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Fig. 1
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Sketch showing general geology of the HJC uranium mine (after unpublished data

offered by Changsha Institute of Uranium Geology, 1970) and of the selected soil profiles
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1—Carbonanous black shales and slates of the Duoshantuo Formation of Sinian; 2—carbonanous black shales of the Liuchapo Formation of

the Sinian; 3—carbonanous black shales of the Yanxi Formation of the Lower Cambrian; 4—uranium ore body; 5—fault; 6—stratic

boundary; 7—location of soil profile; 8—light yellowish and yellowish white soil layer; 9—brownish grey and grey yellowish soil layer; 10—

soil sample location and number marked; 11— the Zijiang river
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Table 1 Concentrations (%) of major elements of soil samples and the corresponding bedrocks

from the selected soil profiles at the HJC uranium mine in central Hunan, China

A B
ol TR
YHI1 YH2 YH3 YH4 YH5 YH6 YH7 YX1 HJ1 HJ2 HJ3 HJ4 YX2
pH 4. 98 4. 46 4. 85 4. 81 4.76 5.21 5.03 - 4.41 4. 61 4. 89 4. 81 —
TOC 2.01 2.17 2.73 1. 98 1. 63 2.14 2.16 - 0.70 1. 11 0. 80 1. 07 -
SiO; 74. 34 73. 86 72.42 73.19 72.30 73.9 72.33 70.51 63. 45 62.97 63. 20 63. 89 58.75
TiO, 1.07 1. 06 1.03 1.05 1.07 1.02 0. 96 0. 87 0.95 1. 00 0. 98 1. 00 0. 61
Al, O 9.59 10. 24 10. 85 10. 61 11. 04 9. 66 10. 38 10.12 15. 54 15. 58 15. 48 15.21 14. 23
Fe, O5 (') 4. 58 4. 86 5. 04 4. 81 5. 11 4. 91 5.25 4.02 7.36 7.28 7.18 6. 87 4.97
FeO 2.47 2.17 2.50 1.79 2.42 2.63 2.65 2.19 2.00 2. 60 1.77 1.82 1. 66
MnO 0. 056 0. 063 0. 06 0. 054 0. 065 0.07 0. 08 0.01 0. 045 0. 043 0. 041 0. 042 0.01
MgO 0.72 0. 76 0.78 0. 77 0. 81 0.72 0. 80 1.59 1. 04 1.02 1. 04 0.99 1. 28
CaO 0. 26 0.23 0.21 0.21 0. 20 0.29 0.31 0.07 0.11 0.12 0.12 0.13 0.18
K. O 1.57 1. 68 1. 80 1. 80 1.72 1.62 1. 99 4.51 2.62 2.42 2.57 2.39 3.72
Na, O 0.15 0. 15 0.15 0.16 0.15 0.16 0. 14 0.11 0.13 0.13 0.12 0.13 0. 26
P, Os 0. 14 0.13 0.11 0.12 0.12 0.18 0.23 0. 04 0. 086 0. 088 0. 088 0. 086 0.17
Ig 7.36 6.76 7.42 7.08 7.22 7.30 7.36 7.54 8. 54 9.24 9. 10 9.22 12. 38
Total 94. 95 95. 20 94. 95 94. 56 95. 01 95. 16 95.12 94. 04 93.33 93. 25 92.59 92. 56 85. 84
