1(1)

PIE SR NE L ROBEFEHME— & S [THEEICDOIVT—
R & (kS T w R R A, B (LR HEEASR)

Physio-chemical study of the excavated material from
the Suo-Juzenji remains, Yamaguchi Prefecture, Japan
— Especially the broken fragments of ancient casting coin—

Arashi KITAKAZE (Museum of Sugaki Ore Collection)
Kei AOSHIMA (Yamaguchi city board of Education)

Abstract: The Suo-Juzenji remains at Heian-Age in Japan is located at Yamaguchi city, Yamaguchi Prefecture,
Western Japan, and were found many pieces of pottery as that age and minor amount of ancient coins, cupper plate,
fragment of ancient casting coin and some metals. We are carried out for study on the broken fragments of casting
ancient coin from the remains examined by reflective microscope, SEM and EPMA.  The fragments of ancient
broken coin mainly consists with As bearing copper alloy and CusAs (domeykite), and secondarily generated
compounds by reaction between Cu-rich alloy and ground water after being buried underground. Then, their surface
(upper face) and back end (lower face) were cruelly different with each other.  Surface side is consisting with many
secondary compounds with Cu- or Pb-chloride and/or oxide, and back end is composed with some amount of copper
oxide.

As-bearing copper alloy with composition from 2 to 8 atomic % in Cu:Fe:As ratio and As-Cu metal with 25 to 29
atomic % (near domeykite composition) were separated by slow cooling after casting of copper smelting. Original
lead metal at copper smelting changes to secondary lead compounds of such as PbO,., PbCI(OH)., Pb,O(OH)CI.
Pb3CuClz(OH),0, etc.

Key Words: Suo-Juzennji remain, As-bearing cupper alloy, domeykite, secondary lead compounds, secondary copper oxides
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Figure 2. Photographs of surfaces for studied material (No.1)
under binocular microscope.
A: Upper surface, B; Back side.
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Figure 3. Photographs of surfaces for studied material (N0.2)
under binocular microscope.
A: Upper surface, B; Back side.
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Figure 4. SEM image from surface to back end for
sample No.1.
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Figure 5. Expanding SEM images of surface for A and
B as shown as red flame in Fig. 4
A: portion with many secondary products showing
rounded forms seemed as malachite,
B: portion with many voids.

Figure 4. SEM image of surface for sample No.3.
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Figure 7. Photomicrograph of ore microscope under

reflected light for cross section of sample No. 1.

(Light brown: copper rich metal phase, dark brawn:
secondary product.



Figure 8. Photomicrograph of ore microscope under
closed nicols as same as Fig. 5
(Light gray: copper rich metal phase; light bluish
gray with internal reflection: secondary products).
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Figure 9. Photomicrographs of ore microscope in near
surface under open nicol (A) and crossed nicols (B) for
Sample No. 1.

Dark gray(A): reaction rim for secondary products
with internal reflection colors (B) of white, brownish
gray, and blue; light gray: copper oxide (A) with red

internal reflection (B).

Figure 10. Photomicrographs of ore microscope at
metal rich part under open nicol (A)
and crossed nicols (B) for sample No. 1.
Reddish brown: copper alloy; gray: arsenic bearing
copper alloy, dark gray: lead chloride.
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Figure 11. Photomicrographs of ore microscope at
metal rich part under open nicol (A)
and crossed nicols (B) for sample No. 3.
Reddish brown: copper alloy; gray: copper chloride.
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Figure 12. BSE image of cross section of sample No. 1
as same part as Fig. 7.
White: lead chloride; light gray: copper oxide, gray:
copper alloys, dark gray: secondary products as reaction
rim, black: holes and resin.
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Figure 13. BSE image of red flame area in Fig. 12
White: lead chloride; light gray: copper oxide; gray:
copper alloys, dark gray: secondary products as reaction
rim, black: holes and resin.
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Figure 14. Elementary mapping in secondary and
original parts for copper (Cu), lead (Pb), arsenic (Ag),
silver (Ag), chlorine (CI) and silicon (Si) in upper part of

Fig. 13 for sample No. 1.
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Figure 15. Elementary mapping in original part for
copper (Cu), lead (Pb), arsenic (Ag),
silver (Ag), chlorine (Cl) and oxygen (O) central part
of sample No. 2.
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Table 1. Selected analytical data of No. 1 sample
obtained by EPMA
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Figure 16. Compositions of As-bearing copper alloy and
domeykite-like phase shown
as Cu:Fe:As (atomic ratio as %) for No.1, No.2 and No.3
samples.
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Table 2. Analytical data of bulk compositions for central
side areas of the specimen No. 1.

22 019
10000 100.01

2 100.02 10001 10000 9

Cu 9035 9115 8859 8853 8805 8917 8744 8783 87.13

Fe 019 014 043 040 035 018 027 029
Ni 050 040 080 075 060 031 082 089
Co 016 019 033 025 026 009 023 033
Ag 049 048 040 046 043 038 054 047
sh 015 011 029 022 020 016 033 024
Sn 0.30 0. 019 013 031 020
Pb 110 108 086 065 076
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Table 3. Analytical data of bulk compositions for surface
area of the specimen No. 1.
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Figure 17. Bulk compositions for inside and surface side for
cross section of sample No.1 and ancient coin.
Red circle: Suo-Juzennji, blue circle: analytical value of ancient
coin (Chuonen-Taihou).
installation of Suo-Juzenniji (Saito et al. 2.
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Figure 18. Bulk compositions for inside and surface side for
cross section of sample No.1 and ancient coins.
Red mark: this study; blue mark: analytical value of ancient
coins (Saito et al. ?).
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Figure 19. Comparison of compositions for Cu-alloy from
Naganobori and Juzenji remains at Heian Age.

