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Table 2 Mineral composition of the soil samples
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Fig. 7 Grain size distribution of the soil samples LMol
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Table 3 Chemical composition of the soil samples
No. SiO; | TiO, | AbOj3 [ Fe;O3] MnO | MgO | CaO | Na,0 | K,O | P,Os |lg.Loss| Total

(Wi%) (Wt%) (wt%) (Wi%) (Wi%) (Wt%) (Wt%) (Wt%) (Wt%) (Wt%) (wt%) (Wt%)

B30 | 53.46 0.62 15.90 10.21 0.41 1.34 2.09 1.24 1.32 0.33 13.08 | 100.00
M7 | 58.45 0.69 16.82 7.10 0.13 1.49 1.82 1.52 1.76 0.37 9.85 100.00
196 | 52.06 0.61 15.01 11.57 0.21 1.25 1.87 1.30 1.25 0.26 14.61 | 100.00
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Table 4 Chemical composition of seepage groundwater taken
from Yanagisawa archaeological site

I5H BA | RE | B | RE
Na” mg/L| 8.1 |meqll| 0.35
K‘; mg/L | 6.32 | med/L | 0.16
Mg® |mg/L| 1.03 | meqlL | 0.08
Ca®® |mgL| 78.5 | meglL | 3.92
Cr mg/L | 9.13 [ med/L | 0.26
SO~ |mglL| 4.13 | meg/L | 0.09
HCO3‘ mg/L| 40 |med/L| 0.66
Sidg mg/L | 27.2 | mea/L

(6) W LtER)

HHld e OEMEY B L/L 2 A, No367 (575
SR OB ) (O TIREDHFAIBIZE SN
(K 6)o 1¥9 1243 No. 228 (1 THBOEMLIR) RO
367 DLy 7 AREERSMAEREZ RS, IO TIE
B & L REIEL (cuprite) ZIRET 5 E— 7 23
ENTVDHI ENG, EMEOREOH F IR T
HBERMEDS RV ZOFRIE, FBITRLAZCud
ZEBME L THRIMMAHEE SN TVWL HEEEGHT
b HFkIZ, X8 TidPbDEEREME L THASEL
(cerussite) DHEE SN TV 5%, No367 D2 6 =25
FEDY -7 BB OREROMVEL —HT 5,
7z, WEITIE D B7%, 854 (cassiterite) EHEETE
HBY—7 B LNAE (260 =265°fF0iEA%K
(quartz) EHBADERBEIELLMBETH Y, 9
EBWTHEHOEDHFGFVREVEEZ H,)0 ZDHIZ
DWThH, M8 TSnDEEREME L THADHE S
NTVDHITEBTHTH S,

o B E(quartz: Si0,)

& v FREH (cuprite: Cu,0)

© B$:8G (cerussite: PbCO;)
| < $5 % (cassiterite: SnO,)

Intensity (a.u.)

0 10 20 30 40 50 60 70 80
2 theta (degrees) , Cu Ka

M9 HHEE OBEMEOT v 7 AREAT ISR
Fig. 9 XRD patterns of the soil samples contacted with the
bronze artifacts
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Fig. 14 Compositional diagram for the bronze artifacts
excavated from Yanagisawa archaeological site and
the soil samples taken from the pit
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Burial environment of bronze artifacts and behavior of
bronze metal components at Yanagisawa archaeological
site in Nagano Prefecture
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* Archaeological Research Center of Nagano Prefecture, 963-4 Fusetakada, Sasanoi, Nagano City, Nagano 388-8007

Well-preserved bronze artifacts comprising five bells and eight halberds from the Yayoi Period were
excavated at the Yanagisawa archaeological site in Nakano City, Nagano Prefecture in 2007. Comprehensive
analysis of soil and groundwater samples at the site was carried out and geochemical calculations were
made to better understand the local conditions that led to the artifacts being so well preserved. Analysis of
the soil surface adjacent to the bronze artifacts identified cuprite (Cu,O) as the main corrosion product.
Migration behavior of the bronze metal components, copper, tin, and lead, both inside and outside of the
burial pit, was also investigated. Copper and lead had migrated 2 m from the burial pit, whereas tin was
confined to the immediate vicinity of the bronze artifacts. The difference in migration behavior of these
elements can be explained in terms of the chemical stability of the solid phases. The main factor
contributing to the well-preserved state of the bronze artifacts was the tin content, which is thought to have

formed a protective layer of cassiterite (SnO.) on the outer surface of the bronze artifacts.
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