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ABSTRACT. Punch'ong and whiteware sherds excavated from four kilns located in Ch'unghyodong,
Kwangju, Chollanamdo were analyzed for their body and glaze composition. They are classified into eight dif-
ferent groups by the site and layer from which they were collected. In principal component analysis of major
composition, the punch'ong body separates out into several different groups. CHE2, made in early fifteenth cen-
tury, has a higher aluminum and lower iron content compared to the later groups of lower grade. Whiteware
body has a very high aluminum content of around 30 wt.% in both soft type and hard type. Punch’ong glaze was
determined to be lime type and whiteware alkali-lime type.
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Fig. 1. Pictures of the sherds analyzed in this study. (a) 453, inlaid (b) 468, stamped design (c) 488, BWS (d) 483,

whiteware
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Table 1. Number of analyzed sherds, date, kiln number and features for each group of the analyzed sherds

Number of
sherds Kiln
BT — Dat Features
Group Punch ong ate number eatures
Whiteware

Sherds excavated by the National Kwangju Museum

CHBS 6 before 1420 excavated from Bosongol. dark gray body. dark green glaze. inlay
and stamped design which is similar to characteristics of later
Koryoceladon.

CHE2 6 1424-1431 1 from E2. the first products made in Kumgok. the best quality punch’

-ong. very fine, dense and light gray body. light gray-blue glaze.
closely stamped design in inside. all samples fired in sagger.

CHW3-L 6 around 1457 2 lower layer of W3. darker and less fine body and glaze than that
of CHE2. sparsely stamped design. fired piled up.

CHW2-8 7 around 1457 4  the second layer from the bottom in W2. mostly stamped design
3 punch'ong of gray body and gray-green glaze. the first appearance
of softpaste whiteware, all fired in sagger. whiteware sherds
calculated to be 4.2% of the total.
CHW2-6 7 1451-1477 4  the 6th layer from the top in W2. coarse body with sand grains.
1 green-brown cloudy glaze. stamped design. more casual production
for use by wider group. some wares with Chinese characters.
whiteware sherds estimated to be 15% of the total.
CHW2-3 6 1477-1483 4 the 3rd layer from the top in W2. both body and glaze rougher
3 and coarser. seemed to be the last stage in production of punch’
-ong of stamped design. whiteware estimated to be 15% of the
total production. appearance of high quality hardpaste whiteware.

CHW2-2 5 1490-1510 3 the 2nd layer from the top in W2. punch’'ong with brushed
4 whiteslip and transparent glaze. thin wall and softer body. high
quality hardpaste whiteware estimated to be 37% of the total
production.
CHW3-H 3 upper layer in W3. sherds mostly whitewares.
CH-S 3) sagger sherds. one each from CHE2, CHW2-8, and CHW2-6.
Sherds excavated by the National Museum of Korea
CHH 2 ) the date of the sherds not well known. from the decoration
4 design the punch’ong pieces estimated to be from the early stage.

whiteware consisted of 2 softpaste type and 2 hardpaste type.
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Ag BAFE H15E A3l o, F3vhgH HEA Do) IFeotEde] mHEL 9x)9}

A717F 2F7r A AL R FAE = FFHrREellA A 717} A 28] %}E]]X]X] 3 Age|t) dxd F

Z02 o 2km o)Al Jof] x|k WA FoNA Feo =1 1S Fig. 1ol vehliglo.

%3t H(CHBSYS 34 #4313t BAEHES SMWY. B2 FAYE 1094 AsHEe] AF

1991 S FFETol|A] a3k 24 433 (34 <+ XAl #¥FEA7|(XRF, PW1480 X-ray Fluore-
$okS nlE AP Fo] 22, $ekS nl=x| oo scence Sequential Spectrometer, Philips Inc.}Z o] 4

Aol 8), WAt 144 (2 1, A} 3, AW slo] 40kV, 30mARZA o2 BAsllh AT
AL 10)9el ZPHEFANE B2 FE 47)) 3839 AL BEdA foke A7 ste] BlEkg 200 mesh
1963 FRFETNA S5 28 6 o)l JhRE BHE T, 100°CellA] 58] 2 £

1998, Vol. 42, No. 3



254 FEE - mEE

Table 2(a). Body characteristics and compositions of Ch'unghyodong Punch'Ong

Sample , Decora- \ Oxide concentration (wt.%)"

Texture® | Color
Number tion Si0, ALO, Fe,0¢ MgO CaO Na,0 K,0 TiO, MnO P,0, LOI® Total
CHBS

449b°  MF stamped BN-BE  66.23 19.35 420 1.07 098 084 240 0.92 0.04 008 380 9991
(6885 2012 437 1.11 1.02 087 249 096 0.04 0.08)