Fet3/Fet2® 0.77 1.12 0.91 1.52 1. 00 0.78 0. 88 0.75 2.41 1.62 2.75 2.50 1.79
CIA® 83. 68 83. 80 83.78 83. 35 84.53 83.28 82. 06 68. 15 84. 46 85. 37 84. 64 85.16 77.04
Al O3 /Si0; 0.13 0. 14 0.15 0. 14 0.15 0.13 0. 14 0.14 0.24 0. 25 0.24 0. 24 0. 24
CaO/MgO 0. 36 0. 30 0. 27 0. 27 0. 25 0. 40 0. 39 0. 04 0.11 0.12 0.12 0.13 0.14
K,0O/Na; O 10. 47 11. 20 12. 00 11. 25 11. 47 10. 13 14. 21 41. 00 20. 15 18.62 21. 42 18. 38 14. 31
] A = 2
! " HB1 HB2 HB3 HB4 HB5 YX3 US1 Us2 US3 US4 USs Us6 us7 YX
pH 4. 94 5. 80 5.23 6. 34 6.72 — 4.33 4.42 4.43 3.76 3. 65 3.90 3.81 —
TOC 0.17 0.25 0.23 0. 27 0. 28 - 0. 91 0. 64 0. 54 1. 02 0. 62 0. 66 0.93 -
SiO; 61.37 | 61.62 | 62.05 | 65.66 60. 8 59.18 | 74.74 | 74.94 | 75.41 | 78.18 | 78.35 | 78.21 | 77.46 | 62.81
TiO: 0. 82 0. 85 0. 83 0. 94 0. 82 0. 80 0.78 0.79 0.78 0.72 0.72 0. 56 0. 59 0.76
Al O 18.25 | 17.24 | 16.68 | 14.82 | 16.43 | 11.24 | 10.19 | 10.34 | 10.33 9. 04 8. 68 8. 02 8.02 11. 86
Fe, O5 (') 4.55 6. 82 7.19 6.13 6. 99 3.54 4. 43 4. 37 4. 31 3.01 3.07 4.63 4. 87 4.18
FeO 0. 48 0.67 0. 54 0. 50 0. 59 0. 54 1.78 1.13 0. 82 1. 38 1. 60 0.98 0. 89 1. 46
MnO 0. 04 0.07 0.08 0. 10 0. 10 0.01 0. 06 0. 06 0. 06 0.02 0.012 0.02 0. 02 0.08
MgO 2.11 1. 45 1. 42 1. 38 2.15 1.27 0.91 0.92 0. 94 0.78 0.78 0.79 0. 77 1. 38
CaO 0.13 0. 15 0. 14 0. 26 0. 44 0.19 0.12 0. 10 0.09 0. 10 0.09 0. 10 0.09 0.15
K. O 4. 34 3.22 3.32 2.73 2.87 2.68 2.02 2.06 2.09 2.09 2.11 2.02 2.00 3. 64
Na; O 0.12 0. 14 0. 14 0.22 0.23 0.28 0.13 0.13 0.13 0. 14 0.13 0.09 0. 10 0.22
P, 05 0. 10 0.12 0. 10 0. 07 0. 086 1. 56 0.13 0.11 0.11 0.17 0.19 0. 38 0. 30 0.59
Ig 7.04 8.12 7.88 7.52 8.98 14. 4 6. 26 5.92 5.52 5.52 5.62 4.90 5. 50 11. 44
Total 92.31 | 92.35 | 92.49 | 92.81 | 91.50 | 81.29 | 95.29 | 94.95 | 95.07 | 95.63 | 95.73 | 95.80 | 95.11 | 87.05
Fe™ /Fe™2® 7.63 8. 26 11.08 | 10.13 9.76 5. 00 1. 34 2.58 3.83 1. 06 0. 83 3.35 4.02 1. 67
CIA® 79.94 | 83.12 | 82.25 | 82.38 | 83.15 | 77.62 | 81.78 | 81.87 | 81.72 | 79.51 | 78.84 78. 4 78.55 | 74.78
Al O3 /Si0; 0. 30 0.28 0.27 0.23 0.27 0.19 0. 14 0.14 0.14 0.12 0.11 0. 10 0. 10 0.19
CaO/MgO 0. 06 0.10 0. 10 0.19 0. 20 0.15 0.13 0.11 0. 10 0.13 0.12 0.13 0.12 0.11
K;0O/Na; O 36.17 23 23.71 | 12.41 | 12.48 9.57 15.54 | 15.85 | 16.08 | 14.93 | 16.23 | 22.44 | 20.00 | 16.78

