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ABSTRACT This study examined the physical attributes and heat treatment characteristics of glass beads
excavated from the Gimhae area, which is the location of Geumgwan Gaya. This enabled classification
of surface characteristics of the beads based on the investigation of the color, size, and shape. The
glass beads were classified into eight color systems, with purplish-blue beads as the representative color.
Bead size was categorized into three types depending on the outer diameter and how it increased over
time. Bead shapes were categorized as round, tubular, or doughnut-shaped based on the inner diameter
and length, with round being the typical shape. According to the degree of heat treatment, there are
three types of cross-section for glass beads that are manufactured by the drawing technique, most of
which are the HT-III type. In addition, it is estimated that the heat treatment technology has more
considerable effects than other methods. Through non-destructive analysis, the chemical composition
was obtained and categorized as flux, stabilizer, and colorant. Analysis confirmed the presence of 63
and 9 pieces in the potash and soda glass groups, respectively. Overall findings from the study
highlighted a correlation between the chemical composition and the external factors such as color, size,
shape, and manufacturing technology of glass beads recovered from Geumgwan Gaya, revealing
characteristics related to that time and region.
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Table 1. The analytical list of the glass beads excavated in Gimhae area

Site Burial Burial Analysis status Analysis
No. Centrury Remark
(Symbol) number typesa Colorb Quantity number
PB 6
55°¢ B Mid 2C eB 2 YD-01~10
| Yangdong-ri C 2
(YD) P 3
7 C 4C late PB . YD-11~20
Total 20
Guli-ro C A Mid 3C PB 10 GJ-01~12
2 @GJ) B 2
Total 12
Mid 4C
I-3 F ~5CEarly PB 11 CS-01~11
P 1
. PB 8
3 Chllzzns-)dong 1 B Mid 4C BG 3 CS-12~28
~5CEarly eB 3
Y 1
C 1
Total 28
Mid 4C
I-19 C ~5CEarly e¢B 5 MD-01~05
Mongdeock-ti 1-67 C Mid 4C PB 14 MD-12-25
4 ~5CEarly
) I-25 F Mid 4C PB 10 MD-26~35
~5CEarly
Total 29
P 3
4C late
1-20 C MidsC PB 6 BY-01~10
2B 1
4C late
I-10 F . PB 12 BY-11~22
Bonsan®Yeorae-ri ~Mid5C
(BY) B 3
I-6 Dd 7C PB 2 BY-23~29
eB 1
Y 1
Total 29
eB 1
Jukgok-ri 5 A 5C BG 8 JK-01~11
6 (K) G 1
Y 1
Total 11
Total 129

a: A; Jar coffins, B; Wooden coffin, C; Wooden chamber, D; Stone-lined, F; Stone Chamber.

b: It:Light, dk;Dark PB;PurpleBlue, P;Purple, RB;ReddishBrown, BG;BlueishGreen, Y;Yellow, C;Colorless, B;Black.
c: YD-E(Yandong-riEarly).

d: BY-L(Bonsan®Yeorae-riLate).



Table 2. The comparison with analytical results and certified value at glass standard SRM 620

Sample Chemical composition (wt. %) Remarks
number Si0; Na,0 KO CaO ARO; MgO TiO; MnO Fe,O; CuO PbO BaO  SnO;
Certified value  72.1 14.4 0.4 7.1 1.8 3.7 <0.1 <0.1
SRM620-01 72.22 13.61 0.44 7.17 2.47 4.04 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
SRM620-02 71.29 13.99 0.46 7.41 2.84 3.94 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
SRM620-03 72.03 13.21 0.48 7.55 2.81 3.86 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
SRM620-04 72.01 13.42 0.46 7.51 2.79 3.75 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
SRM620-05 71.58 13.90 0.48 7.52 2.69 3.77 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Average 71.83  13.62 0.47 7.43 2.72 3.87 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Std 0.34 0.29 0.01 0.14 0.14 0.11
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Figure 1. The main colors found at glass beads in Geumgwan Gaya.
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Figure 2. Histogram color of glass beads by each ruins in Geumgwan Gaya.
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Figure 3. The color classification of co-blue glass beads in Geumgwan Gaya.
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Figure 4. The color distribution of co-blue glass beads in Geumgwan Gaya. (A) Total occupation rate.
(B) Ruins occupation rate.
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Table 3. The Chemical composition of glass beads 69 pieces in Geumgwan gaya

Sample Heat Chemical composition (wt. %)

number %1% yreament S17¢ TYP® 536 N3 0 K,0 _CaO_ALO, MgO _TiO, MnO FeO; CuO_PbO_BaO_sn0; Lok
GJ-01 PB 1 7241 140 1325 262 272 151 021 248 295 0.03 0.06 036 0.01
GJ-02 dk-PB 1 69.33 1.25 12.61 285 3.02 159 030 430 422 0.03 0.02 049 0.00
GJ-03 PB 1 74.07 096 13.37 234 213 120 0.27 222 310 0.02 0.01 032 0.00
GJ-04 PB 1 7259 0.84 13.10 236 1.65 126 1.09 3.53 3.17 0.03 0.01 037 0.00
GJ-07 PB I 73.81 134 13.16 342 155 132 076 246 150 0.02 0.01 0.65 0.00
GJ-08 1t-PB 1 72.00 0.00 14.17 2.12 222 149 1.78 0.01 130 242 2.09 0.02 037
GJ-10 1t-PB 1 76.40 0.00 1345 092 223 156 0.55 0.01 1.10 2.67 094 0.02 0.16

YD-01 PB 1
YD-02 PB 1
YD-03 dk-PB 1

81.04 097 10.15 194 172 0.10 0.20 2.04 129 002 000 052 0.00
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Figure 9. The composition distribution of glass beads 69 pieces in Geumgwan Gaya.
(A) Flux. (B) Stabilizer. (C) Scale up B.
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