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Chemical analysis of glass beads excavated from Nusamai Site in Kushiro City, Hokkaido

Akira ISHIKAWA 1, Ken'ichiro KOSHIDA 2, Takashi TAKEUCHI %3, Kazuyuki NAKAMURA 3 3

Summary

Many glass beads were found at archaeological sites in Hokkaido. We performed chemical analysis of glass beads in Hokkaido
by using scanning electron microscope (SEM) with energy dispersive X-ray spectrometry (EDX) at Hakodate National College of

Technology.

In the collection of the Kushiro City Museum, there are 49 glass beads discovered at Nusamai site in Kushiro City, Hokkaido.
These beads belong to Ainu culture between 1408 and 1694. 27 pieces of glass beads are blue and other pieces are sky blue,
green, brown, white, black and colorless. The result of chemical analysis of glass beads shows these are made of alkali-silica
glass([Na,0,K,0]-Ca0-Si0,) or potash-lime-silica glass(K,0-CaO-Si0O,).
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R2. H7AEDFEEELHE (CEH%)

ZoE F | Na,0 | MgO |A1,0,| Si0, | P,0, | SO, | C1 K,0 Ca0 | TiO, | BaO | Sn0,| FeO | CuO | PbO | Total |f #
No. 1 2.76 {2.89 | 7.15| 56.03(0.40(0.40 [1.04 | 6.16 |[20.19 | 0.14 | 0.27 1.12| 0.97|0.48 | 100. 00

No. 2 2.27 10.38 ]6.79 | 56.95 0.95 | 17.37 |14.10 | 0.34 0.49 0.36 | 100. 00

No. 3 1.67 |0.98 |3.94 | 74. 04 1.08 | 8.86 | 7.59 |0.31 | 0.04 0.46 | 0.46|0.57 [ 100.00 | A Ee{b)e=
No. 4 2.44 |1.08 | 4.53 | 52.39 0.16 [0.68 | 18.00 | 8.85 | 0.23 9.43[0.90| 1.17 | 0.16 | 100. 02

No. 5 2.38 |0.65 | 6.48 | 52.03 0.78 | 19.51 | 15.31{0.40 | 0.52 0.69 | 0.75 | 0.50 | 100. 00

No. 6 5.95 |0.85 | 5.76 | 58.92 0.16 |0.81 | 8.94 [10.48 [0.27 | 0.29 [6.99]0.29| 0.06 | 0.23 | 100. 00

No. 7 3.95 |1.76 |4.29 | 49. 16 0.030.70 | 16.74 | 11.44 [ 0.26 | 0.11 [9.71]0.54| 0.91 | 0.41 | 100. 01

No. 8 3.62 |1.82 |5.40 | 53.36 0.12 10.84 | 15.89 | 16.39 | 0.26 | 0.42 0.32] 0.95 | 0.60 | 99.99

No. 9 0.33 |1.26 [ 7.83]69.68[0.28(0.95|0.25 | 2.46 |5.87 |0.41 | 0.38 0.67| 8.32| 1.31{100.00 | O 5%
No. 10 4.92 10.62 |6.88 | 52.06 0.16 |0.90 | 17.72 [15.00 | 0.18 | 0.32 0.23] 0.85 | 0.16 | 100. 00

No. 11 0.40 | 4.54| 16.06 |14.91[3.53 [1.49 | 1.43 | 1.20 |0.62 0.99 | 41.99(12.83] 99.99 | O {75k
No. 12 1.76 10.62 | 6.12 | 59.78 0.28 [0.86 | 13.14 |13.32 | 0.50 | 0.49 0.53| 1.47]| 1.13 | 100. 00

No. 13 4.49 10.62 |7.01 | 55.52 0.17 [0.74 | 17.79 |12.31 | 0.23 0.51| 0.33]0.29 |100.01

No. 14 4.65 |0.65 |6.87 | 55.73 0.15 [0.74 | 18.05 |11.86 | 0.21 | 0.25 0.50| 0.21]0.14 |100.01

No. 15 4.15 |1.45 | 7.21 | 50. 94 0.07 [0.81 | 19.68 |14.05 | 0.30 0.37| 0.72 | 0.25 | 100. 00

No. 16 1.09 [0.61(9.74|65.10(1.86|0.74 [0.83 | 4.64 |8.64 |0.14 | 0.36 0.81] 2.22(3.22(100.00 | O fI¥)=
No. 17 2.57 |1.31[5.17 | 55.10 0.14 |0.74 | 19.22 | 13.14 [ 0.17 | 0.34 0.37| 1.16] 0.57 | 100. 00