T YXL.YX2,YX3 53531y AR L 3] 11 ) 8 o 5 YX Ry 3 AN B i - 2441
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K;0) X100, CaO* WEERRER  CaO B #r 4t 4K Martin %5 (2006) ({177 B2 45 1F , 4 CaO<<Na O I, CaO* Bl g CaO B8t , 4 CaO>Na, O i, CaO " i
Na, O [ & BRI, A% Tl bt shm B F 5% B XA 59 28 Ja i 50 86 % XRD AW 45 5% e s IR 1%
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Fig. 2 ANK diagram of major elements of the soils

from the selected profiles

A—ALO; s N—CaO* +Nay O3 K—K, 0 (CaO* ZIE B3 1 S—
ABLC.D % F T b 3 5 CAS— i [ 3 3 1 38 (BB B A" #0815 4
1997) s YX—B" X 3 DI FE 1 (E

A, N, and K represents contents of Al;O;, CaO* +Na;O, and K,
O respectively; S, CAS and YX represent soil samples from the
selected soil profiles, the average China soils (Yan and Chi, 1997)
and the average composition of three bedrocks of this study,

respectively
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Plots of Fe™ /Fe™ vs. pH (a) and TOC (b) values, and Zr vs. Hf (¢) and Ta vs.

Nb (d)
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Table 2 Concentrations ( X 107¢) of heavy metals in soil samples and average bedrock from the selected soil profiles
and some metal ratios and enrichment factors of soils at the HJC uranium mine in central Hunan, China
I A 2 CASY
e | YHL | YH2 | YH3 | YH4 | YHS5 | YH6 | YH7 | ¥# | Ks@ | HJ1 | HJ2 | HJ3 | HJ4 | ¥ | Ks®
Ba 507.7 | 584.3 | 565.1 | 558.3 | 565.5 | 547.4 | 730.7 | 579.9 | 1.16 | 945.1 | 896.2 | 965.9 | 822.5 |907.43| 1.81 500. 0
Sc 10.1 | 11.08 | 11.35| 11.36 | 11.7 | 10.71 | 11.52 | 11.12 | 1.01 | 17.65 | 18.29 | 17.98 | 17.04 | 17.74 | 1.61 11.0
\ 118.9 | 123.8 | 125.1 127 132.9 | 140.3 | 164.8 |133.26| 1.63 | 152.6 | 160.2 | 177.6 | 155.6 | 161.5 | 1.97 82.0
Cr 77.61 | 81.38 | 77.62 | 76.87 | 79.5 | 78.53 | 83.49 | 79.29 | 1.22 | 111.7 117 119.3 | 106.3 | 113.6 | 1.75 65.0
Mn | 402.1 | 441.8 | 436.8 | 377.8 | 477 | 481.4 | 560.4 | 453.9 | 0.76 | 360.3 | 348.1 | 322.3 | 307.2 | 334.5 | 0.56 600. 0
Co 11.5 | 13.31 | 13.29 | 12.01 | 13.72 | 14.07 | 13.73 | 13.09 | 1.01 | 13.18 | 15.34 | 15.81 | 13.85 | 14.55 | 1.12 13.0
Ni 26.04 | 28.23 | 27.33 | 25.4 | 28.41 | 32.69 | 34.17 | 28.9 1.11 | 35.66 | 42.02 | 39.8 | 35.29 | 38.19 | 1.47 26.0
Cu 36.88 | 35.07 | 36.42 | 33.44 | 34.83 | 40.03 | 52.2 | 38.41 | 1.60 | 53.82 | 52.24 | 50.08 | 48.17 | 51.08 | 2.13 24.0