450b F inlaid BE-BN 6692 21.11 393 110 083 088 257 093 003 006 163 99.99
(68.03 21.46 400 1.12 084 089 261 095 0.03 0.06)
451 F stamped GY 69.43 1958 386 1.10 081 071 2.65 1.00 003 007 046 99.70
452 MF  stamped BN-GY 6849 2032 404 1.12 097 092 2.69 097 003 006 021 99.82
453 F inlaid  GY 69.20 20.10 421 1.19 082 084 255 095 003 006 001 99.96
454 F ND  BE-GY 6772 2042 362 098 0.65 131 260 082 003 005 131 9951
Average 68.62 2033 402 1.0 085 092 2.60 094 003 0.06 99.82
Standard deviation 067 0.62 026 007 013 020 007 0.06 000 001 0.18
CHE2
455b F stamped WH-BE 66.11 21.76 258 043 039 032 3.11 0.68 002 003 455 99.98
(6926 22.80 270 045 041 034 326 071 0.02 0.03)
456 F stamped WH-GY 69.01 23.00 253 051 028 036 354 057 003 002 021 100.06
457 F stamped WH-GY 67.78 2259 233 042 027 027 356 055 003 002 206 99.88
458 MF  stamped GY 69.02 2230 256 050 031 021 337 058 003 003 1.04 99.95
459 F stamped WH-GY 69.42 2193 229 042 025 028 370 055 003 003 098 99.88
502u' F stamped WH-GY 6725 2311 259 047 028 031 339 064 003 003 1.97 100.07
Average 68.62 2262 250 046 030 029 347 060 003 0.03 99.97
Standard deviation 0.89 045 0.6 004 0.06 005 0.16 006 000 001 0.08
CHW3-L

460b MF stamped BE-BN  68.48 20.71 3.45 0.74 052 045 340 070 0.03 003 126 99.77
(6936 2097 349 075 053 046 344 071 0.03 0.03)

461b MF stamped BE-BN  66.96 19.86 272 0.51 052 022 349 0.60 002 004 5.12 100.06
(70.57 2093 287 054 055 023 3.68 0.63 0.02 0.04)

462 F stamped BK-GY 69.15 21.39 347 054 027 015 353 071 002 003 043 99.69

463 F stamped WH-GY 69.77 21.53 3.00 054 033 017 359 0.65 002 004 039 100.03

503u F stamped BN-GY 67.42 2152 328 073 042 043 343 079 003 004 144 9953

504u  MF stamped GY 68.82 21.18 325 0.66 043 041 338 069 0.03 004 1.10 99.99

Average 69.18 21.25 323 0.63 042 031 351 070 0.03 0.04 99.85

Standard deviation 105 027 025 010 011 014 0.11 006 0.01 0.01 0.21
CHW2-8

464b MF stamped BE-BN  68.13 20.74 390 0.77 031 037 3.04 081 003 005 167 99.82
(6929 21.09 397 0.78 032 038 3.09 082 0.03 0.05)

465b MF stamped RE-BN  65.14 19.27 539 0.89 081 061 295 0.63 003 006 3.90 99.68
(67.79 20.05 561 093 0.84 063 3.07 0.66 0.03 0.06)

466 F stamped GY 68.75 21.80 3.46 0.80 041 052 331 079 003 005 0.13 100.05
467 MF  stamped BN-GY 68.32 20.70 4.17 098 053 0.67 3.10 095 004 005 035 99.86
468 F stamped GY 7035 19.98 353 0.80 037 043 3.09 080 002 0.05 0.69 100.11
5050 F stamped BK-GY 69.22 20.07 371 083 035 057 321 083 004 004 1.15 100.02
506u MC  stamped GY 69.25 20.19 3.57 094 043 070 329 078 004 005 060 99.84
Average 69.00 2056 4.00 0.87 046 056 3.17 0.80 003 005 99.91

Standard deviation 0.82 068 075 008 018 012 010 009 001 001 0.15
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Table 2(a). Continued

Sample . Decora- . Oxide concentration (wt.%)"

Texture B Color’
Number tion Si0, ALO, Fe,0¢ MgO CaO Na,0 K,0 TiO, MnO P,0; LOI® Total
CHW2-6

472b MF stamped BN-RE 6549 2138 470 101 072 155 292 092 0.04 007 1.17 99.97
(6627 21.63 476 102 073 157 292 092 0.04 0.07)

473b MF stamped BE-BN  64.82 21.82 445 0.89 056 181 243 095 0.04 0.06 165 9948
(6591 2219 453 091 057 184 247 097 0.04 0.06)

474 F stamped BN-GY 6845 1925 357 0.73 053 138 285 079 0.03 003 235 9996
475 MF stamped BK-GY 6749 21.05 4.14 1.00 078 1.13 3.01 084 0.04 007 049 100.04
476 F stamped BK-GY  69.30 20.56 3.63 0.65 053 143 286 0.76 0.03 004 029 100.08
507u MC stamped BK-GY 70.02 1926 324 (098 048 0.62 3.10 0.82 0.02 006 0.17 98.77
508u F stamped BK-BN  65.08 21.76 4.58 096 063 261 230 090 0.04 0.07 102 99.95
Average 67.50 20.81 4.06 0.89 0.61 151 279 0.86 0.03 0.06 99.75
Standard_deviation 1.84 119 059 014 011 062 029 0.08 0.01 0.02 0.48
CHW2-3

478b MF stamped BE 68.71 19.00 271 0.72 0.65 125 339 0.71 0.03 0.04 247 99.68
: (7046 1948 278 0.74 0.67 128 348 073 0.03 0.04)

47% MF stamped BE-BN  67.46 19.21 435 0.70 0.65 128 3.01 080 0.03 004 205 99.58
(68.88 19.61 444 071 0.66 131 3.07 0.82 0.03 0.04)

