08 | 27
12 Pottery | 477 | 560 | 47 | 3.5 1288 1.7 | 70 |498] 123 [185] 83 [ 09 | 238
13 Roof tile | 420 | 109 | 87 | 97 | 136 | 15 | 80 [ 503 122 {195] 90 | 09 [ 30
4| Roof tile | 692 | 102 | 116|106 | 147 | 6 | 74 | 465|908 | 182 | 80 | 08 | 25
15| Roof file | 640 | 106 | 7.7 | 47 | 131 | 15 | 66 | 497 150 | 174 | 79 | 08 | 26
16 | Rooftles | Roof dle | 511 | 953|92 73 | 103 | 14 [ 73 |526] 114 185|190 [ 08 | 28
17 site at Roof tle | 604 | 102 | 109 | 86 |982| 24 | 7.3 | 528 116 | 184 | 9.1 | 09 | 27
18 | Chungyang | Roof tile | 464 |90.0| 183 | 88 | 110 | 26 | 69 |534 [ 119 [185|92 | 08 [ 28
9| Roof tile  |609.0] 98.2 | 150 | 86 | 943 | 16 | 66 | 49.1 | 682 193] 92 | 09 [ 29
20 Roof tile | 708 | 985 | 132 ] 9.1 | 110 | 2.1 | 6.6 | 55.6 | 98.1 | 199 ] 98 | 09 | 3.
2|y ongiansng Roofend tile | 6967 | 101 | 13.0 | 109|962 | 13 | 69 | 347109 | 19.1] 60 | 08 | 2.1
7 4 Roofend tile | 676 | 89.0 | 86 | 11.2 | 815 ] 23 | 53 | 323|652 [173] 55 | 07 ] 22
53| atdindo o nd file | 529 | 958 | 8.5 | 12.8 | 763 | 1.8 | 65 | 519|765 18.1] 86 | 09 | 27
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Table 2. Continued
S El ts
ample Sites Relics Name ements((ng/ke)
No. Ba { Ce | Co | Cs | C | Bu | Hf | La | Rb | Sc | Sm | Lu | Yb
24 Roof-end tile| 524 | 929 | 13.1 | 94 (837 21 | 59 | 332|660 |186] 59 | 08 | 24
25 Roof-end tile| 559 | 101 | 8.1 [ 11.7 (930 | 24 | 63 | 341 | 155 | 185] 59 | 08 | 2.2
26 . Roof-end tile| 631 {954 | 9.1 | 86 (687 | 23 | 66 [ 506|771 1173 84 | 09 | 2.7
Yongjansung - :
27 ¢ Jindo Roof-end tile| 715 {988 ] 92 | 102 (757 | 23 | 69 528|120 | 186 86 | 09 | 29
28 a Roof-end tile| 498 | 104 | 94 | 97 (864 | 2.7 | 59 | 548 | 112 | 195 9.1 | 08 | 2.7
29 Roof-end tile| 468 | 100 | 154 | 96 [919| 27 | 6.7 {502 | 109 {191 84 | 09 | 2.8
30 Roof-end tile | 781 | 101 { 96 | 113|893 1.8 | 7.0 {502 | 128 | 185 | 85 | 09 | 25
i1 Roof-end tile | 515 | 82.6 { 128 (106 {929 | 18 | 70 | 453|118 | 182! 78 | 08 | 2.7
32 Roof-end tile | 472 {940 99 (103 /86| 26 | 70 | 498} 123 | 185 83 | 09 | 28
3B Roof-end tile] 657 | 943 [ 105 | 80 [ 943 | 26 | 80 | 503|122 | 195 90 | 09 | 3.0