Zn 81.06 | 78.41 | 80.74 | 81.17 | 90.39 | 104.7 | 108.5 | 89.28 | 1.31 | 90.95 | 107.7 | 97.64 | 104.8 | 100. 3 | 1.47 68.0
Mo 22.02 ] 23.27 | 18.93 | 19.22 | 20.39 | 24.45 | 30.06 | 22.62 | 28.28 | 5.476 | 9.752 | 6.108 | 5.488 | 6.706 | 8.38 0. 80
Cd 0.785 | 0.655 | 0.508 | 0.606 | 0.627 | 0.97 | 1.204 | 0.765 8.5 0.33 | 0.379 | 0.416 | 0.387 | 0.378 | 4.20 0.09
Sn 6.952 | 7.291 | 7.491 | 7.904 | 7.66 7.26 | 7.774 | 7.476 | 2.99 | 9.221|9.602 | 9.44 |9.693 | 9.489 | 3.80 2.50
Sh 4.906 | 5.636 | 4.23 | 4.952| 5.01 5.36 | 4.998 | 5.01 6.27 | 5.678 | 4.572 16.091 | 4.29 5.16 6. 45 0. 80
Tl 0.76 | 0.819 | 0.855]0.833 | 0.908 | 0.768 | 0.857 | 0.83 1.38 | 0.966 | 0.987 | 0.949 | 0.965 | 0.97 1.61 0. 60
Pb 34.18 | 34.07 | 35.23 | 29.58 | 32.6 33.7 | 35.23|33.51 | 1.46 | 30.98 | 32.68 | 34.6 | 32.05 | 32.58 | 1.42 23.0
Th 16.45 | 18.04 | 16.82 | 16.96 | 17.19 | 16.63 | 16.65 | 16.96 | 1.36 | 21.95 | 21.82 | 21.67 | 20.9 | 21.59 | 1.73 12.5
U 8.568 | 8.35 |8.273 | 8.67 |9.345|9.754 | 13.09 | 9.44 | 3.63 5.48 | 5.483 | 5.55 | 5.671 | 5.55 2.13 2. 60
Th/U | 1.92 2.16 2.03 1. 96 1. 84 1.71 1.27 1.8 4.01 3.98 3.9 3.69 3.89 4. 81
Zn/Pb | 2.37 2.3 2.29 2.74 2.77 3.11 3.08 | 2.66 2.94 3.3 2.82 | 3.27 | 3.08 2.96
Pb/U | 3.99 | 4.08 | 4.26 3.41 3.49 3. 46 2.69 3.55 5.65 5.96 6.23 5.65 5.87 8. 85
Mo/Cd| 28.05 | 35.53 | 37.26 | 31.72 | 32.52 | 25.21 | 24.97 | 29.57 16.59 | 25.73 | 14.68 | 14.18 | 17. 74 8. 89
V/U | 13.88 | 14.83 | 15.12 | 14.65 | 14.22 | 14.38 | 12.59 | 14.12 27.85 | 29.22 32 27.44 ] 29.12 31.54
Co/Ni| 0.44 0.47 0.49 0.47 0.48 0.43 0.4 0.45 0.37 0.37 0.4 0. 39 0.38 0.5
EI® 3.67 3.78 | 3.26 3.38 | 3.56 4.12 4.58 | 3.80 2.78 | 2.65 2.38 | 2.57 | 2.46
9 C D Uxo
B2 | HB1 | HB2 | HB3 | HB4 | HB5 | ¥y |Ks®| USL | US2 | US3 | Uss | Uss | use | Us? | £ | Ks®
Ba 2255 |1561.7|1360.6| 1033 |1150.8|1472.2]2.94| 459.2 | 428.1 | 442.1 | 592.3 | 570.9 | 655.5 | 852.3 |571.5| 1.14 | 840
Sc [ 18.18 | 17.89 | 18.33 | 15.84 | 17.42 | 17.53 |1.59| 10.17 | 10. 06 | 10.24 | 10.56 | 9.036 | 8.55 8.83 | 9.64 ]0.88(9.619
\ 164.8 | 178.5 | 169.7 | 147.5 | 156.9 | 163.5 |1.99] 236.3 | 218.2 | 189.5 | 678.6 | 684.2 |1149.3]1096.3|607.5| 7.41 |460. 2
Cr | 134.5|87.29| 98.1 84.8 | 88.25|98.59 [1.52| 73.92 | 83.51 | 77.08 | 107.4 107 138.8 | 139.8 |103.9| 1. 60 |68.57
Mn | 271.9 | 538.6 | 630.5 | 854.8 | 721.6 | 603.5 |1.01| 416.7 | 413.4 | 389.7 | 84.3 | 59.39 | 78.79 | 100.1 |220.3]| 0.37 |92.59
