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Spherical copper alloys in ancient copper smelting slags from the Naganobori copper mine, Yamaguchi Prefec-
ture, Japan: Especially mode of occurrence and chemical compositions of copper alloys from the Late Asuka to
the Early Heian periods

By Arashi KITAKAZE", Yoshifumi IKEDA™, Akitoshi ASAKAWA™**and Ryuichi KOMATSU***

Abstract: The mode of occurrences and chemical compositions of spherical copper alloys in the ancient copper smelting
slags from the Naganobori copper mine, Yamaguchi Prefecture, Japan, at late Asuka, early Nara, middle Nara, late Nara to
early Heian and early Heian periods have been investigated.

Copper alloys in slags of the late Asuka period did not include sulfide, and the chemical compositions of copper alloys
were uniform compared with other samples. This may be considered that Cu oxides in supergene sulfide enrichment zone
were used as Cu crude ore at the late Asuka period. In contrast, Cu sulfide was always observed in the rim of Cu alloys,
and copper alloys were composed of Cu-As-Sn, As-Fe bearing Cu and Cu-As-Sb. This indicates clearly that copper sulfides
were used as Cu crude ore after the Asuka period. Furthermore, the chemical composition of copper alloys at early Heian
period was clearly different from samples at Nara period, indicating possibility of the use of Cu sulfides from different Cu
ore deposits.
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Table 1 Samples No, locality, form, estimated time and calendar periods for ancient copper smelting
slags from the Naganobori copper mine, Mine city, Yamaguchi Prefecture, Japan.
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Fig. 1 Photo-images of the slags of ancient copper smelting from the remains of the Naganobori copper mine. Yama-

guchi Prefecture. Japan.

A: sample NG-A; pours slag at early Asuka period. B: sample NG-B: massive slag at early Nara period. C:
sample NG-C: massive slag showing flow structure at Middle Nara period. D: sample NG-D; massive slag
having flow structure at late Nara to early Heian periods. E: sample NG-E; massive slag at early Heian period.
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Fig. 2 Back scattered electron(BSE)image of granular copper alloy of copper
smelting slag (Sample NG-A) at late Asuka period.
Cu: copper alloy. dg: digenite. olv: olivenite-like phase. white: cerussite.
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Fig. 3 Analytical data for As-bearing Cu alloys in slags of sample NG-A at late Asuka
period plotted in the Cu-As-Fe(A) and Cu-As-Sb triangle diagram.
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Fig. 4 BSE image of small grained Cu-As-Sn alloys in
rounded copper sulfide at copper smelting slag of
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Fig. 5 Analytical data of As-bearing Cu alloy, Sb bearing Cu-As alloy, and As and Sn rich
Cu alloy in slags of NG-C at early Nara period plotted on the Cu-As-Fe (A), Cu-As-
Sb (B) and Cu-As-Sn (C) triangle diagram as atomic ratio.
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Fig. 6 BSE image of As-bearing Cu alloys and Cu3As
(domeykite) in rounded copper sulfide with fined
grained cerussite in ancient copper smelting slags of
NG-C at middle Nara period.
dark gray: copper sulfide with digenite composi-
tion. gray: As-bearing Cu alloys. light gray: Cu-As
alloys; white: lead carbonate (cerussite).
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Fig. 7 Analytical data of As-bearing Cu alloy. Cu-As alloy. Sb bearing Cu-As alloy and
Cu-Sb alloy corresponding to cuprostibite (Cu2Sb) in slags of NG-C at middle Nara
period plotted as atomic ratio in Cu-As-Fe (A) and Cu-As-Sb (B) triangle diagram.
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Fig. 8 BSE image of As-bearing Cu (Cu) alloys. Sb-bear- Fig. 10 BSE image of cell structure of Cu-As alloys in
ing Cu-As alloys. and cerussite (white) in digenite slags of NG-E at early Heian period.
(dg) including small grained cerussite in slag of gray: As-bearing Cu alloy, light gray: Cu-As alloy,
NG-D at late Nara to early Heian periods. dark gray: copper oxide (cuprite), white: cerussite.
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Fig. 9 Analytical data of As-bearing Cu alloy, two Sb bearing Cu-As alloys in slags of
NG-E at late Nara to early Heian periods plotted in the triangle diagram of Cu-As-
Fe (A) and Cu-As-Sb (B) as atomic ratio.
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Fig. 11 Analytical data for As-bearing Cu alloy, Sb bearing Cu-As alloy in slags at early
Heian period plotted in the triangle diagram of Cu-As-Fe (A) and Cu-As-Sb (B) as

atomic ratio.
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