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KD BESEL LT RS GEGE R (ppm)

T OFE H—t H-2 H—3 H—4 H~5 | -6 H—-7 H-—8 HH—9 H—-10
Na, X10 | 504 124 805 |1 50 ;362 ! ) 209 870 | 1120
K, X102 | 242 225 | 212 213 169 234 199 257
Fe, x102| 44.3 | 225 44,0 | 48.9 | 45.8 | 41.1_ [ 136 174 42.3 | 135
Rb 300 137 gy Y se9 | oera ] 336 4| a1 ‘142 262 400
Cs 4.6 15.2 57.3 56.7 62.4 | 53.1 14.4 | 15.8 51.3 78.6
Ba 199 503 | 159 119 174 68.2 | ‘401 | 476 210 184
Co 0.885  7.43 3.26 4.14 0.745.  0.947  5.60| 6.78 1.48 7.94
Sc 1.01 | 19.9 “1.05] 1.19 1.2 o.888  14.3 16.3 1.17 3.15
Za 59.5 | 126 53.2 69.2 | 49.4 91.2 | 110 45.8 99.8
As 59.6 | 0.796 2.43 0.869 4.61 1.057  0.509 1.44 '6:88 2.72
Sb 15.7 188 | 10.2 5.4 | 27.9 3021 © 2:09| 1.850 142 | 3.60
La 4.46 | 45.0 8.18 | 10.7 7.05 6.97 0 44.9 | 42.3 5.02 | - 12.4
Ce 8.63 | 84. 5.0 | 12 13.3 | 12.6 | 79.0 “ A | 10p | 327
Nd 41.7 60.0 | 5.3 -
Sm 2.44| 7.36 3.80 3.60 | 3.89| 330 6.64 6.48 2.54 3.55
Eu 1.68 0.557 0410 C.2420  0.273)  1.63 1.55 0.523
Tb 0.483| .75  0.860,  0.830  0.9%2]  0.895  1.06 1.03 0.539  0.689
Yb e 34| Les] 135) 0 LAl 1,94 3.25 | 3.a3| 142 1.0
Lu Loo.3s . assQ  0.468 . 0.413 0489 0.417. 0.568 0.634 « 0.343  0.287
HE .82 7.80 |, 3.3 3.28 3.7 2.4 7330 7.63 2.32 3.35
Ta ‘04 13870 78] 7.60|  T.34|  7.500 123070 1.46| 4.08| 106
Cr: b e SRS . 1 99.3 | 103 ' o
Th . 3.70 | 14.7: 5.40 |, 4.88| 5.61 | 4.62| .12.6 | 14.2.| 4571 90.00
U 11.8 | 2.87 9.27 5.83 | 12.3 q0l 2.2 2.601. 8.88 | 72T
F2 XIFURAE R4 0 A R (ppm)
R H—12 H—13 H—14 H—15 H+-16 H—17 .| H-18
' Na, x10 564 384 470 gar | stz 97,7 79.5
K, X102 177 252 208 175 150 © 183 229
Fe, X102 29.6 37.0 48.5 45.6 48.4 172 36.2
Rb 207 315 262 259 . 208 112 270
'Cs - 296 . 46.0 56.8 17684 f1 . (38,7 121 5l.4
Ba. 141 | 190 206 15, |, uz 340
Co 0.630 |  0.670 1.30 1.74 1.45 3.67 1.17
e 0.872" “1.07 1.17 1,20 2040 | 15.0 " 0.965
Zn 34.7 | . 32.8 4.7 55.0 71 sma |t 929 40.3
As 44.8 1.14 37.3 2.97 50.5 1.06 i 4.43.
Sb 8.79 9.17 32.3 28.4 10.4 2.05 46.0
La 3.61 4.70 6.56 7.90 11.7 39.7 7.91
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Hifed
IG & H—-12 H—13 [—14 | 15 H—16 H=—~17 H—18
Ce 7.22 8.80 3.7 13.4 22.2 4.0 15.9
Nd j 34.4