No. 18 4.21 |1.77 |5.89 | 53.29 0.2310.79 | 18.17 | 13.61 [ 0.21 | 0.25 0.24 | 1.02{0.30 | 99.98

No. 19 3.36 |2.19 |6.05 | 50. 25 0.12 10.90 | 20.09 [14.43 |0.26 | 0.39 0.34 | 1.13]0.49 | 100.00

No. 20 3.25 10.37 |6.69 | 56.06 0.030.88 | 20.83 | 10.27 [ 0.26 | 0.70 0.19| 0.25]0.23|100.01

No. 21 1.47 [2.11 [4.12| 57.41{0.380.97 |1.00 | 10.25 [12.63 | 0.34 | 0.26 0.56 | 4.75 | 3.78(100.03 | O {5
No. 22 3.65 0.51 |6.33 | 57.80 0.210.87 | 17.02 [10.86 | 0.35 | 0.20 0.27] 1.01 | 0.90 | 99.98

No. 23 1.16 [0.28 |7.79| 63.27(1.41|3.16 |1.70 | 2.32 [ 0.60 |0.31 | 0.04 |1.95|0.51| 2.69[12.83]100.02 | O ft¥i/&
No. 24 3.42 [2.09 |4.87 | 53.45 0.08 [0.79 | 16.29 |17.18 | 0.29 | 0.27 0.46 | 0.59|0.23 | 100.01

No. 25(3.36(3.96 |2.40 |5.23 | 53. 15 0.82 | 14.11 |16.13 | 0.30 0. 42 0. 13 | 100. 01

No. 26[3.00|3.38 [3.00|4.21|57.92 0.11 [0.68 | 11.44 |14.47 | 0.18 | 0.26 0.34| 0.58 | 0.44 | 100. 01

No. 27 0.90 |0.93 |5.61 | 80.28 0.24 |0.61 | 4.16 |2.76 |0.37 0.95| 1.84|1.35(100.00 | O %k
No. 28 1.27 [0.69 | 6.28(82.31(0.18|0.17 [0.71 | 2.68 | 1.40 |0.31 | 0.18 0.42| 1.91]1.48 | 99.99 | A fEe{b)E
No. 29 4.19 |1.22 5. 71| 54.00 0.210.81 | 17.25 | 13.48 | 0.07 | 0.67 0.41] 1.39 | 0.58 | 99.99

No. 30 0.46 |1.52[5.08 | 77.35[0.06(0.73 |0.40 | 2.65 |2.52 [0.22 | 0.31 [2.01]0.84| 2.65|3.22100.02| O {53
No. 31 0.85 [0.52[7.63]70.26|1.94(0.940.37 | 2.94 |2.22 |0.43 | 0.32 0.98| 7.57(3.03(100.00 | O 5%/
No. 32 5.12 2.04 |6.96 | 52.86 0.16 |0.83 | 16.03 | 14.78 | 0.21 0. 48 0.54 | 100. 01

No. 33 2.54 |1.42|5.22 | 53.63 0.06 |0.90 | 19.37 | 15.54 [ 0.11 | 0.27 0. 64 0.28 | 99.98

No. 34 0.73 10.29 [8.05|80.01(1.05[0.19 [0.21 | 1.59 |2.01 |0.27 | 0.45 0.63| 1.89|2.63(100.00 | Af{b=
No. 35 3.17 12.56 |5.71|51.21[0.84]0.28 [0.84 | 14.20 |16.30 | 0.14 | 0.41 0.45| 2.68|1.21 [100.00 | O fI#%4fE
No. 36 5.60 [3.13|8.08(52.580.41[0.30 |1.00 | 8.58 [17.62 | 0.12 | 0.34 0.56 | 1.27]0.42 |100.01

No. 37 1.55 |0.51|7.65|81.73/0.34|0.61 [0.62 | 2.70 |1.72 |0.11 | 0.12 0.35| 0.91|1.08 |100.00 | A P&fb)eE
No. 38 1.72 [1.59 | 5.46 | 68.19(0.56 | 1.58 6.78 | 5.54 |0.26 | 0.18 0.65| 0.87]6.62(100.00 | A (/&
No. 39 3.02 10.51 |5.94 | 54.07 0.030.96 | 20.53 | 12.63 | 0.15 | 0.32 0.35| 1.13]0.35 | 99.99