480 MC stamped WH-GY 72.79 17.25 296 0.96 046 0.66 3.03 0.75 0.02 0.06 0.78 99.72

481 MF stamped GY 70.17 1947 271 0.73 0.65 131 353 0.69 0.02 0.03 048 99.79
482 F stamped WH-GY 74.51 1623 256 0.82 045 047 3.38 070 002 005 033 9952
509 C stamped GY-BE  74.00 16.54 276 0.82 036 045 316 072 002 005 108 99.96
Average 71.80 18.10 3.04 0.80 0.54 091 327 0.73 0.02 0.05 99.71
Standard_deviation 229 1.60 070 0.09 0.3 043 021 0.05 0.01 0.01 0.16
CHW2-2

486b MF ND YL-BE 6358 2390 339 094 074 205 214 089 0.02 0.03 2.02 99.70
(6489 2439 346 096 076 2.09 218 091 0.02 0.03)

487b MF ND BR-RE 6511 2313 320 0.79 0.74 2.01 240 0.77 004 0.04 129 99.52
(6597 2343 324 080 075 240 243 0.78 0.04 0.04)

488 MF BWS GY-BN 6734 20.81 256 067 078 273 259 063 0.03 005 139 99.58

489 MF BWS GY 66.51 21.70 307 075 088 249 268 0.73 0.03 0.04 051 99.39
490 MF BWS GY 65.63 21.82 384 087 140 257 248 075 0.03 0.03 050 9992
Average 66.07 2243 323 081 091 238 247 0.76 0.03 0.04 99.62
Standard deviation 092 145 047 011 028 030 0.19 0.10 0.01 0.01 0.20
CHH
312u  MF stamped GY, BE 6899 2131 290 0.69 037 051 372 0.63 0.03 0.03 031 9949
313 F stamped GY 68.87 2260 228 054 027 044 332 068 0.02 0.03 037 9942
’Abbreviations

Texture: F-fine, MF-medium fine, MC-medium coarse, C-coarse texture.

Decoration: ND-no design, BWS-brushed whiteslip

Color: BE-beige, BK-black, BN-brown, GY-gray, RD-red, WH-white

"The powder of only body, whose glaze had been polished off, was mixed with flux, lithium tetraborate. This mixture
was melted in a platinium crucible and made into a bead for XRF measurement.

°Fe,0; represents the total amount of Fe which might be in the form FeO as well as Fe;0s.

L.O.L: Loss of Ignition

‘b: Bisquit sherd that is unglazed and fired only once.

fu: Unglazed sherd like bisquit sherd but fired more than once. Such sherd could be from a container or plate which
held or supported glazed wares in their second firing step.

1998, Vol. 42, No. 3



256

FRB - mEE

Table 2(b). Body characteristics and compositions of Ch unghyodong Whiteware and sagger

Sample _ Decora- ) Oxide concentration (wt.%)"
Texture® . Color" p
Number 0n i0, AlLO; Fe,0° MgO CaO Na,0 K,0 TiO, MnO P,0; LO.L‘ Total
CHW2-8
469b F ND YL-WH 5664 3470 152 065 0.19 0.12 430 039 0.02 005 138 99.96
(5743 3519 154 066 0.19 0.12 436 040 0.02 0.05)
470 F ND WH-YL. 57.68 31.86 1.02 044 008 024 6.07 023 0.04 005 1.82 99.53
471 F ND BE-WH 6351 2727 094 035 006 013 591 008 002 003 1.69 99.98
Average 59.54 3144 1.17 048 0.11 0.16 545 024 003 0.04 99.83
Standard deviation 344 397 033 016 007 007 094 016 001 0.01 0.26
CHW2-6
477 F ND BE-WH 57.03 3505 1.03 028 006 005 456 0.10 002 0.04 176 99.98
CHW2-3
483 F ND GY-WH 6218 2759 093 041 035 249 500 006 005 0.04 056 99.66
484 MF ND GN-WH 59.17 3020 1.72 038 049 351 3.02 006 006 0.05 091 9957
485 F ND GY-WH_60.24 2942 096 068 022 051 692 021 005 004 039 99.64
Average ‘ 60.53 29.07 1.20 049 035 217 498 0.11 0.05 0.04 99.62
Standard deviation 1.53 134 045 017 0.14 153 195 009 0.01 0.01 0.05
CHW2-2
491 F ND WH 5860 31.30 095 043 038 262 398 0.07 003 003 131 99.70
492 F ND WH 60.21 2961 083 036 020 202 513 004 005 004 121 99.70
493 F ND WH 60.85 2835 093 034 034 296 466 0.03 003 004 123 99.76
494 F ND WH 61.15 28.09 0.86 033 034 298 473 003 0.03 004 1.13 99.72
Average 60.20 2934 089 037 032 2.65 4.63 0.04 004 0.04 99.72
Standard deviation 1.14 147 006 005 0.08 045 048 0.02 001 0.00 0.03
CHW3-H
495 F ND BE-WH 5821 3221 083 046 028 1.72 4.87 004 005 003 099 99.69
496 F ND GY-WH 6021 2864 119 039 028 260 500 0.04 006 005 1.10 9956
497 F ND GY-WH 6036 2991 091 032 0.15 197 4.80 005 003 0.05 1.00 9955
Average 55.59 30.25 098 039 024 210 489 0.04 005 0.04 99.60
Standard deviation 120 1.81 019 0.07 0.08 045 0.10 0.01 0.02 0.01 0.08
CH-§
499 C GY-BN 67.02 22.19 328 085 058 072 3.04 095 002 0.04 033 99.02
500 MF GY-BK 67.21 2034 484 115 0.69 092 3.07 069 004 007 0.00 99.02
501 MC BK-GY 68.78 20.00 350 0.68 052 109 3.80 074 003 0.04 0.00 99.18
Average 67.67 2084 387 0.89 0.60 091 330 0.79 003 0.05 99.07
Standard deviation 097 118 084 024 0.09 019 043 0.14 0.01 0.02 0.09
CHH
309 F ND WH 59.96 29.62 1.07 034 026 243 496 0.06 006 004 049 9923
310 F ND WH-BE 56.51 33.85 0.73 029 0.08 099 469 003 0.03 0.04 1.61 98.85
311 F ND WH 5863 3195 091 033 023 195 476 0.04 005 005 030 99.20
314 F ND WH-BE 58.01 3247 0.82 032 023 233 403 0.04 0.03 004 0.62 98.94
Same notes as Table 1(a)
& AAT F, £hA] 950°CellA] 4001 A7 3 93] Fo] A E 35cm, T 04 ecmAE] Y
Al 59} 8-4-Al(di-lithium tetraborate, spectromelt A B A F(bead)E "HEo] EA3}c). nlEk)
1000, Mercky5 1:52 33 A& WgFeridel ¥ 4842 ICP-MS(VG Elemental, PQ2 Plus)Z o] ¢
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fgi)e] Auwlapeliz ofabo] thErt iyt AAj7A|
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& ehdch ! ALOsEH k] F 73Sl As} A
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EollA] 83 Az E Zolrh e EANA S-gA
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EAET} )5 3E e