34 Roof-end tile | 604 | 86.0 | 96 | 95 [ 947 | 26 | 74 | 465|908 182 80 | 08 | 25
35 Bubhwasa | Roof-end tile| 530 | 88.7 | 119 [ 116 {84 | 18 | 66 (497 | 150 {174 | 79 | 0.8 | 2.6
36 at Wando |Roof-end tile | 675 [ 929 | 117|128 {768 | 3.6 | 73 [ 526 | 114 | 185] 90 | 0.8 | 2.8
37 Roof-end tile| 500 | 100 | 11.7 (115|749 | 27 | 73 | 528 | 116 | 184 | 9.1 | 09 | 2.7
38 Roof-end tile | 671 {947 | 104 [ 11.7 [ 722 | 14 | 69 | 534|119 | 185 92 | 08 | 2.8
39 Roof-end tile| 657 {954 | 87 | 83 [822| 32 | 66 |49.1 | 682193 92 | 09 | 29
40 Roof-end tile| 545 { 103 [ 114 ] 116|781 26 | 6.6 | 556|981 199 98 { 09 | 3.1
41 Roof tile | 595 | 653|107 92 |99 09 | 67 {358 180 | 146 | 50 | 06 | 22
42 Roof tile | 542 | 108 [ 107 93 |97 | 1.7 | 67 | 577|118 | 163 | 81 | 1.0 | 3.8
43 Chunghaejin| Roof tile | 752 | 984 [ 117 75 {821 | 1.6 | 83 | 542 125|130 75 | 07 | 26
44 at Jangdo Roof tile | 542 | 105 [ 119} 70 {713 | 1.7 { 69 | 400 117 | 138 | 53 | 1.0 | 29
45 Roof tile | 654 [ 725 | 41 | 67 {724 | 1.2 { 62 |402 (102|119 53 | 08 | 29
46 Roof tile | 643 | 105 | 1.4 | 41 | 702 | 15 | 91 {543 132 |142| 75 | 1.0 | 39
Table 3. Multiple correlation coefficients of elements
Ba Ce Co Cs Cr Eu Hf La Rb Sc Sm Lu Yb
Ba 1.000
Ce 0376 1.000
Co -0063 0072 1.000
Cs 0244 0311 0412 1.000
Cr 0349 0555 0298 0308 1.000
Eu 0217 0358 0133 0369 0020 1.000
Hf 0269 0298 -0292 -0245 -0032 0179 1.000
La 0310 0588 0007 0196 0200 0320 0367 1.000
Rb 0249 0243 0177 0272 0348 -0013 0247 0.083 1.000
Sc 0002 0265 0391 0654 0282 0370 -0.378 0236 -0097 1.000
Sm 0.156 0489 0098 0325 0176 0431 0.192 0893 -0.107 0529 1.000
Lu -0210 0036 0522 0024 0034 -0014 -0246 0231 -0.129 0361 0328 1.000
Yb -0.127 0073 0478 -0016 0068 -0.040 -0.187 0345 -0046 0321 0363 0941 1.000
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Fig. 4. Linear relation of La and Sm(r = 0.893).
4.2 TiEN
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thl] 843 Y(pooled within-correlation matrix)}
BAHY ol ¥ GFFA4E vising HEE
Aol e dyes aeg 3(Le, Sm)E
2, JLu, YH)E 42 ENFE HEE H4E A
A% & gEEAg 38t

