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ABSTRACT This study is examined the beads excavated in the Sacheon Neukdo ruins to investigate the features of
archaeological chemistry and to compare those of the same type of beads excavated within the Gyeongsang-do area
by means of scientific analysis. The samples have been observed the micro-structures by an optical microscope and
SEM and confirmed the physical property by density measurement. Chemical property have been analyzed main
components such as flux, stabilizers, and colorants by SEM-EDS. Besides, XRD was used to identified the character-
istic materials of beads. The white opaque beads, which was initially estimated as sea-shell beads, confirm as amor-
phous silica material. The glass beads, which are blue type as a result of compositional analysis, it is revealed potash
glass group and LCA(Low-CaO, ALOs) system. gB ones are revealed only in LCA-A(LCA-CaO<ALOs), while pur-
ple blue ones in LCA-B(LCA-CaO>ALGs).
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(b) Excavated beads(V-2)

() Excavation site(IV layer)

Figure 1. The remain status and excavated beads by layers of Neukdo.
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Table 1. The characteristics and density of samples analyzed in this study.

Sample Site Position Kind of Type® Color Air Surface Crack Density Material
Number sample (Transparence) bubble® state’ state’

nkad-1 A white(X) L-B GD X 1.06

nkd-2 Seashell®) white(X) LB @D X 127 Unknown
i A bk LB SW X 13

nkd-4 V-25&: 1202 A [t-PB(0) L-S M-W A 2.08

nkd-5 HEAES) S22 sH A [t-PB(0) L-SL-B M-W [ 2.31

nkd-6 Glass bead A PB(A) M-S,LB SW ® 229  Akali glass
nkd-7 A gB(A) M-S SW X 233

nkd-8 A BG&) LS8 MW e 23

nkd-9 A White(X) L-B GD A 1.40

nka-10 Seashell(?) White(X) LB GD A 109 Unknown
k11 beed A Whie() L8 ) A 117

nkd-12 A [t=PB(0) L-S M-W A 227 Akali glass
nkd-13 A 1-PB(0) LS Mw A 2727 7

nkct-14 A BackDO  MS  SW A 100 Unknown
nkd-15 A PB(A) M-S,L-B GD A 2.30

nka-16 N&: 4Bz A PB(A) M-S MB GD A 2.33

nkd-17  #E@EHLE) 2 EH A PB(A) M-S,L-B M-W A 222

nkd-18 A PB(A) M-S S-W A 2.28

nkd-19 A -PB(A) M-S,L-B M-W ] 2.20 .
kd-20 Glass bead A PRI M-SL-B MW o 295 Alkali glass
nkd-~21 A PB(A) L-S,L-B SW A 2.25

nkd-22 A G(A) L-SL-B S-W [ 2.31

nkd-23 A B(A) LS SW A 2.28

nkd-24 A BG(&) L-S M-W [ 2.38

a ! Abbreviations
Type : A; Annular bead

Color : It-PB; light Purple Blue, PB; Purple Blue (Co-Blue), gB: pale Green Blue (Cu-blue), BG: Blue Green

Transparence : O; Transparent, A; Translucent, X; Opaque

Air bubble : L-S; Little Seed, M-S; Much Seed, L-B; Little Blister, M-B; Much Blister
Surface state - GD; Good Surface, S-W. Small Weathering layer, MAW; Much Weathering layer

Crack state : X: No crack, A: Some crack, ®: Serious crack
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Table 2. The colors and compositions of the samples analyzed in this study.

Sample Site Color* Oxide concentration{wt.%)
Number (Transparence)  Si02 Na20 K20 Ca® AkROs  MgO Cl Ti0z MnO Fe203 CuQ  Total

nkd-1 V-2 Whtie(X) 728 007 044 57 122 034 007 12 12 59 0.08 100.0
15.1 0.18 0.19 1.2 18 0.15 0.09 1.4 3.0 1.2 0.23 343

nkd-2 V-2 Whtie(X) 73.8 - 053 87 1256 032 - 1.0 - 2.8 - 99.7
4.1 0.16 36 22 0.07 0.7 1.8 12.6

nkd-4 V-2 It-PB(0) 787 013 187 17 044 012 018 0.10 14 038 10 99.8
06 0.09 0.1 0.1 0.06 0.06 0.04 0.06 0.1 0.05 0.3 15

nkd-5 V-2 l=PB(0) 780 012 187 16 042 014 022 012 14 027 082 998
0.9 0.09 0.3 0.2 0.10 0.09 0.07 0.06 0.2 0.10 0.18 23

nkd-6 V-2 PB(A) 760 012 1864 15 1.1 038 024 021 1.1 11 053 887
0.3 0.14 0.1 0.1 0.1 0.04 0.02 0.08 0.1 0.2 0.1 12

