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10cm

Helmets from
HPKM1004

1. RO156337
2. R015338
3. R018076
4. R018050
5. R018051

5 Institute of History & Philology

e Academia Sinica ©

Fig.1. Photographs of five different decorations of Helmets from HPKM1004, housed in Academia Sinica. 1-3: view from the front

side; 4-5: view from the left side.
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Mapping image

Junko Uchida -

HFEKHMLE

BEI image by SEM

Fig.2. Sn-rich phase in the Surface of Helmet (No.0701). Top: Elemental distribution of Cu and Sn by electron
microprobe (EPMA) mapping around the surface. Scale: 50pm. Brighter and darker contrasts represent higher- and
lower-concentration of each element, respectively. Bottom: Back-scattered electron image (BEI) of a part of pol-
ished sample. Sn-enriched layer, darker in BEI, covers the surface of the bronze body.
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Smm

Hel0910 BEI image

Smm

Hel0921 BEI image

Hel0910  main body 4 Hel0910  Sn-rich layer 5

Hel0921 surface Sn-rich layer ¢

Fig.3. Studied samples, No.0910 and No.0921, from HPKM1004.
1: Drawing of Helmet No. 0921. Studied bronze sampled from the nose. 2-3: BEI of samples No0.0910 and 0921. 4: BEI of the
main body of sample No0910. Dendrite texture is clearly observed. 5: Sn-rich phase (darker) is observed on the surface of

sample No.0910. 6: Sn-rich phase (darker) is observed on the surface of sample N0.0921. 7: Remaining mold is observed on
Sample No.0921. Scale bars represent Smm in 2 and 3 and 100xm in 4-7).
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v ...
L]
_ e 100um
Hel 0906 . E— ‘Hel 0903

Fig.4. BEI of samples No.0906 and No.0903. Dendrite texture is not observed in these samples, indicates possibility of heating
treatment (tempering) after the casting. Scale bars: 100xm.

R45803 BEI

R45803 inner surface

Fig.5. BEI of sections of the top-tube from Helmet R45803 and R45808. 1-2: Sections of R45808 and R45803 (scale: 5Smm and
3mm, respectively). 3-4: Inner and outer parts of tube, R45803. Dendrite texture is observed. Scale bars: 100pm.
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Fig.6. Sn-enriched phases in sample No.0919. Left: Sn-enriched phases (darker) are observed near the surface. Rectangular frame
shows the BEI area on the right hand side (Scale bar: 100xm). Right: Complex Sn-enriched phases and Cu/[Cu+Sn] ratios from
the analysis points (Scale bar: 20um).
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Junko Uchida « Yoshiyuki lizuka

Fig.7. BEI of extracted copper (Cu) phases in the Sn-enriched phase of No.0912. Chemical composi-

tions are confirmed by EDS. Scale bar: 100um.
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Table 1. Composition ratio of the main body of Helmets from HPKM 1004
Sample 0 Cu Sn Pb ] Fe Ag Se Total Cu/[Cu+Sn]
0901-1 8.0 75.6 153 2.36 0.39 101.7 0.832
0902 0.8 82.0 17.7 0.19 100.5 0.822
0903 814 14.6 243 0.24 0.34 98.7 0.848
0904 4.9 74.4 17.6 2.79 0.31 99.9 0.851
0905 86.7 17.1 0.37 103.9 0.835
0906 80.1 14.0 3.57 0.08 97.8 0.851
0907 1.5 85.9 139 3.19 0.18 0.19 104.5 0.863
0908 89.4 16.1 0.29 105.7 0.847
0910 0.7 86.7 17.2 0.31 0.11 104.9 0.835
0911 1.3 76.6 16.7 4.38 99.2 0.821
0912 86.8 17.0 0.49 104.3 0.836
0913 1.1 81.9 15.7 0.36 0.08 98.9 0.839
0914 81.4 16.0 0.75 0.16 98.3 0.836
0915 2.0 86.1 153 0.44 0.21 104.1 0.849
0916 87.7 15.6 0.45 103.4 0.849
0917 1.4 85.0 14.4 0.39 100.7 0.855
0918 86.2 14.8 2.57 0.31 1.18 105.1 0.853
0919 90.0 15.9 105.9 0.850
0919 81.5 16.4 0.25 98.1 0.832
0920 85.0 14.4 091 0.26 0.90 101.4 0.855
0922 1.4 823 15.5 5.83 105.5 0.841
0923 83.7 154 1.69 0.27 0.05 101.1 0.844
0924 7.8 76.8 18.8 0.40 103.8 0.804
R45803 4.5 772 21.5 0.31 0.08 103.5 0.782
R45808 3.4 82.6 17.3 1.27 0.24 104.9 0.827
average 82.9 16.2 1.5 0.2 0.8 0.2 0.1 102.2 0.838
max 90.0 21.5 5.8 0.4 1.2 0.2 0.1 1059 0.863
min 74.4 13.9 0.2 0.1 0.3 0.2 0.1 97.8 .782
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