o] Ay tgn e Whyoes BAHS 44
gtk AR HEo) dFE e 39 Y8AA
7t M2 BP9 A Fa9E JHEE BEEYE
gt £4 o] A%4E uiger A= §3A4 &
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Table 4. Discriminant analysis result of each cultural site

Ytterbium

Ayer, A9

0.0 0.5 10 15 20 25

Lutetium
Fig. 5. Linear relation of Lu and Yb(r = 0.941).

Tach vhATeZ &34 fFAG @& YA
FHLE 32 - 431 9 2AE HAFHAS
Table 4= frEo] e Az 39 9844
7t M2 EYE N F4adE 7P sYE 8
¥Ae A%E AF Aok Cr, Se, 4, Eud 94

Hr

Ee @43 giiy AFM F39 FAE &
o)A BEde RE 9450tk @A lambda 3k
& *}% st JEHFLEY Frld WE AW F7HE

g % % gon, crtoz fH9) Mg BRa
£ @h— w9 3t} 604%8 F& AUEE 2T
giom Sert T3hd o of 29%9) HYES} 27}l
Aok wekd e BAE BRI BRRelN
FAHCE fend 945 F Cro) AR 528 €9
2013 Se, 4, Busl $49E ¢ 4 Ak

Correlation of discriminant

Predictor Step’s function and variable

Varisble  (Std. Dev) P lambda

Pooled correlation
between predictor variable

Fisher's linear discriminant fimctions*

1 2 3 4 G S 4 En Chngdo Chongyang Jindo Wando Chunghaejin
Cr B4.117Q21530) 1 0.396** 0321 0.568 -0.607 0.453 0748 0339 0174 0358 0330 0294 0297 0001
Sc 16.895(2417) 2 0.102** -0.289 0327 -0.343 0716 0637 0048 8753 4221 10.140 10191 5266
4 3795(1.101) 3 0.057** 0010 -0.189 0002 0.982 0177 4901 3814 7849 7760 -3.121
Eu  1876(0.634) 4 0034** 0191 0465 0821 0270 7744 11006 12419 13704 8098
Constant 56687 -56319 -82.995 -87.015 -38.836
Eigenvalue 6.751 2492 0060 0.024
Pet. of variance 74 267 06 03 Pet. of grouped cases comectly classified = 804 %
A=S@LuYb), * : Yongjansung at Jindo, Bubhwasa at Wando, pottery-kiln site at Chungdo, roof tiles site at Chungyang, and Chunghaejin at

Jangdo, ** : p<0,01
Std. Dev.(standard deviation), Pct.(percentage)
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Fig. 6. Discriminant analysis result of each cultural site :
Yongjansung at Jindo, Bubhwasa at Wando,
pottery site at Chungdo, roof tiles site at
Chungyang, and Chunghaejin at Jangdo.

Table 5= A% 434 #37 9= YA #3
o] R tiale SYF LEAANE /14T Aol O
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Canonical discriminant function 1

Fig. 7. Discriminant analysis result in case of assuming
that Yongjangsung at Jindo and Bubhwasa at
Wando have a same raw material’s provenance.
Yongjansung at Jindo and Bubhwasa at Wando,
pottery site at Chungdo, roof tiles site at
Chungyang, and Chunghaejin at Jangdo.

Table 5. Discriminant analysis result in case of assuming that Yongjangsung at Jindo and Bubhwasa at Wando have
a same raw material’s provenance

Correlation of Pooled correlation
Predictor Mean Step Step’s gliscriminam_ between' predictor Fisher’s linear discriminant functions*
Variable  (Std. Dev.) lambda function and variable variable
i 2 3 C S 4 Eu Chungdo Chungyang Jindo & Wando Chunghaejin
Cr 841172215300 1 039 0323 0570 0753 0.747 0336 -0.173 0366 0339 0.302 0.0011
Sc 16895(2417) 2 0.102** -0.288 0331 0838 0.637 -0.039 8948 4305 10.389 53718
A 379501101y 3 0057 0010 0.194 0518 0.191 5051 3939 -8.037 -3.225
Eu  1876(0634) 4 0036** -0,183 0451 -0.550 7480 10818 12769 7.891
Constant -57.533 57118 -85.333 -39.335
Eigenvalue 6.728 2460 0042
Pet. of variance 79 266 05 Pet. of grouped cases correctly classified = 95.7 %

A=X(uYb), * : Yongjansung at Jindo and Bubhwasa at Wando, pottery-kiln site at Chungdo, roof tiles site at Chungyang, and Chunghaejin at

Vol.14, No.6, 2001

Jangdo, ** : p<0,01

Std. Dev.(standard dewviation), Pct.(percentage)
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Table 6. Relations between each cultural site and predicted classification group

Predicted group membership
%) Group mumber = 5 ‘ Group number = 4
Chingyang | Chungdo | Jindo | Wando | Chunghaejin Chungyang |Chungdo Jindo & Wando | Chunghaejin
. Chungyang | 833 83 83 Chungysng | 833 83 83
- Orignal [ g 1000 Chungdo 100
group :
Jindo 600 | 400 Jindo

member & 100

_ship Wando 100 200 70 Wando

Chunghaejin 1000 | Chunghaejin 100
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=

Table 7. Discriminant analysis results of Yongjangsung castle at Jindo and Bubhwasa temple at Wando

Predictor Mean Step’s

Correlation of discriminant function and variable

Fisher’s linear discriminant functions*

Step

Variable (Std. Dev.) lambda 1 Jindo Wando
Hf 6.726(0.611) 1  0.629** 1.000 25.539 28.459
Constant -81.762 -101.246
Eigenvalue 0.590 Pct. of grouped cases
Pct. of variance 100.0 correctly classsified = 65.0 %

* : Yongjansung at Jindo and Bubhwasa at Wando, ** : p<0.01
Std. Dev.(standard deviation), Pct.(percentage)
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