EHHE FMEN O FMEEREYM. A3
Wate] e gi= AdEAlo)7t FARSHA chE2A el
Bg B mgdde EAHED g FAAE 8
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3 EARAY AR Aol FAR 1(PCL} FAE-
2(PC2)e ]}
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Fig. 2. (a) Principal component analysis of major com-
position of Ch'unghyodong Punchong body. (b) Distri-
bution of factor loading in the principal component analy-
sis of major composition of Ch'unghyodong Punch'ong
body.
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Table 3. Trace element concentration (ppm) of 20 punch ong sherds

449 453 455 456 457 461 462 463 464 466
Sc 18.0 17.1 133 12.6 12.2 12.1 11.9 113 17.3 17.6
Cr 825 79.5 54.7 48.9 459 50.1 474 454 57.8 60.6
Co 115 12.3 4.5 4.8 4.7 6.4 5.7 6.8 9.9 8.9
Ni 334 33.6 18.1 16.7 153 15.4 16.6 15.6 225 23.0
Cu 254 24.1 16.5 19.0 12.7 13.6 14.9 12.6 18.7 18.6
Zn 128.1 101.1 974 104.7 103.6 90.7 86.3 86.1 105.1 115.2
Ga 53.8 473 55.1 55.9 54.1 51.8 50.6 493 48.9 49.6
Rb 165.2 170.6 200.3 217.6 226.5 203.9 203.2 205.8 177.9 186.8
Sr 1915 140.8 104.7 77.9 72.2 103.6 713 81.6 89.5 106.8
Y 27.6 349 221 259 23.8 19.0 19.0 20.8 26.8 35.0
Zr 103.0 121.6 86.6 99.3 74.0 95.9 74.6 67.0 65.0 89.3
Nb 7.0 14.3 229 22.0 239 18.1 17.4 15.2 14.0 155
Mo 1.6 12 1.9 13 13 1.1 0.7 0.6 0.9 23
Cd 2.7 0.2 0.3 0.2 0.6 0.4 0.2 03 0.3 0.4
Cs 7.5 8.7 7.0 7.0 6.8 6.5 74 6.8 73 78
Ba 798.6 660.3 627.4 470.3 402.1 578.2 505.0 541.5 569.1 571.3
La 45.6 53.2 37.9 38.9 34.0 32.7 279 36.5 38.7 44.1
Ce 86.1 99.3 69.2 73.0 63.9 62.5 59.2 69.0 68.3 73.9
Pr 9.9 114 85 85 7.4 75 6.0 8.0 8.8 10.3
Nd 339 40.3 29.1 30.7 25.6 26.2 205 272 31.7 36.2
Eu 2.6 1.6 1.5 1.1 1.0 1.3 0.9 11 1.7 35
Sm 6.3 72 5.0 5.4 4.9 4.6 42 53 6.2 7.4
Gd 5.6 7.1 44 4.9 4.4 4.0 3.6 4.7 53 6.9
Tb 0.8 0.9 0.6 0.6 0.7 0.6 0.5 0.6 0.8 1.0
Dy 4.6 5.6 33 39 37 31 3.1 34 4.5 5.6
Ho 0.8 1.0 0.5 0.7 0.7 0.6 0.6 0.6 0.8 1.1
Er 22 2.7 1.6 1.9 1.8 1.5 1.4 1.7 22 2.8
Tm 03 04 0.2 03 0.3 0.2 02 03 03 0.4
Yb 2.2 2.3 1.6 1.8 1.5 15 1.4 1.5 1.8 23
Lu 03 04 0.2 0.2 03 03 0.2 0.2 03 0.4
Hf 24 2.9 24 2.6 2.4 2.6 1.7 1.6 2.0 24
Ta 0.2 0.5 1.5 1.2 1.7 1.0 0.8 0.9 0.8 03
Pb 28.1 25.7 36.3 41.2 439 29.5 30.8 32.6 25.9 29.1
Th 14.7 16.1 16.2 171 16.0 153 14.6 15.8 14.8 14.4
U 29 3.6 29 3.6 29 31 34 33 2.7 22