Co | 16.76 | 28.7 | 27.65|24.66 | 21.76 | 23.91 |1.84| 11.3 | 11.46 | 11.97 | 3.737 | 2.297 | 2.41 | 2.931 | 6.59 | 0.51 |12.47
Ni 46.08 | 60.35 | 52.76 | 50.2 | 59.09 | 53.70 |2.07| 26.92 | 33.34 | 26.65 | 19.29 | 15.44 | 13.12 | 14.69 |21.35]| 0. 82 |63. 27
Cu |59.82| 57.2 |56.84 |42.34| 49.7 |53.18|2.22|49.64 | 41.53 | 48.89 | 57.96 | 43.05 | 72.8 67.5 |54.48| 2.27 |57.86
Zn 105 168.1 | 127.7 | 145.8 | 227 154.7 12.28|86.29 | 76.5 | 72.73 | 51.2 | 35.51 | 30.94 | 29.3 |54.64| 0.80 |23.63
Mo | 3.78 | 4.034 | 4.233 | 3.986 | 4.475 | 4.10 |5.13| 61.3 | 58.49 | 55.27 | 64.77 | 68.14 | 146.3 | 177.6 |90.27|112. 8{45. 58
Cd | 0.528 | 0.469 | 0.447 | 0.737 | 0.934 | 0.62 |6.92] 0.509 | 0.553 | 0.575 | 0.577 | 0.375 | 0.452 | 0.45 | 0.50 | 5.54 |0. 267
Sn | 10.73|9.452 | 8.927 | 8.553 | 8.636 | 9.26 |3.70| 6.287 6.5 6.212 | 5.753 | 5.219 | 4.547 | 4.553 | 5.58 | 2.23 |6.325
Sb | 1.651 | 2.506 | 0.98 | 3.783]2.938 | 2.37 [2.96]6.912 | 4.991 | 2.706 | 6.499 | 7.351 | 25.96 | 15.1 | 9.93 |12.41|4.492
Tl 1.036 | 1.013 | 0.95 | 1.009 | 1.154 | 1.03 |1.72] 1.123 | 1.084 | 1.135 | 1.06 | 0.988 | 0.899 | 0.99 | 1.04 | 1.73 |1.777
Pb | 23.31]32.46 | 30.91 | 32.59 | 31.99 | 30.25 |1.32] 28.46 | 27.26 | 25.74 | 29.2 | 27.5 | 30.74 | 37.69 [29.51| 1. 28 |31.65
Th | 23.48 | 21.76 | 22.83 | 20.8 | 21.72 | 22.12 |1.77| 13.35 | 13.6 | 14.08 | 14.09 | 13.81 | 13.41 | 14.48 [13.83| 1. 11 |14. 44
U 5.512 | 5.634 | 5.337 | 5.441 | 5.028 | 5.39 |2.07| 17.83 | 13.8 | 14.87 | 64.02 | 28.91 | 33.5 | 29.01 |28.85|11.10] 8.58
Th/U| 4.26 3. 86 4.28 3.82 4.32 4.1 0.75 0. 99 0. 95 0.22 0.48 0.4 0.5 0.48 1.68
Zn/Pb| 4.51 5.18 | 4.13 | 4.47 7.1 5. 11 3.03 | 2.81 2.83 1.75 1.29 1.01 0.78 | 1.85 0.75
Pb/U| 4.23 5.76 5.79 5.99 6.36 5. 61 1.6 1. 98 1.73 | 0.46 | 0.95 0.92 1.3 1.02 3.69
Mo/Cd 7.16 8.6 9.47 5. 41 4.79 6.58 120.4 1 105.8 | 96.12 | 112.3 |181. 71| 323.7 | 394.7 |181.0 170.7
V/U | 29.9 |31.68 | 31.8 | 27.11 | 31.21 | 30.33 13.25 | 15.81 | 12.74 | 10.6 | 23.67 | 34.31 | 37.79 |21.06 53. 64
Co/Ni| 0. 36 0.48 | 0.52 | 0.49 | 0.37 | 0.45 0.42 | 0.34 | 0.45 0.19 | 0.15 0.18 0.2 |0.31 0.2
EI® | 2.44 | 2.51 2.31 2.59 | 2.81 2.53 6.84 6.41 6.01 8. 41 7.70 | 15.38 | 16.80 | 9.65
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Fig. 4 Radar diagrams for average concentrations ( X10™°) of heavy metals