. Sm - 1.71 2.64 3.48 | 1.37 2.28 6.13 2.41
- Eu 0.282 0.439 1.40 0.224
~Th 0.281 0.362 0.633 0.740 0.595 0.812 0.709
Yb 0.700 0.976 §.43 1.52 i.29 2.78 1.66
Lu 0.224 0.360 0.445 0.413 0.336 0.582 0.362
HE 1.57 2.03 2.84 2.86 2.68 6.91 2.66
. Ta 2.77 3.74 5.96 6.42 4.47 1.06 7.79
.+ Cr 14.7 84.5
o Th 2.85 3.95 5.57 5.83 5.22 2.9 5.57
Y 7.01 12.3 12.8 10.3 676 239 1 7.08
I B EEIERPIBS AFENGRE(ppm) Fa BolbaaERP s T EOER(ppm)
R ,'_H~2o H-21 H—ZZ\ e 5 # | H—23| H—24]| H—25| H—26| H—27| H—28
Na 61 | oo | ess | srotiso Na, x10 | 752 547| 2241{ 712| 1040 1140
K i 201 239 226 | 222416 K, x1p2 | 226 268{ 210| 207! 273! 238
Fe | 421 | 41.7 | 49.5 |46.443.2 Fe, x10%| 74.4| 121| 48.3| 122| 78.5| 162
" Rb 274 290 310 | 291415 Rb 218 384| 339 828 480 388
Cs 49.5 | 44.2 | 48.1 |47.3+2.2 Cs 22.6 | 48.2| 63.0 98.6| 47.2| 48.3
" Ba | 203 229 181 | 204-£20 Ba 156 | 242 158| 137 189 260
Co 1.32 10.837 {0.933 |1.0340.21 Co 2.48 | 8.63| 2.76 | 9.92] 22.4] 49.0
Sc t.20 | t.18 | 1.06 |1.1840.09  Sc 3.28 | 4.36 | 0.943 | 4.66| 3.09| 4.45
Zn 50.7 | 40.2 | 50.3 | 47.144.9 Zn 4.6 | 59.3) 7T5.0| 81.1| 66.8 | 89.7
As 16.0 | 2.76 | 3.41 | T.4%6.1 As 9.12 | 8.99 | 16.2| L.a1] 1.7 6.21
Sb 13.3 1 16.4 | 17.2 | 15.841.7 Sb 5.73 | 8.41| 8.67| 1.65! 2.50| 7.50
La 5.08 | 5.47 | 5.19 | 5.550.35 La 11,51 26.7 5.90| 12.5] 9.421 27.1
Ce 11.3 | 11.9 | 10.7 {11.3%0.5 e 22.4| 39.2 9.32| 25.8| 20.3]| 56.6
Nd : Nd N
Sm. | 2.86 | 3.03 | 2.85 | 2.9140.08  Sm 2.821 4.40{ 2.98( - 4.48 1! 4.48 | 4.79
Eu | 0.207 Eu 0.436 | 0.806 | 0.277 | 0.363 | 0.477 | 0.841
Th {0.490 [0.526 |0.616 [0.5444:0.052 Tb 0.509 | 0.492 | 0.651 0.439 9.496‘ 0.545
“vbh 1.28 | 1.34 | 1.29 |1.30+0.03 Vb 0.696 | 1.28] 1.36] 0.973] 1.12] 1.08
Lu | 0.370 |0.379 |0.355 |0.368+0.10  Lu 0.184 | 0.308 | 0.375 | 0.366 | 0.270 |0.282
Hi | 2.22 | 2.55 | 2.43 |2.4040.14  Hf 2.26 | 4.031 2.80] 2.84| 2.56| 4.65
Ta 4.44 | 4.82 | 4.85 ) 4.70+0.19 Ta 2.46 . 5.90 | 6.85| 14.1| 5.97| 3.28
e ) Cr 7.56 7.71 | 10.5
Th 4.94 | 4.86 | 4.59 |4.79%0.15 Th 12.0 | 13.6| 4.47| 11.4] 8.64| 15.3
B 10.0 | 10.7 | 10.7 }10.5+0.3 U 3.22| 7.43| 8.75| 4.10| 6.06| 7.36
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#5 AFEEERFEER PR TE S R(ppm)