nkd-7 V-2 gB(A) 801 031 146 070 16 015 015 004 029 039 20 1003
0.7 0.1 0.1 0.09 0.4 0.06 0.04 0.09 0.06 0.10 0.3 20

nkda-8 V-2 BG(A) 726 023 194 12 29 023 000 012 08 045 19 99.9
0.2 0.1 0.2 0.0 0.0 0.08 0.00 0.06 0.05 0.06 0.2 1.1

nkd-9 v White(X) 75 019 020 68 103 045 013 14 013 84 1.0 100.0
223 0.45 0.37 3.0 37 1.01 0.20 2.1 0.30 15 29 37.8

nkd-10 v White(X) 714 - 059 62 130 030 - 0.64 - 1.8 - 100.0
1.2 0.19 0.5 08 0.06 0.10 04 29

nkd-12 N t-PB(0) 784 011 171 15 038 017 021 0.13 14 023 084 1005
0.8 0.13 0.2 0.2 0.06 0.06 0.05 0. 0.1 0.04 0.19 19

nkd-13 v t-PB(0) 784 007 168 15 035 008 017 0.19 14 028 08 1001
1.0 0.06 05 0.1 0.08 0.07 0.05 0.10 0.1 0.08 0.17 2.3

nkd-14 v Black(X) 029 16 -038 926 075 20 030 -027 061 -020 35 99.6
2.00 1.1 0.64 8.4 0.94 2.0 0.42 243 1.38 0.94 33 234

nkd-15 v PB(A) 718 022 147 16 16 028 016 0.23 1.4 1.1 022 992
0.9 0.08 0.2 0.2 0.1 0.11 0.05 0.09 0.2 0.2 0.23 2.3

nka-16 v PB(A) 770 019 148 28 16 043 013 025 1.4 1.1 013 998
0.9 0.09 0.2 13 03 0.23 0.01 0.21 03 0.1 0.07 37

nkd-17 v PB(») 764 027 167 15 1.0 033 023 023 1.2 1.1 049 995
09 0.11 0.4 0.2 0.1 0.16 0.06 0.05 0.1 0.1 0.12 2.3

nkd-18 v PB(A) 776 026 169 14 094 040 027 022 1.2 1.0 044 1006
04 0.08 0.2 0.1 0.12 0.04 0.05 0.08 0.2 0.2 0.15 1.6

nkd-19 N It=PB(A) 753 078 169 12 13 018 034 025 16 1.1 1.2 100.2
0.7 0.06 0.4 0.1 0.1 0.08 0.06 0.07 0.1 0.1 0.2 20

nkd-20 I\ t-PB(A) 747 083 173 12 13 019 033 024 1.7 1.0 1.3 1001
0.8 0.15 0.2 0.1 0.1 0.04 0.07 0.12 0.1 0.1 0.2 2.0

nkd-21 I\ PB(A) 779 022 170 186 1.0 033 02 024 12 1.1 045 1012
. 06 0.05 0.4 0.1 0.1 0.09 0.05 0.08 0.1 0.1 0.24 2.0
nkd-22 I\ BG(&a) 737 001 181 12 2.9 029 022 008 066 060 15 99.4
1.1 0.12 08 0.2 04 0.15 0.05 0.13 0.19 0.14 0.3 36

nkd-23 v gB(&) 807 024 149 08 14 012 012 003 021 028 19 1008
03 0.14 04 0.17 0.1 0.13 0.07 0.05 0.08 0.08 0.2 1.7

nkd-24 v BG(a) 737 015 181 12 28 020 010 009 076 0B5 17 99.3

04 0.12 0.2 0.1 0.1 0.06 0.03 0.17 0.18 0.16 03 1.8

a ! Abbreviations
Type : A: Annular bead
Color : t-PB: light Purple Blue, PB; Purple Blue, gB: pale Green Blue, BG; Blue Green
Transparence : O; Transparent, 2; Translucent, X; Opague
* nkd-3, nkd-11 : XRD Analyzed
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Figure 2. The relationship between Naz0 and K20 composition for glass samples excavated at Neuk-do.
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Figure 3. The relationship between CaO and Al20: composition for glass samples excavated at Neuk-do.
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Figure 4. The compositional classifications with fluxs and colorants for glass
samples from Neuk-do; (a) LCA-A system, (b) LCA-B system.
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Figure 6. The compositional classifications with colorants for glass samples from Neuk-do.
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Figure 6. X-ray diffraction fattern on samples of Sacheon, Neuk-do: (a): ndk-1, (b): sea-shell.
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Figure 7. Photos of major color on beads of Sacheon, Neuk-do;: upper is stereoscopic microscope image and lower is BEl image.
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