No. 40 3.55 2.224.16 | 59.08 [ 0.14 | 0.03 {0.79 | 14.09 | 13.86 0.67 0.53 | 0.33]0.54 | 99.99

No. 41 1.18 [0.79 | 7.29 | 52. 35 0.29 |0.41 | 13.76 [10.17 |0.54 9.31]2.63| 0.86]0.43 [100.01

No. 42 4.17 |1.70 [ 7.38 | 50. 18 0.030.80 | 17.93 | 15.46 | 0.05 | 0.58 0.48 | 1.05(0.18 | 99.99

No. 43 1.66 [0.65 |2.48 | 60.75(0.08|0.18 |0.87 | 12.09 [11.19 | 0.47 8.00|0.41| 0.700.47 |100.00

No. 44 4.47 |2.42 ]5.60 | 52.91 0.2310.78 | 16.43 [15.25 [ 0.21 | 0.16 0.41] 0.92]0.21 |100.00

No. 45 0.57 |0.54 | 6.57| 77.66(0.42(0.03 [0.35 | 3.12 |3.59 |0.33 2.99]0.47| 2.12(1.22 | 99.98 | O f+#/E
No. 46 3.11 [1.73 |5. 11 53.04 0.85 | 19.56 |15.05 | 0.44 0.46 | 0.65 100. 00

No. 47 2.59 |2.51[3.99 | 59. 04 0.82 | 12.93 |16.17 | 0.21 | 0.21 0.47| 0.85 | 0.22 | 100. 01

No. 48 0.70 |1.02 | 4.85| 87.61 0.15[0.99 | 1.78 | 1.24 |0.31 0. 87 0.48 | 100. 00 | A FE{LJE
No. 49 3.37 |2.36 |4.99 | 53.15 0.77 | 17.55 | 15.99 | 0.33 | 0.08 0.39 | 0.71 | 0.32]100.01