508u7} o} =HEF oA gleiAd, 01—5—% AH Ul 9l CHBSIZE-2 Fe,059 TiOy} 3 MgO2}t
o] ohE U8R WElA 3, el EHEeZ @ Ca09] Fako] vinA] Folr FEisHA Heldo) &
o] vedal Aoz yge 5 314. CHW2-32] Fuhge| 3 FollA AP} 2R wiE s, v 3
ASE 25 63| eyl T 1FOZ vy elA Azxe] H3FEHA CHEZLFS K09 ALOyH
A, 2 929} e F9elM ZER THE Apo] o aFRc AR R £31, Fe,059 TiOy} A
Ne g Aoz} olg 4 USRS dHoE My o o] w3t " sHA E=¥c) CHE2E ) of o]
Fob. vleabdel EHeld FHR AL AR FHol oE bkl Pivn s E
14771-1483 0 & FoiglolA] ed5gke] 8 £5F  CHW3-LEHEL
o]+e] UE T AMEE Y8 g dd 4 9l ol Zleg uehgth 437lulbolx]  Alabsl

A71M e Alel wzw Br) Az FAHs e 5, TIO7} 35014

e o
a
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Table 3. Continued

468 472 475 476 478 481 482 487 488 489
Sc 17.8 18.5 18.4 14.5 129 12.6 11.2 14.9 11.4 13.3
Cr 61.9 63.8 629 62.4 53.2 52.7 67.9 50.4 38.6 452
Co 9.6 14.6 12.1 9.1 7.7 7.6 7.3 8.8 6.9 6.7
Ni 22.8 22.9 25.6 20.9 20.2 21.2 26.5 22.1 15.7 18.7
Cu 20.6 420 28.8 333 20.3 21.0 18.6 23.7 18.3 19.3
Zn 106.7 112.8 114.6 102.2 78.6 89.5 80.4 80.9 63.8 65.0
Ga 52.1 53.5 48.7 498 47.0 46.1 44.0 54.8 45.0 50.0
Rb 185.6 159.0 170.6 163.3 164.3 180.6 171.3 134.3 134.3 1213
Sr 101.2 137.5 112.9 129.5 131.6 137.5 108.7 126.3 123.1 139.8
Y 339 36.6 38.0 315 28.6 32.0 31.2 29.3 25.9 30.6
Zr 76.8 88.6 96.9 133.1 109.1 107.3 103.2 134.3 123.1 141.0
Nb 29.6 18.0 17.7 0.7 15.1 16.0 17.4 17.7 11.7 15.7
Mo 0.7 0.7 1.1 2.0 0.6 0.8 0.7 14 0.6 0.7
Cd 0.3 0.2 0.3 03 03 0.1 0.08 0.2 0.3 0.1
Cs 6.5 6.1 7.3 6.6 6.1 6.4 6.1 55 54 5.1
Ba 590.4 681.7 675.1 691.7 840.4 773.6 804.7 849.4 661.2 839.9
La 43.6 53.0 522 54.1 53.0 50.6 503 534 431 51.1
Ce 77.2 92.1 92.8 96.4 95.1 91.6 89.4 97.7 86.3 96.0
Pr 9.9 11.7 11.7 115 114 10.9 10.4 10.7 9.1 10.5
Nd 36.2 411 41.6 41.2 393 37.9 36.2 37.6 318 34.8
Eu 1.5 2.0 1.7 1.4 1.5 1.4 1.3 1.8 1.3 1.6
Sm 6.5 7.9 8.1 74 6.9 7.0 7.0 6.7 5.5 6.4
Gd 32 6.9 7.6 6.2 6.1 6.2 6.1 5.6 5.0 5.7
Tb 0.8 1.0 1.0 0.8 0.8 0.9 0.8 0.7 0.7 0.8
Dy 4.7 5.9 5.7 4.9 4.8 4.8 4.9 45 3.8 4.8
Ho 0.9 1.0 1.1 1.0 0.8 0.9 0.9 0.9 0.7 0.7
Er 2.5 2.9 2.8 27 2.6 2.4 2.7 2.4 23 2.5
Tm 0.3 0.4 04 0.3 0.3 0.3 0.3 0.3 0.3 04
Yb 2.0 23 2.7 2.1 2.1 2.4 2.2 2.4 2.2 25
Lu 0.3 0.4 0.4 0.3 0.3 04 0.3 0.4 03 0.4
Hf 2.0 22 2.0 2.9 24 2.6 2.4 3.0 2.6 31
Ta 0.4 0.7 1.0 0.06 11 1.0 0.9 1.2 0.6 0.7
Pb 25.7 27.4 28.7 29.5 29.7 335 29.6 293 26.9 23.8
Th 13.0 15.8 17.8 16.3 175 17.3 16.8 20.5 17.9 193
U 2.1 34 3.2 3.9 3.8 34 2.8 5.2 4.8 4.9

