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Fig.l1 Distrbution of iron-manufacturing ruins in Shiga prefecture.
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Table 2 Chemical compositions of the iron slag in Shiga pref (%)

Ruins Sample No. . : 5
;ﬁE«TB% ff*»'fﬁ""} SIO 2 TlOg Al 2 03 Fe 2 O 3 MnO MgO CaO K 2 O I 2 O 5
(Furuhasi) HRHO01 16.21 0.45 425 7542 040 1.43 093 083 0.09
[ HRHO02 18.47 040 522 7193  0.36 1.48 132 071 0.11

HRHO03 16.63 0.65 547 73.19 0.47 1.43 1.30 0.76 0.10

HRHO04 19.41 0.46 6.05  68.90 0.47 1.43 2.12 1.04 0.13

HRHO05 21.34 0.39 569  65.82 0.51 1.93 2.75 1.41 0.16

HRHO06 16.41 0.52 455 7418 0.51 1.39 1.57 0.79 0.09

HRHO07 18.08 0.67 6.18  70.61 0.47 1.44 1.51 0.87 0.17

HRHO08 26.47 0.82 892  57.46 0.67 1.73 2.47 1.30 0.16

HRHO09 9.79 0.39 246 83.75 0.46 1.53 1.08 0.47 0.07

(Kitamakino) KMKO01 29.09 0.54 8.10  55.88 0.30 0.71 3.35 1.62 0.41
fL~*x/ KMKO02 29.92 0.59 8.18  53.39 0.34 0.69 4.59 1.79 0.52
KMKO03 28.37 0.45 844  52.63 0.29 1.00 5.97 2.24 0.60

KMKO04 31.06 0.55 8.760  B2.77 0.37 0.52 3.79 1.84 0.35

KMKO05 2727 0.47 772 5237 0.28 2.98 6.96 1.47 0.47

(Okubiyama) OKBO01 29.93 0.28 8.03  50.49 0.47 2.15 6.16 1.90 0.59
FZ7 M OKB02 30.73 0.59 935 51.82 0.43 1.48 2.88 2.30 0.44
(ukawa) UKWO01 30.24 0.38 7.76  50.32 0.32 1.86 6.59 1.23 1.32
it i UKW04 29.54 0.26 8.54  53.14 0.40 0.78 3.92 1.84 1.57

UKW05 27.23 0.14 533 5274 0.50 0.77 9.45 1.28 2.55

(Taninokuchi-A) TKAO1 29.12 0.12 771 51.25 0.41 0.66 6.30 1.82 2.59
w/ 0A TKA02 30.42 0.22 7.78  48.71 0.46 0.89 6.88 1.61 2.96
TKA03 30.16 0.16 761  49.54 0.45 0.54 6.95 1.93 2.66

(Taninokuchi-B) TKAO1 30.47 0.28 548  49.96 0.51 242 8.91 1.49 0.47
%/ 1B TKAO02 30.04 0.38 492  50.67 0.63 2.87 8.80 1.26 0.44
(Yamada Jizoudani) YMJo1 37.60 0.14 7.51 37.25 0.43 1.33 10.90 1.76 3.01
1L b YMJ02 31.75 0.36 564  51.10 1.66 1.59 6.27 1.36 0.29

YMJ03 31.21 0.16 7.09 5412 2.17 0.12 1.92 2.63 0.57

YMJ04 32.11 0.54 11.24 46.79 0.56 0.34 5.22 2.80 0.39

(Usiroyama Azekura) Usyol 27.19 0.45 9.86 55.78 0.41 1.36 2.84 1.71 0.41
el usyo2 29.85 027 4.57 50.41 0.67 1.95 11.07 0.83 0.37