in soils of profile A(a), B(b), C(¢c), D(d) and in bedrock (e)
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Table 3 Concentrations ( X 107¢) of other trace elements and rare earth elements and relative parameters of soil samples

from the selected soil profiles at HJC uranium mine in central Hunan, China

T A B X0
FE YH1 YH2 YH3 YH4 YH5 YHS6 YH7 Sy HJ1 HJ2 HJ3 HJ4 Sy
Be 1.655 | 1.798 | 1.882 | 1.842 | 1.832 | 2.047 | 1.969 | 1.86 | 2.998 | 2.763 | 3.082 | 2.495 | 2.84 |2.064
Cs 6.586 | 7.138 | 8.157 | 8.052 | 8.234 | 6.585 | 6.919 | 7.38 | 9.924 | 10.84 | 10.34 | 10.68 | 10.45 |4.334
Ga 15.0 | 16.21 | 16.93 | 16.25 | 16.95 | 15.19 | 16.37 | 16.13 | 24.81 | 24.82 | 25.22 | 24.16 | 24.75 |16.83
Ge 1.374 | 1.297 | 1.271 | 1.405 | 1.482 | 1.359 | 1.416 | 1.37 | 2.065 | 2.059 | 2.129 | 1.875 | 2.032 |1.252
Rb 86.27 | 92.69 | 96.43 | 96.16 | 99.48 | 88.79 | 97.55 | 93.91 | 139.9 | 137.1 | 140.2 | 132.8 | 137.5 [118.9
Sr 37.48 | 37.84 | 39.16 | 40.27 | 42.17 | 39.14 | 40.75 | 39.54 | 27.8 | 30.85 | 29.52 | 32.91 | 30.27 |23.48
Zr 238.1 | 256.4 | 275.7 | 292.9 | 281.7 250 243.0 | 262.54 | 222.7 | 237.9 | 247.1 | 265.7 | 243.35 |124.9
Hf 6.842 | 7.481 | 7.831 | 8.058 | 7.663 | 6.888 | 6.883 | 7.38 | 6.153 | 6.435 | 6.736 | 6.848 | 6.543 |3.322
Ta 1.575 | 1.635 | 1.624 | 1.683 | 1.705 | 1.52 | 1.495 | 1.61 | 1.604 | 1.631 | 1.619 | 1.651 | 1.63 |0.921
Nb 18.64 | 18.82 | 18.8 19.4 | 19.66 | 17.95 | 17.6 | 18.70 | 18.95 | 20.03 | 19.92 | 19.99 | 19.72 |11.13
Ga/Ge | 10.92 | 12.5 | 13.32 | 11.57 | 11.44 | 11.18 | 11.56 | 11.76 | 12.01 | 12,05 | 11.85 | 12.89 | 12.18 |13.44
Rb/Sr 2.3 2.45 2.46 2.39 2.36 2.27 2.39 2.37 5.03 4. 44 4.75 4. 04 4.54 | 5.06
Zr/Hf 34.8 | 34.27 | 35.21 | 36.35 | 36.76 | 36.3 35.3 | 35.58 | 36.19 | 36.97 | 36.68 | 38.8 | 37.19 | 37.6
Ta/Nb 0.08 0. 09 0.09 0.09 0.09 0.08 0.08 0.09 0.08 0.08 0.08 0.08 0.08 |0.08