= ALOs= ol 25 M2 e aF-& A4S
et CHW2-2= 2+ W2 Follx] e =gl on) o}
£ 7htellA o A A=, oleigt Ajolrt A
Fo M vehta dxsHA B2 =it A7 HE
QshEolA 2AF E AYTORE v Yz}
o} o] ALOy} Folglov), 243 ¥ LA
WxER] Balo] 2}3}7) A o] Fo{x]|x] L 24 &
3 Aol Mzl2 Watw e FHAlA
HAE el ole). AR 79 S E &
& e FohhES 4 5§ 9-& CHE29} CHW3-L
of ztzb A RejElnz, ol&e ARFAe]

0
JELTE_‘E
e

CHE2¢2} CHW3¢} 2H2- 72 2 FA48 & 5= olch.
BHEE| DIZME0 et FHEEM. Table
3= ICP-MSE 0|43 rledad ¥-3t& Aok
ICP-MSef| 2% vl o] 32 IR g 5
AFaled 2L 287t HEL B dT7dE 33
208l gl wlEpd Rk AR vlarste] o
89 5A4& £ o] AA8] dotr A} sydck. FA
¥ 154 200 2% 2] AR k= 50.5%9) 18.5%%
AR 69.0%53-27, o] 5& Fig. 3o vehic}
255 R & elFeix gledl, CHE29
CHW3-L| 7 150] 72| 2] E2l=]x glr}. o]
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Fig. 3. Principal component analysis of trace elements
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T LEE Table 104 B ARrvtE o2y 4]
71% ol A9 Aol7} gl og viehta 9o
A, ZE 2Fes geldchs AL A5 g
AHAZA, vl SRl 53 Ak 29
°] F ¥ tE vt ARt gl et 2 A
Zlol A== L TFe & BolEeh e 24
dlMe o] 7 gl E2iF glov e aFE
ol wjstel A2 7hte] gle Aes et gl
meba o] 3 258 L Ak 9] FoB Az
ot dge] AHd} HE2AES JelEie
ALR FEH &, CHE22] AL o % 94T
SN el A AR o 2 2ER 13
Zhetoll A Wzt F2 fAe FEste aFEE

Table 4(a). Glaze characteristics and compositions of Ch'unghyodong Punch’ong

Sample Crackled Color* Thickness® Oxide concentration (wt.%)b )
number  state® (um) Si0, ALO,; Fe,0; MgO Ca0 Na,0 K,0 TiO, MnO P,0, Total
CHBS
451 O GY-GN  150-425 A 5237 1496 197 1.72 2394 0.70 293 025 000 1.12 99.96
452 A BN-GN 100-200 @ 5852 1421 220 192 18.09 0.81 252 023 008 073 99.30
453 O  BK-GN 275-500 A 53.87 1698 1.73 1.86 19.23 0.62 4.60 0.00 000 051 99.40
454 A GY-GN  150-500 A 5696 12.79 142 1.78 21.73 0.66 3.12 0.10 0.00 0.76 99.32
Average 5543 1474 183 1.82 20.75 0.70 329 0.15 0.02 0.78 99.49
Standard deviation 281 175 033 009 261 008 091 0.12 0.04 0.25 0.31
CHE2
456 O  WH-BE 125-350 A 6533 1485 143 146 1061 131 384 0.00 0.15 0.55 995
457 X WH-GY 100-175 e 67.18 1370 1.07 1.04 744 130 649 000 0.09 037 9868
458 o GY 75-200 @ 66.37 1450 152 1.66 1017 1.07 422 005 025 055 100.35
459 X  WH-GY 50-250 ® 65.54 13.67 098 1.68 11.83 1.23 443 0.00 0.09 048 99.93
Average 66.10 14.18 125 146 1001 123 474 0.01 0.14 049 99.62
Standard_deviation 085 059 029 030 1.85 0.11 1.19 0.03 007 0.08 0.71
CHWS3-L
462 X WH-GY 125-225 @ 63.00 14.01 155 1.88 1341 0.72 4.73 0.00 020 0.51 100.02
463 O GN-GY  50-250 @ 6227 1376 1.10 217 15.16 096 4.18 0.14 0.09 0.72 10056
Average 62.63 13.890 133 2.03 1428 084 446 0.07 0.15 0.61 100.29
Standard deviation 051 018 032 020 124 016 039 0.10 0.08 0.15 038
CHW2-8
466 O GY-GN 175300 A 6239 1323 1.69 198 1388 1.03 3.83 0.07 026 0.84 9920
467 O GN 225-300 A 61.78 1434 143 196 1334 131 4.14 0.16 0.00 076 99.22
468 O GN-GY  325-500 A 60.39 13.03 121 190 17.60 1.16 3.75 0.06 031 0.89 100.32
Average 61.52 1353 144 195 1494 1.17 391 0.10 0.19 0.83 9958
Standard deviation 1.02 070 024 0.04 232 014 021 0.06 0.17 007 064
CHW2-6
474 ¢} GY-GN 50-225 @ 58.12 1417 1.04 201 18.12 1.77 3.19 0.16 028 1.12 99.99
475 e} GN-BN  25-200 @ 5649 1274 133 239 1870 173 3.12 0.00 023 142 9815
476 @] GY-GN_ 25-125 @ 60.73 1357 159 2.19 15.03 1.75 287 0.00 031 090 9893
Average 5844 1346 132 223 1757 175 3.03 005 030 1.16 9931
Standard deviation 216 077 027 024 231 001 016 009 002 028 0.9
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Table 4(a). Continued