5 % | H=29| H—30 |"*H—31 | H—32! H—33 | H—234 H-35‘ H—36} H—37\ H'——47i H~—4sl H-49
Na, X10 { 850 798 558 | 1440 628 | 1030 964 ot0 | 1270 2310 1880 | 1110
K, X102 | 925 253 276 212 316 293 231 o5 | 242) 222 202 248
Fe, x10%| 866 863 633 733 615 844 989 g70 | 063 | T46| 892 634
Rb - 282 444 | 266 278 397 379 538 677 | 725 | 393 565 | 322
Cs 31.3°| 54.4 | 26.0 | 30.3 | 31.2 | 40.0 | 87.6 | 87.7| 8.4 41.8| 62.1, B31.8
Ba 309 218 334 | 250 | 93.1 111 185 | 72.8] 187 © 208
Co 5.72 | 4.71 | 4.36 | 3.69 | 12.4 | 6.79 | 6.73 4.70| 7.821 6.19
Sc 6.11 | 7.29 | 10.8 | 3.45 | 3.57 | 4.02 | 4.15 | 3.45| 3.63| 2.27| 2.46| 2.23
Zn 56.6 | 53.6 66.9 | 35.7 | 59.0 | 69.5 | 69.6| 53.1| 62.0| 64.3'' 105
As 1.96 | 12.1 | 1.69 | 2.64 2.03 | 2,31 | 2.40| 0.084 | 2.86 1.73
Sh 1.95 | 3.19 | 1.46 | 1.55 | 1.48 | 3.57 | 1.55 | 1.56| 0.999 | 1.40| 1.91 | 1.4
La 35.0 | 28.1 | 46.5 { 3t.3 | 20.0 | 19.4 | 19.6 | 12.7] 15.4) 1.2 10.2| 9.44
Ce - 61.1 | 49.7 | 70.3 | 59.0 | 37.5 | 34.0 [ 30.2 | 2241 50| 20.8| 21.0| 103
Nd 7.90 | 54.0 | si.2 | 30.2 | 34.4 i ‘ \ ‘
Sm 6.75 | 4.86 | 8.79 | 5.26 | 4.67 | 4.08 | 4.16 | 5.76 | 550 | 4.98 | 4.25| 5.1
Eu 1.1 }0.993 | 1.72 | 1.16 6.612 D.481 | 0.321
T - 0,719 | 0.584 | 0.840 10.305 | 0.453 | 0.748 | 0.504 | 0.595 | 0.554 1 0.648 | 0°513 0:784"
Yb 1.87 | 2.09 | 2.48 170 ) 185 | 167 | 1.59 | 1.630°1.28| 1.47{ 1.7 1.52
Lu 0.401 | 0.433  0.543 | c.364 |0.353 |0.357 | 0.370 | 0.344 | 0.388 | 0.366 | 0.289 | 0,339
Hif 443 | 494 | s.07 | 486 | 3.10 | 3.37 | 3.33 | 3.24| 2.79| 3.08| 2.76| 2.86
Ta 253 | 715 | 3.28 | 4.60 | 5.97 | 5.34 | 8.68 | 8.70| 10.3| 8.64| 8.90 l 4,67
Cr l_ 20,2 | 34.6 | 52.6 | 13.2 | 7.76 | 3.48 | 6.67 | 5.85 | 4.20| 4.64 ] '33.6
Th 1 13.6 | 105 | 13.9 | 10.4 | 17.0 | 4.7 | 11.8 | 104 11.4] 6.87] 7.61 | 7.70
18] 5.22 | 7.32 | 4.08 | 5.37 | 6.61 | 6.79 | 6.69 | 7T.70 | 10.9 8.41 | 5.7 % 6.51
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TRACE ELEMENTS 1IN A,NCIENTVCERAMICS
IV.ANALYSIS OF SPECIMENS FROM
JINGDEZHEN KILNS(PART 1)

LI HUHOU |
(Institute of Archaeology, Chinese Academy of Social Sciences, Bez;jing)

SUN YONGIUN ZHANG XIANGDONG

(Institute of Atomic Energy, P.O. Box 215, Beijirig)_

ABSTRACT

‘In the last ‘period of Tong Dynasty, Jingdezhen began its production of
ceramics. During the Song Dynasty, the ceramic industry greatly developed
and produced fine white ware at Hutian. In the Yuan Dynasty, Hutian became
the centre of production making the world famous blue and white wares. Here
‘are reported results of analyses of ancient porcelians of Hutian in Jingdézhen
by reactor neatron activation analysis. The results show that thepatterns of
eight rare earth elements are dpparently different for producfs in different
periods, indicating that methods for producing ceramics or kinds of clay used
were different. The contents of some other trace elements such as hafnium,
tantalum, thorium and uranium show the same regularity in difference of com-
position also. ;

Key words Ancient ceramic, Trace element, Activation analysis, Jing-

dezhen.



