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ABSTRACT The purpose of this study was to compare the chemical properties of white soil and refined
clay sediment, which are produced early in the refining process. The characteristics of the white wares
made at the kiln site in Goseong-ri, Chuncheon were also examined. Three groups of materials were
examined: white wares excavated from the white wares kiln, raw material from white soil collected
from the surface, and a refined clay sediment group. There were also three analysis methods, which
were a main components analysis, a trace components analysis, and a mineral analysis. The main
components analysis found that the white wares clay was in the RO,4.04~4.28 and the RO + R,0
0.30~0.31 mole areas, which were similar to the results for the refined clay sediment. However, the
refining process used to produce better quality white wares meant that the large differences in the early
white soil raw material appeared in the refined sediment. The mineral phase analysis showed that the
crystals detected in the early white soil raw materials and refined clay sediment were almost identical.
However, quartz and mullite mineral phases, which can occur above a certain temperature, were detected
in the excavated white wares clay. Rare earth elements that were not affected by the pottery making
process and the weathering of clay materials were found to have the same origin in all three groups.

Key Words White wares kiln in Goseong-ri, White wares, Principal components analysis, Trace elements
analysis, Mineral phase
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Table 1. Characteristics of white wares and materials selected in this study

Sample Ty Color Design
number Body Glaze Inscription Crackled state
cg-1 WT-BE WT-GY x x
cg-2 . WT-BE WT-GY X X
c§-3 White ware WT-BE WT-GY x x
cg-4 WT-BE WT-GY x x
cg-white Soil WT-BE(B)
cg-rm Clay WT-BE(D)
Abbreviation

color®: WT-white, GY-gray, BE-beige, B-bright, D-dark

cg-white including sample 1,2,3 cg-rm including sample 1,2,3 cg-1

cg-2 cg-3

Figure 2. Pictures of white wares and materials selected in this study.
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Table 2. Chemical composition of white wares and materials analyzed by XRF

Sample Oxide concentration (wt%o)
number SiO,  ALO; Fe03 MgO CaO NaO KO TiO, MnO P,Os Total
Group 1. Goseongri kiln white wares
cg-1 66.1 249 206 029 058 018 558 0.06 0.08 0.03 99.86
cg-2 656 253 200 030 060 021 541 005 0.07 0.03 99.57
cg-3 655 255 1.99 029 045 017 569 007 008 003 99.77
cg-4 65.0  26.1 1.92 032 063 020 551 0.07 0.08 0.03 99.86
Average 65.55 2545 199 030 057 0.19 555 006 008 003 99.77
Standard deviation 045 050 006 001 008 002 012 001 0.01 0.00
Group 2. White soil in Goseongri kiln site
cg-white 1 73.0 194 1.1 024 0.12 006 579 004 004 0.01 99.80
cg-white 2 73.1 19.2 1.0 029 013 005 571 039 006 001 9994
cg-white 3 73.0 192 1.0 027 012 006 578 004 005 001 9953
Average 73.03 1927 1.03 027 0.2 006 576 016 005 0.01
Atandard deviation 0.06 012 006 003 001 001 004 020 0.01 0.00
Group 3. Clay in Goseong-ri kiln site
cg-rm 1 637 275 203 044 028 006 569 011 0.06 0.04 9991
cg-rm 2 63.6 276 201 046 027 008 567 012 0.07 0.04 99.92
cg-rm 3 635 274 203 045 026 007 568 010 0.06 0.04 99.59
Average 63.60 27.50 2.02 045 027 0.07 568 0.11 006 0.04
Standard deviation 0.10 010 0.01 001 001 001 001 001 0.01 0.00
0.50
0.45 |
0.40 |
N L og-1~4 cg—lflhite 1~3
é 0.30 | *e
2,1 0.25 CoTTYSE
é 0.20
0.15
0.10 |
0.05 |
0.00 ‘ : : ‘ . :
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RO,(mole)

Figure 3. Distribution diagram of composition according to seger formula of white ware and materials from Goseong-ri
kiln.
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Table 3. Trace elements compositions of white wares and materials from Goseong-ri kiln

El(;rgg;ts cg-1 cg-2 cg-3 cg-4 cg-white cg-rm
Rb 172.0 180.4 203.5 230.3 1824 162.2
Y 4.48 9.32 9.97 19.02 2.15 3.46
Cs 7.13 7.82 8.78 9.01 3.93 10.02
La 3.66 7.46 10.75 18.41 2.03 7.27
Ce 8.36 14.68 19.78 34.36 472 13.22
Pr 1.03 1.95 2.47 4.38 0.45 1.43
Nd 4.47 8.27 9.49 15.92 1.49 5.05
Sm 1.02 2.25 2.17 3.54 0.18 0.51
Eu 0.12 0.23 0.22 0.42 0.02 0.04
Gd 1.03 2.16 1.98 4.01 0.31 0.69
Tb 0.17 0.33 0.27 0.54 0.04 0.06
Dy 1.05 2.42 2.06 3.61 0.17 0.54
Ho 0.22 0.45 0.35 0.67 0.04 0.11
Er 0.62 1.23 1.13 1.78 0.08 0.39
Tm 0.10 0.20 0.14 0.26 0.04 0.04
Yb 0.65 1.34 0.86 1.67 0.18 0.34
Lu 0.08 0.18 0.11 0.21 0.03 0.03
Pb 40.61 34.21 40.50 43.38 44.34 33.13
Th 6.68 10.12 10.81 20.33 2.46 3.62
U 4.20 3.36 4.35 4.16 2.43 2.99
Ba 226.2 153.8 1322 211.2 243.9 105.3
Mn 535.2 432.0 401.0 516.1 334.1 276.7
Sr 12.8 19.2 12.3 29.6 7.5 10.1
Co 42.89 108.44 58.84 479 0.25 1.01
Cr 4.71 7.85 6.55 6.26 3.45 6.55
Cu 3.53 3.97 3.10 1.18 1.59 1.76
Ga 26.41 25.81 27.32 27.1 18.26 27.02
Li 16.17 15.25 13.88 18.21 15.51 14.76
Ni 3.61 5.64 4.43 1.65 1.58 2.41
P 110.7 114.6 113.7 110.0 41.7 130.9
Sc 2.06 3.72 4.36 5.07 2.38 3.46
v 6.72 9.07 7.51 7.30 4.06 7.2
Zn 65.23 60.37 65.61 62.82 45.65 78.79

Zr 33.42 42.18 46.2 42.1 46.68 127.83
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Figure 4. Distribution diagram of CaO-Sr(A), K,O-Rb(B) of white wares and materials from Goseong-ri kiln.
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Figure 5. Normalized variation diagram showing rare earth elements pattern of white wares and materials from Goseong-ri kiln.
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Table 4. The results of minerals composition analytical samples using XRD

Sample Quartz Mullite Microcline Muscovite Sanidine Anorthite Antigorite
number &
cg-1 * *
cg-2 * *
cg-3 * *
cg-4 * *
cg-white * * * * * %
C g_rm * % * % %

t_‘_,_f"\’ -_m \N'WJ\WAMM'JLJM,MM,_MVQ,Q

M
d / . -3
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Figure 6. X-ray diffraction pattern of analytical samples for analytical samples using XRD(Q: Quartz, M: Mullite, Mi:
Microcline, Mu: Muscovite, S: Sanidine, An: Anorthite, At: Antigorite).
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