Sample  Crackled Color® Thickness® Oxide concentration (wt.%)" .
number state® (umy) Si0, ALO; Fe,0, MgO CaO Na,0 K,0 TiO, MnO P,0; Total
CHW2-3
480 X BE-GN 100-150 e 5931 17.62 125 137 1325 1.10 454 000 0.10 0.58 99.10
481 O  WH-GY 100-250 ® 6029 1496 125 186 1446 193 341 0.00 031 098 9945
482 O BE-GN 100-150 @ 61.08 1350 106 211 1447 1.07 5.12 0.00 025 1.04 99.70
Average 6022 1536 1.19 178 1406 137 435 0.00 0.22 0.86 99.41
Standard deviation 089 209 011 038 071 049 087 000 011 025 0.31
CHW2-2
488 O, X GN-WH 150-325 A 64.05 1276 0.89 230 1438 233 231 0.00 029 0.66 99.99
489 O, X WH-GY 75-200 @ 6238 13.08 148 1.88 1493 235 248 0.10 012 100 99.79
490 O, X WH-GY 90-175 ® 6259 13.04 134 217 1379 220 249 0.00 0.19 1.14 9896
Average 63.01 1296 137 212 1437 229 243 003 020 093 99.71
Standard_deviation 091 017 031 021 057 008 010 0.05 0.09 025 053
*Abbreviations

Crackled state: O -finely crackled, A\ -roughly crackled, X -not crackled.
Color: BE-beige, BK-black, BL-blue, BN-brown, GN-green, GY-gray, WH-white.
Thickness: ® -thin (average value below 200 um), A-medium (200-400 pm), m -thick (above 400 pm).
"A cross-section of the sherd, mounted in epoxy resin, was polished for EPMA measurement. The average of 4-6 dif-
ferent measurements is reported for each sample. The size of each measured area was 48 X 36 (um)2 or 34 %25 (um)z.

Table 4(b). Glaze characteristics and compositions of Ch'unghyodong Whiteware

Sample  Crackled Color’ Thickness® Oxide concentration (wt.%)"
number state” (um) Si0, AlLO; Fe,0, MgO Ca0 Na,0 K,O0 TiO, MnO P,0; Total
CHW2-8
470 o0  YL-WH 50-75 @ 58.49 1582 1.00 1.86 1526 056 545 0.00 038 0.77 99.59
471 O GN-WH 100-200 @ 61.55 15.02 1.15 1.64 1124 059 6.47 007 026 089 98.88
Average 60.02 1542 1.08 1.75 1325 058 596 0.03 032 0.83 99.24
Standard_deviation 217 057 011 045 284 0.02 0.72 0.05 0.09 0.09 0.50
CHW2-6
477 O BE-WH 25-50 @ 62.87 1678 1.28 1.27 813 022 695 0.00 0.00 0.51 98.02
CHW2-3
483 X GN-WH 125-200 @ 65.61 1259 1.00 1.83 11.17 224 443 0.00 0.00 0.00 98.88
484 O GN-WH 75-100 @ 60.73 13.57 159 2.19 15.03 1.75 287 0.00 031 0.89 9893
485 O GN-WH  50-200 ® 67.64 17.19 092 0.46 3.33 438 4.11 000 0.07 020 9830
Average 64.66 1445 1.17 149 9.85 279 381 0.00 0.13 036 98.70
Standard_deviation 355 242 036 091 596 140 083 000 0.16 047 0.35
CHW2-2 .
491 X  GN-WH 150-175 @ 6586 1733 147 180 556 294 457 013 0.11 0.18 99.93
492 O GN-WH 75-260 @ 67.44 1686 125 136 4.56 229 6.11 0.00 0.00 0.00 99.87
493 O BL-WH 125-175 @ 65.89 12.82 1.06 197 10.39 274 499 0.00 0.13 0.30 100.29
494 O  BL-WH 150-250 A 66.89 14.25 0.78 1.12 747 321 6.90 0.00 0.00 0.00 100.61
Average 66.52 1531 1.14 156 6.99 279 564 0.03 0.06 0.12 100.17
Standard deviation 078 214 029 039 257 038 1.06 0.06 0.07 0.15 0.34
CHW3-H
495 O  BL-WH 175-225 A 66.87 14.15 096 0.76 11.31 150 443 0.00 0.00 0.00 99.98
496 X  GY-WH  75-150 e 5992 1520 135 195 17.07 155 246 0.12 0.11 0.92 100.65
498 O GY-WH 75-150 @ 6271 2020 1.69 133 587 213 4.03 000 0.09 0.18 98.22
Average 63.17 1652 133 135 1142 1.73 364 0.04 0.07 037 99.62
Standard_deviation 350 323 036 060 560 035 1.04 007 006 049 1.25