KB LR L D ICEREEOHA 138
HEo b DI U C—RAICERTE ey, #tFES
HEOEWHLO LR bz, $5EEF TIIEMEIO
RIGHER A FRARL L CEREMTh TR Y . ol
TERDBBRDNTZAIREMENE <, 2, MBORRER
HRESHCIIREETH D L2 EETIE. SEM
Bro—#ix Bl offgsnizbotfESh
5, LLZens, gEsHLMIghzEA TS
WXL, BRI EIZEAEE AT 2N
Z EMBEOFEMEHIRIOBIRIENE 2 BN D, =
DO Z LB U TSR FRNAARIE 72 EMB I LI L
TV BERD D,

9. Z&ikEw

FEERE] CIX A RESRHNT SR 2 N U 72 A0 B 2 Vs mh L
THEZITo T LHEE SN DA, Cu-Po-RIEBAfR %
BRET D LM O I EIFIZIE960°C TH
SSnTAR & L CEESMEN OB L . IRER T
TEVligh & L CTHREMICE END B A bD, L
MULER G, $HEFIOBY TIXE< &RMNITRED 5
N7e\, ZOBIGIEEEY T I %, HTF K
EROGS L CHIOSMEAEMICEL LTzt HEE SR D,
PREE BN I Y RFOW L < ITALET D 2 &b
N KICH R A5 A, HERBReENITE A O bs
#)(PbO,. PbCI(OH). Pb20(OH)CI. PbsCuCla(OH)202
RONCEAL LT b D EEBEZBIND, TRERD AR
{EA4:CuPb(COs), H A.IH L TV 5,

F72, BYORE TIEEEF OHIIEE{L L TCuO
RCU07% E DOFHIEALIZEALT D — 7, SRR
OB FE O B, Rl < 28 LAY DE
ETLHENEO LN,

10. £&%

JE B #EE T  5 H  U 7= 8RB EE O B L2 INFE &
AIZEPMAZ AW TCHI S 4D b FH R 2R 7=, &
DOFERLLT OFDVH Lz,

PHEERT O - ILEASIIMBEAED/NI NG
DL, FAATA FCWBASHTIITWED EIZHT B



N5, Cu-AsRIREEN %2 2B 129 43 #131,080°C
DL b CHlge IS SRMAIZ T 2 2%, K9670°C LLF T
IXEMHEHE AL A FOAHITHHBEST S, L,
B %2 S TemiENam LG A X2 o B+ 2
e, EMBREESMELTEATLIEEZD
NTW5, ERRLEBISREY . SHEEITIERES
MZHET L2 L 7= b o L HEES LD,

PHEER O W O BEIRBIBI L0 - fitSE - S Lo
LA S T & B CIIME— A e D A H
U7z, Wi OME O EmITHE L, Khi3RE
AKAEFK) & LA RIS LT b D EHERE S
Do FHHFFIZIZEEE E L TEENTWNEH D0,
WHEREGTHTIKES L, Fx O EAEY(PhO,,
PbCI(OH). Pb:0(OH)CI, PbsCuClz(OH)202.,
Pbs(AsO4)sCl 72 E) & AR L TN D, E 722K O -
MFRAAITH R AKIC K VIS v, RistEo Eiddh
{bEnEREIOISICRE L DO EEZ X LD,

I BT, 2V T RO B - BRI
EA LR T L TR Y . Sl Z{E LT HER
LE L DHITEL LTV, ARG E I o
PHREEF I O E A BRI PERR O S 1ZIEF U
FHIZH D08, B THBICETEMBRD b,
LU 5, DT ORHLEECOATIEN R 5729
W OBHEMEIZRE T 2 MEHIIT AR, E-TZ D
RSB LTt o 05 (B 21X 80080 o RN AR Sy Hr
RV ERWLMENS D,

TIRBYAE RSO ER BE e 8B LTIl A
THTVTETHD,

7(7)

A

BT OME A OERIZITRAE R F R IR S
Ko 1%2TEW -, EPMAICL D THE~ Y BV 7%
WAL KRR OEEACRICHIE L CHEW, /=, 1
i NE LR (e C I - YN AW e 672 e ) N B g
BMCBAL CEER ZEAZF -7, Z2BARMRICE
L-BEHO ST RFEL 0 Fgee s 2 —n~7
0zl MIF-oT-, BAMRE OREERICEE  BGHE L
ESc

SEXH

DNHEFE (1994) HARICBIT S 7 HAEH S 10HAE DA

BORFEIZHOVWT, SRIEWIEAIE, 21, 47-55,

AXIE L%, ERERE. m)IkE— (2002) TREREICET
LRI — T 2R+ 8% ) OSRENLIRLL T3
L OB BRI T —, B ARSI TERFFT TR
N0.2002-J-30,

AMeE &, HiE & (2018) S5EEFEIR IR OB LRI
Ze— & ATEFRERIC OV T—, I KRFBASCEES
SRR L D L RS v 2 — L pp.
13-16.

NUOTTHEZ B (1978) EBGERELEIHA, S HEERI, L

M,

(CEA314E1H 9 A 52 BE)





