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Abstract
The accurate X-ray fluorescence analysis for copper ores, smelting funaces and slags of widely

varying composition has been achieved using a fundamental parameter correction method with

reference geochemical materials. Powders rich in heavy metals were prepared by mixing of iron

oxide and sulfides with GSJ (Geological Survey of Japan) geochemical reference rocks, and

were used as reference materials in the correction procedure by a fundamental parameter method.

Detection limits were about 50 ppm for major elements having small atomic numbers and about

2 ppm fir heavy elements.

Copper ores, smelting funaces and slags were obtained from the Eboshi ore body at Naganobori,

Yamaguchi Prefecture and Maruyama ore body at Tsumo, Shimane Prefecture. The age of remains

of a fragment of smelting furnace and a disc of slag from two mine sites were assumed to be the

Edo period. Analytical results shows that the composition of a slag at Naganobori preserves the
original characteristics of ore and that at Maruyama has a strong influence from furnace materials.
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Sample No. JB-2 JA-3 JB2-30Fe JB2-40Fe JB2-50Fe JA3-20Fe  JA3-35Fe JA3-S

Si0: (%) 53.25 62.27 35.50 26.63 17.75 50.00 33.34 28.32
TiO, 1.19 0.70 0.79 0.60 0.40 0.56 0.37 0318
Al O, 14.64 15.56 9.76 732 4.88 12.49 8.33 7.08
Fe.0.* 14.25 6.60 42.83 57.13 71.42 25.00 50.00 24.74
MnO 0.22 0.10 0.15 0.11 0.07 0.08 0.06 0.078
MgO 4.62 3.72 3.08 231 1.54 2.99 1.99 1.692
Ca0 0.82 6.24 6.55 491 3.27 5.01 3.34 2.84
Na,O 2.04 3.19 1.36 1.02 0.68 2.56 1.71 1.45
K0 0.42 141 0.28 0.21 0.14 1.13 0.75 0.64
P,0; 0.10 0.12 0.07 0.05 0.03 0.09 0.06 0.053
LOI 0.25 0.20 0.17 0.13 0.08 0.16 0.11 0.09
S (ppm) 18 214 12 9 6 172 115 124527

Cl 281 187 141 94
Cr 28 66 19 14 9 53 35 30
Ni 17 32 11 8 6 26 17 15
Vv 575 169 383 288 192 136 90 77
Zn ‘108 68 72 54 36 54 36 66112
As 3 5 2 1 1 4 3 2
Zr 51 118 34 26 17 95 63 54
Pb 5 8 4 3 2 6 4 43839
Ga 17 16 11 9 6 13 9 7
Rb 7 37 5 4 2 29 20 17
Y 25 21 17 12 8 17 11 10
Cu 225 43 150 113 75 35 23 86528
Sr 178 287 119 89 59 230 154 131
Ba 222 323 148 111 74 259 173 147
Co 38 21 25 19 13 17 11 22
Nb 2 3 1 1 1 3 2 2
Th 0 3 0 0 0 3 2 1
U 0 1 0 0 0 1 1 1
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#2 EXEHIL, #EAILMR L ORI A - MEE - FREOSITER
Gt REREET HRRHL L
;i ) KFEE pelE g E1¥e) YFBE RIS %g ‘?‘iﬁﬂg&:
HEES 030419-12a  030420-23al  030420-22b 030422-2 030423-1a 030423-4 @mjgag?.
m REWE wefs  mwk | FoAE BT ik
Si02 (%) 49.44 70.19 49.76 39.92 61.29 39.10 0.02
TiO2 0.05 0.32 0.06 0.04 1.16 0.49 0.002
ALO3 1.05 17.83 2.10 1.74 18.43 3.97 0.01
FeO* 23.17 3.01 27.14 26.11 9.11 35.04 0.002
MnO 1.32 0.04 1.16 0.13 0.10 0.39 0.001
MgO 0.90 0.66 0.72 12.72 2.46 6.66 0.004
Ca0 21.03 0.27 17.95 4.68 0.45 12.07 0.002
Na20 0.24 0.18 0.12 0.78 0.25 0.18 0.005
K20 0.07 3.87 0.52 0.09 1.83 0.39 0.001
P20s 0.02 0.05 0.05 0.25 0.11 0.14 0.001
H2O+ n.d. 1.47 n.d. n.d. 1.81 n.d.
i 97.29 97.89 99.58 86.46 97.00 98.43
S (ppm) 19600 291 937 160700 552 2765 1.4
Cl 177 0 243 0 0 0 10
v 28 30 32 29 124 67 11
Co n.d. 9 n.d. n.d. 26 n.d. 24
Cu 14700 5410 5050 2833 571 1343 2.5
Zn 273 358 488 30180 2150 3342 3.5
Pb 5 8970 55 1241 342 246 3.2
As 0 0 12 0 30 0 0.8
Rb 2 158 17 2 108 15 1.1
Sr 10 16 44 4 36 28 0.3
Ba 0 343 35 0 382 84 29
Ga 1 44 4 0 26 6 0.9
Y 9 17 12 4 22 15 13
Zr 0 154 7 1 247 s0 0.9
Nb 1 14 2 1 20 7 1
Th 107 49 32 13 8 5 1.6
U 1 3 0 0 2 0 6

FeOx = 8% kW (Fe0) & LTHEF: n.d = BIEET, 0 = RERALLT
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