O Cu0 (i) 23 2% LA ETPO; (V) & Pb0 (81) #Z< Ge@HIMthoEY (b E) Mo fta Lz & HEE,

A KO (WY TL) L Cad (W) fGrA 10% AR TNa,0 (F-F U L) flisrads 2% L F OB RHIR mER g & HEE,
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No. | ALLO3 | sio, | % | Na,0 | Mg0 | K,0 Ca0 | 3+ [ [P0 [HE
1 | 7.15 | 56.03 | 63.18 | 0.66 | 2.76 | 2.89 | 6.16 | 20.19 |32.00 | 0.33 | 0.48 |0.01 | 95.66 | % UAIKA T A
2 | 6.79 | 56.95 | 63.74 | 0.65 | 2.27 | 0.38 | 17.37 | 14.10 [34.12 | 0.35 | 0.36 [0.00 | 98.22 | H VARG T A
3 | 3.93|73.88 | 77.81 | 0.80 | 1.67 |0.98 | 8.84 | 7.57 [19.06 | 0.20 | 0.57 |0.01 | 97.44 | A HVUFKH T A
4 | 4.53 | 52.39 | 56.92 | 0.65 | 2.44 | 1.08 | 18.00 | 8.85 |30.37 | 0.35 | 0.16 [0.00 | 87.45 | HVFKH T =%
5 6.48 | 52.03 | 58.51 | 0.60 2.38 10.65 | 19.51 | 15.31 [37.85 | 0.39 | 0.50 [0.01 96. 86 TV HIRHT T A
6 | 5.76 | 58.92 | 64.68 | 0.71 | 5.95 | 0.85 | 8.94 | 10.48 [ 26.22 | 0.29 | 0.230.00 | 91.13 | 7AH VFKH T %
7 | 4.29 | 49.16 | 53.45 | 0.61 | 3.95 | 1.76 | 16.74 | 11.44 | 33.89 | 0.39 | 0.41 [0.00 | 87.75 | F/hVRAKH T %
8 5.40 | 53.36 | 58.76 | 0.61 3.62 [ 1.82 | 15.89 | 16.39 [ 37.72 | 0.39 | 0.60 |[0.01 97. 08 TNV AR T A
9 | 7.83 | 69.68 | 77.51 | 0.87 | 0.33 | 1.26 | 2.46 | 5.87 | 9.92 |0.11 | 1.31]0.01 | 88.74 | O FKH T =
10 | 6.88 | 52.06 | 58.94 | 0.61 | 4.92 [0.62 |17.72 | 15.00 | 38.26 | 0.39 | 0.16 |0.00 | 97.36 | 7/H UERH T A
11 4.54 16.06 | 20.60 | 0.57 0.00 | 0.40 1. 43 1.20 | 3.03 0.08 | 12.83]0. 35 36. 46 O 7R
12 | 6.12 | 59.78 | 65.90 | 0.69 | 1.76 [ 0.62 | 13.14 | 13.32|28.84 | 0.30 | 1.130.01 | 95.87 | HVUGIRH T A
13 | 7.01 | 55.52 | 62.53 | 0.64 | 4.49 [0.62 |17.79 | 12.31 |35.21 | 0.36 | 0.29 |0.00 | 98.03 | 7/h U ERHT A
14 | 6.87 | 55.73 | 62.60 | 0.64 | 4.65 [ 0.65 | 18.05 | 11.86 |35.21 | 0.36 | 0.14 |0.00 | 97.95 | 7B VLKA T A
15 | 7.21 | 50.94 | 58.15 | 0.60 | 4.15 | 1.45 | 19.68 | 14.05 |39.33 | 0.40 | 0.25(0.00 | 97.73 | 7B UEKRH T A
16 | 9.74 | 65.10 | 74.84 | 0.80 | 1.09 | 0.61 | 4.64 | 8.64 |14.98 | 0.16 | 3.22[0.03 | 93.04 | O #HT =
17 | 5.17 | 55.10 | 60.27 | 0.62 | 2.57 | 1.31 | 19.22 | 13.14 |36.24 | 0.37 | 0.57 |0.01 | 97.08 | VLKA T A
18 | 5.89 | 53.29 | 59.18 | 0.61 | 4.21 |1.77 | 18.17 | 13.61 |37.76 | 0.39 | 0.30 |0.00 | 97.24 | 7B UERKRH T A
19 6.05 | 50.25 | 56.30 | 0.58 3.36 [ 2.19 | 20.09 | 14.43 [40.07 | 0.41 | 0.49 [0.01 96. 86 TNV HIR T T A
20 | 6.69 | 56.06 | 62.75 | 0.64 | 3.25 | 0.37 |20.83 | 10.27 [34.72 | 0.36 | 0.23]0.00 | 97.70 | FAHVLIKH T A
21 | 4.12 | 57.41 | 61.53 | 0.67 | 1.47 |2.11 | 10.25 | 12.63 | 26.46 | 0.29 | 3.78 [0.04 | 91.77 | O #HF =
22 6.33 | 57.80 | 64.13 | 0.66 3.65 [ 0.51 | 17.02 | 10.86 [32.04 | 0.33 | 0.90 [0.01 97. 07 TNV HIRIT T A
23 | 7.79 | 63.27 | 71.06 | 0.81 | 1.16 | 0.28 | 2.32 | 0.60 | 4.36 | 0.05 |[12.83]0.15 | 88.25 | O $H T =
24 | 4.87 | 53.45 | 58.32 | 0.60 | 3.42 |2.09 | 16.29 | 17.18(38.98 | 0.40 | 0.23 0.00 | 97.53 | 7/Ah VU RRKH T A