Ruins Sample No. .y 10, Al,05 Fep05 MnO MgO  CaO

P,05

HLH WEHER
(Sizuyama Kitakawa) KTGO01 25.67 0.77 998  57.27 0.58 1.99 1.94 1.54 0.25
EANE(WA] KTGO02 26.52 0.22 6.47 57.21 3.67 1.47 2.52 1.61 0.32
(Nenbutuyama Bentenjinja) ~ NEBO1 32.30 0.33 914 51.21 0.33 0.41 3.79 1.96 0.52
NS R E
(Futakuchi) HTKO02 35.03 0.47 11.63  39.46 0.30 0.64 7.63 1.46 3.98
= 1 HTKO03 30.96 0.39 9.32  45.03 0.29 0.80 7.63 1.46 3.86
(Bokebara) BKWO01 29.60 0.53 7.26  53.89 0.33 0.54 5.12 1.18 1.55
A K R BKWO02 35.34 0.45 6.05  50.86 2.79 0.24 2.67 1.41 0.20
BKWO03 33.98 0.64 6.92  51.18 0.85 0.52 4.37 1.33 0.22
BK W04 35.02 0.26 513  50.96 2.13 0.19 4.25 127 0.80
BKWO05 29.52 0.59 739 55.01 0.33 0.52 4.18 1.03 1.35
(Nojionoyama) NOJo1 16.21 0.45 425 7542 0.40 1.43 0.93 0.83 0.09
Fpig/NEF L NOJo02 18.47 0.40 522 7193 0.36 1.48 1.32 0.71 0.11
NOJo03 16.63 0.65 547 7319 0.47 1.43 1.30 0.76 0.10
NOJ04 19.41 0.46 6.05  68.90 0.47 1.43 212 1.04 0.13
NOJ05 21.34 0.39 569  65.82 0.51 1.93 275 1.41 0.16
NOJ06 16.41 0.52 455 7418 0.51 1.39 1.57 0.79 0.09
NOJo07 18.08 0.67 6.18 7061 0.47 1.44 151 0.87 0.17
NOJo08 26.47 0.82 892  57.46 0.67 173 2.47 1.30 0.16
NOJ09 9.79 0.39 246  83.75 0.46 1.53 1.08 0.47 0.07
(Nango Sakuratoge) NGS03 11.84 0.32 395  76.51 0.81 0.94 3.89 0.89 1.48
R PATS NGS04 4.38 0.15 094  91.70 0.08 0.36 1.64 0.00 0.75
NGS05 26.92 0.55 752  49.15 0.22 1.94 10.22 1.34 2.14
NGS06 26.25 0.24 483 5529 0.19 1.25 7.81 1.96 2.18
NGS07 8.68 0.21 2.02 8452 0.10 0.58 2.64 0.21 1.04
NGS08 5.55 0.00 157 9187 0.02 0.01 0.52 0.19 0.27
NGS09 5.40 0.10 157  90.27 0.02 0.73 1.15 0.08 0.68
NGSI10 26.35 0.31 6.61 5597 0.09 1.09 6.51 1.33 1.74
NGSI11 24.24 0.21 492 6021 0.12 0.97 5.41 1.70 2.22
NGS12 28.54 0.23 6.09  53.13 0.14 1.14 6.55 1.91 2.27
NGS13 25.47 0.21 499  59.43 0.17 0.97 5.48 1.61 1.67
NGS14 24.40 0.21 4.43  60.45 0.19 0.98 5.43 1.71 2.20
NGS15 17.02 0.28 518  66.19 0.22 1.62 6.41 0.79 2.29
NGS16 26.37 0.24 596  56.57 0.23 1.03 6.39 1.38 1.83
NGS17 25.37 0.21 495 5891 0.20 1.10 5.54 1.51 2.21
(Gennaitoge) GNTO02 34.62 0.15 422  54.02 0.19 0.65 3.95 1.27 0.93
A GNTO03 29.42 0.16 439 5819 0.17 0.79 4.24 0.93 1.72
GNT04 30.67 0.15 325 6284 0.23 0.36 1.48 0.86 0.16
GNTO05 30.41 0.21 515 5351 0.23 0.84 6.02 0.83 2.80
3 BRI (wt%)
Table 3 Chemical compositions of the iron ore in Shiga pref (%)
o STPe N’ S0:  TiO, AlO: Fe:0i MmO Mg Ca0 KO P:O
(Ukawa) UKWO02 18.53 1.04 217 70.18 0.83 2.69 3.92 0.15 0.49
Tl
(Keisokuji) KYKO01 2.51 0.20 1.83  94.45 0.36 0.41 0.00 0.01 0.24
T L 2
(Nango Sakuratoge) NAGO1 31.18 0.24 1050  34.83 0.13 6.07 13.44 0.69 2.92
A R NAGO2 1.60  0.01 040 9429  0.05 0.25 220 0.01 1.18
(Gennaitoge) GNTO1 3.10 0.15 0.10 9535 0.12 0.29 0.58 0.03 0.27
5t A