Same notes as Table 4(a)
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o], CHW3-L—3— % o EHA Aoz Azt
P& AL FAHY 4= glrk 2 A7]ol AHEE =
5o oA 211 g Ao g xRgalol-s
Ao A7t 4= glr}

el THAIE MA. fefke] A, A3 A
o 7HAAA SR FAAEEAANE 1A 9
42 ey 242} Table 4(2)2k (b)) Vb St
oFo) Tl =2 200-400 ume] E7F5A o) &b
Aol BlE AR 100-200 umE oFE ol &3}
o} ole AEE oM AT HEA A7 AT
HE 2o} 3 wolA sl o] fellA 7t ot
Z2gc}h, 2-ZAbel (crackled statey= -§-eke) Al &
o] wU3A A & P& oxF FAFI, Bt
AsHA vk X7 AMF AckEA el s
£ AR ZAENY 221 E Waste A4
1000 °Co)4ke] & 22717 S cbv) A3 A4
oA HES} fofe] daARdAsr) vhE Axst &
73S0l W&o m 83| A3)A] ¢okg o st
T AR 4o Ale oot wEks A A
t2t Al g8 Fol W) FaFe FA Y] o
ol FUd 3] alow frofat e Ee] 9
A7t Bol EE A FE3) foke A
< A3 Hetge ofs ‘ﬂé*l 7heke] 7)ol @
2} o] #-9¢%c} CHBSSY CHW2-6& BN-GN}
GN-BNo. & o] &3, 7Ho] = o] xHEN v|iL
& u] CHE29} CHW2-2¢] WH-GY$} 7+ uhe. A1
o EHELS AAEo] A He} lE9]7]6lA
HEEYSE 358 5 Ut

EAfwofal yxiwere| MEH|w. A3 wiat
freke] A A 1 & Aol dE 444 4

e Ca0, K;0, Na,0,
Fe,0; 52 Adigake] Hatel vl #9tom CaO/
K,02] ko] ol =t Aldf-<K(lime glaze)ol] <3}
v, AR L 2 K0zke] 2 Wizl oot elslAl
d-f-ok(alkali-lime glaze)ol2t & 4 9lct. Wb
A} AAAoldl & Holw glalov), B EddA e}
Zro] NagOgko] 7 szl A 5t 34T}

o2 AT WAL froke A FAE 1094
AbE}-E-of "*HF]"’:] TR s FAAE
A7} Qojzl FAR 13 20]th

Pi;=—0.180z;(Si0;) — 0.092z;(A1,03) + 0.129z;
(Fe,03) + 0.170z;(MgO) + 0.2012;(Ca0)
— 0.110z(Na,0) — 0.1492(K,,0) + 0.111z(TiO,)
+ 0.092z(MnO) + 0.191z(P,0s) o)
P;» = 0.180z(Si0,) — 0.330z(A1,05) — 0.299z(Fe,03)
+0.210z(MgO) - 0.041z,(Ca0) + 0.186%;
(Na,0) - 0.057z;(K,0) - 0.2932;(TiO)
+0.384z(MnO) + 0.119z(P,05) (6)

FAR 10] 45.9%, 18|31 FAE 27} 17.8%2A] F
J &l 93 AALHEE 63.7%% ). Fig. 4a)el
Yehd FAEEN Aae 34 A 25, & Fe,059
Ca0o] F3 ALO;, Si0;, K07} ¥ 324 & Wzl
5, HEoME of2 253 XA 2eld Ul-7]
H Aol 717 WAE CHBS =HE, 183 W24
Ao FARFer Feld 4= glok. CHBSE Fe,03

Table 5. Factor matrix and communality of punch ong and whiteware

Body (Pungch'ong)

Glaze (Punch’'ong and Whiteware)

Variable Principal Principal . Principal Principal .
Component 1 Compongnt 2 Communality Compongnt 1 Compongnt 2 Communality
SiO, -0.571 0.777 0.929 ~0.825 0.320 0.782
ALO; 0.009 -0916 0.840 -0.420 -0.587 0.521
Fe,0, 0.772 0.165 0.624 0.592 ~0.533 0.635
MgO 0.815 0.479 0.894 0.781 0.374 0.749
CaO 0.834 -0.019 0.695 0.921 -0.073 0.853
Na,O 0.704 -0.327 0.602 -0.505 0.332 0.365
KO ~0.904 0.083 0.824 -0.682 -0.102 0.475
TiO, 0.818 0.311 0.765 0.511 -0.523 0.534
MnO 0.421 0.683 0.644
P,0s 0.876 0.211 0.812
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Fig. 4. (a) Principal component analysis of major com-
position of Ch'unghyodong Punch'ong and Whiteware
glaze. (b) Distribution of factor loading in the principal
component analysis of major composition of Ch'unghy-
odong Punch'ong and Whiteware glaze.
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