25 5.23 | 53.15 | 58.38 | 0.61 3.96 [ 2.40 | 14.11 | 16.13 [36.60 | 0.38 | 0.13 [0.00 95.11 TNV HIRT T A
26 | 4.21 | 57.92 [ 62.13 | 0.65 | 3.38 |3.00 | 11.44 | 14.47 [32.29 | 0.34 | 0.44 [0.00 | 94.86 | 7/Ah VU RKH T A
27 | 5.61 | 80.28 |85.89 | 0.89 | 0.90 |0.93 | 4.16 | 2.76 | 8.75 | 0.09 | 1.35[0.01 | 95.99 | A HYUHF =
28 | 6.28 | 82.31 [88.59 | 0.92 | 1.27 |0.69 | 2.68 | 1.40 | 6.04 |0.06 | 1.48 [0.02 | 96.11 | A EEEeth7 T %
29 | 5.71 | 54.00 |[59.71 | 0.62 | 4.19 | 1.22 | 17.25 | 13.48 [36.14 | 0.37 | 0.58 [0.01 | 96.43 | F/-h VREKH T %
30 5.08 | 77.35 | 82.43 | 0.89 0.46 | 1.52 | 2.65 2.52 | 7.15 0.08 | 3.22(0.03 92. 80 O T A
31 | 7.63 | 70.26 | 77.89 | 0.89 | 0.85 |0.52 | 2.94 | 2.22 | 6.53 |0.07 | 3.03(0.03 | 87.45 | O $HTA
32 | 6.96 | 52.86 |59.82 | 0.61 | 5.12 |2.04 | 16.03 | 14.78 {37.97 | 0.39 | 0.54 [0.01 | 98.33 | 7/ h VAKH T %
33 5.22 | 53.63 | 58.85 | 0.60 2.54 | 1.42 | 19.37 | 15.54 | 38.87 | 0.40 | 0.28 [0.00 98. 00 BV HIRIT T A
34 | 8.05 | 80.01 |88.06 | 0.92 | 0.73 |0.29 | 1.59 | 2.01 | 4.62 |0.05 | 2.63[0.03 | 95.31 | A EEEeHi T =
35 | 5.71 | 51.21 [56.92 | 0.60 | 3.17 |2.56 | 14.20 | 16.30 [36.23 | 0.38 | 1.21 [0.01 | 94.36 | O T/HYRKHT A
36 8.08 | 52.58 | 60.66 | 0.63 5.60 | 3.13 | 8.58 17.62 [ 34.93 | 0.36 | 0.42 [0.00 96. 01 TN HIRIT T A
37 | 7.65 | 81.73 [89.38 | 0.92 | 1.55 |0.51 | 2.70 | 1.72 [ 6.48 |0.07 | 1.08 [0.01 | 96.94 | A EEEEHiN T =
38 | 5.46 | 68.19 | 73.65 | 0.77 | 1.72 |1.59 | 6.78 | 5.54 |15.63 | 0.16 | 6.62 [0.07 | 95.90 | A #AH TR
39 | 5.94 | 54.07 [ 60.01 | 0.62 | 3.02 |0.51 |20.53 | 12.63 [36.69 | 0.38 | 0.35[0.00 | 97.05 | 7/hVUFIKH T %
40 | 4.16 | 59.08 | 63.24 | 0.65 | 3.55 [2.22 [14.09 | 13.86 |33.72 |0.35 | 0.54 |0.01 | 97.50 | F/AHVUERH T A
41 7.29 | 52.35 | 59.64 | 0.69 1.18 [0.79 [ 13.76 | 10.17 [25.90 | 0.30 | 0.43 [0.01 85. 97 BV HIRTT T A
12 | 7.38 | 50.18 [57.56 | 0.59 | 4.17 [ 1.70 [ 17.93 | 15.46 |39.26 |0.40 | 0.18 [0.00 | 97.00 | 7B VKK T =
43 | 2.48 | 60.75 [ 63.23 | 0.71 | 1.66 [0.65 | 12.09 | 11.19 [25.59 |0.29 | 0.47 [0.01 | 89.29 | #VRKHF =%
44 5.60 | 52.91 | 58.51 | 0.60 4.47 | 2.42 |16.43 | 15.25 |38.57 [ 0.40 | 0.21 [0.00 97. 29 TNV HIRHT T A
15 | 6.57 | 77.66 [ 84.23 | 0.90 | 0.57 [0.54 | 3.12 | 3.59 | 7.82 |0.08 | .22 |0.01 | 93.27 | O HVUTKHT A
16 | 5.11 |53.04 [58.15 | 0.60 | 3.11 | 1.73 [ 19.56 | 15.05 |39.45 |0.40 | 0.00 [0.00 | 97.60 | 7/AH VU EKH T =
47 3.99 | 59.04 | 63.03 | 0.65 2.59 | 2.51 |12.93 | 16.17 |34.20 |0.35 | 0.22 |0.00 97. 45 F VLRI T A
48 | 4.85 | 87.61 [92.46 | 0.95 | 0.70 [1.02 | 1.78 | 1.24 | 4.74 |0.05 | 0.48 |0.00 | 97.68 | A FemEtE T =
49 | 4.99 |53.15 [58.14 | 0.59 | 3.37 [2.36 | 17.55 | 15.99 |39.27 |0.40 | 0.32 [0.00 | 97.73 | 7AB VUV EKRH T =

GIKTTZ A Ca0 2% 3% LI I TIVHV AR T A Na,0. K,0. Ca0 7% 3% VL I

HVHT A K,0 2% 3% Lk SRV IR PbO 78 3% L)k

HUAKRHA T A Ca0, K,0 2% 3% LL I RIS A Na,0, K,0. Ca0, Pb0 233 ~=T 3% LLF
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