£d IRREDALAHLK (Wtd6)

Table 4 Chemical compositions of the iron manufacturing furnace in Shiga pref (%)

Ruins Sample No. . .
R, ZORIR Si0, TiO, Al,03; Fe,O03; MnO  MgO Ca0O K,O0 P,0;5
(Huruhasi) HRHI10 50.59 0.77 13.91 27.90 0.23 1.78 1.53 3.06 0.23
Wy 5
(Okubiyama) OKBO01 59.80 0.32 18.92 13.93 0.10 0.10 1.28 5.70 0.36
F 7 el OKB02 61.12 0.33 17.06 15.17 0.13 0.41 1.10 4.63 0.05

OKB03 56.54 0.36 5.70 2027 0.13 0.08 1.34 5.01 0.59
UKWO03 60.65 0.22 21.50 11.68 0.15 0.23 1.07 4.36 0.14
(Yamada Jizoudani) YMJ05 80.32 0.12 12.60 2.67 0.12 0.00 0.14 3.96 0.07

IRTEERIILN: R
(Nenbutuyama Bentenjinja) NEB02 62.62 1.11 16.99 14.61 0.25 0.52 1.14 2.32 0.43

N INTIES R IE
(Futakuti) HTKO01 67.99 1.04 16.93 8.29 0.25 0.79 1.46 2.92 0.34
_ I

(Nango Sakuratoge) NAGI8 70.18 0.51 21.53 3.79 0.02 052 0.21 3.21 0.03
IR A NAGI19 73.13 0.51 19.14 3.44 0.02 0.51 0.21 3.04 0.03
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Fig. 7 Result of X-ray diffraction analysis of slag at Yamada-J Izodani ruins, YMJ01.
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Fig. 10 Result of differntial thermal analysis of, slaf at Ukawa ruins, UKW01.
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We have studied iron-manufacturing techniques in ancient Omi with relic collected by
field investigations at 15 iron-manufacturing sites distributed in Shiga prefecture.

In this paper results of scanning electron microprobe analysis with energy dispersive X-
ray spectroscopy, X-ray diffraction analysis and differential thermal analysis are shown on
iron ore, slag and crucible clay collected from northem, eastem and southern area of Biwa
lake.

The results of this study are as follows;

1. In ancient Omi magnetite was used as raw material, although iron sand
(titanomagnetite) was used at almost all the other areas in ancient Japan.

2. At southern area of Biwa lake the concentration of phosphorus in the slag are high, on
the other hands that is low at northem area.

3. At northem area of Biwa lake, the concentration of calcium in iron slag from Kita-
makino ruins is obviously higher than that from Furuhashi ruins. It suggests that iron ore
collected from defferent mines were used at these two ruins indivibually.

4. From some ruins both high-phosphorus slag and low-phosphorus slag were collected.
Two kinds of iron ore with defferent chemical compositions were assumed to be used there.

5. It is supposed that the iron manufacturing in ancient Omi was carried out above the

temperature range 1112 to 1138°C.