La 40.47 | 41.92 | 40.75 | 41.68 | 43.43 | 40.78 | 42.67 | 41.67 | 37.17 | 37.89 | 38.34 | 38.64 | 38.01 |30.98
Ce 87.02 | 86.57 | 86.81 | 89.16 | 94.27 | 85.85 | 86.19 | 87.98 | 83.71 | 85.43 | 84.56 | 87.18 | 85.22 | 58.9
Pr 9.369 | 9.685 | 9.495 | 9.473 | 9.864 | 9.436 | 9.617 | 9.56 | 7.886 | 8.088 | 8.36 8.37 | 8.176 | 7.42
Nd 32.47 | 32.78 | 32.29 | 32.63 | 34.09 | 31.98 | 33.19 | 32.78 | 26.26 | 27.07 | 27.46 | 27.5 | 27.07 |25.82
Sm 5.939 | 5.924 | 5.774 | 5.856 | 6.103 | 5.781 | 5.794 | 5.88 | 4.407 | 4.548 | 4.643 | 4.73 | 4.582 |4.885
Eu 1.134 | 1.167 | 1.093 | 1.136 | 1.177 | 1.127 | 1.144 | 1.14 | 0.887 | 0.953 | 0.936 | 0.901 | 0.92 |0.933
Gd 5.681 | 5.623 | 5.623 | 5.727 | 6.103 | 5.775 | 5.692 | 5.75 4.54 | 4.731 | 4.781 | 4.692 | 4.69 |4.427
Tb 0. 89 0. 899 0.87 0.9 0.907 0. 886 0. 886 0. 89 0.673 0.695 0.722 0.713 0.70 0. 645
Dy 5.583 | 5.493 | 5.459 | 5.55 | 5.588 | 5.47 | 5.432 | 5.51 | 4.353 | 4.251 | 4.421 | 4.404 | 4.36 |3.711
Ho 1,113 | 1.138 | 1.139 | 1.136 | 1.169 | 1.144 | 1.143 | 1.14 | 0.907 | 0.916 | 0.922 | 0.926 | 0.92 |0.746
Er 3.053 | 3.174 | 3.188 | 3.247 | 3.261 | 3.173 | 3.17 3.18 | 2.554 | 2.591 | 2.598 | 2.64 2.60 | 2.03
Tm 0.46 | 0.497 | 0.495 | 0.497 | 0.508 | 0.486 | 0.49 0.49 | 0.404 | 0.399 | 0.407 | 0.402 | 0.40 |0.299
Yb 3.131 | 3.219 | 3.309 | 3.307 | 3.288 | 3.168 | 3.186 | 3.23 | 2.683 | 2.702 | 2.745 | 2.745 | 2.72 |1.892
Lu 0.486 | 0.495 | 0.508 | 0.501 | 0.515 | 0.504 | 0.495 | 0.50 | 0.423 | 0.419 | 0.423 | 0.419 | 0.42 |0.277
Y 27.85 | 27.56 | 27.7 28.1 | 29.33 | 28.28 | 28.85 | 28.24 | 22.35 | 22.87 | 23.13 | 23.95 | 23.08 [19.08
REE 196.8 | 198.58 | 196.8 | 200.8 | 210.27 | 195.56 | 199.1 | 199.7 | 176.86 | 180.68 | 181.32 | 184.26 | 180.78 | 143.0
LREE/ _
HREE 8. 14 8.15 8.08 8.13 8. 34 8. 00 8. 20 8.15 9.15 9.23 9.10 9.33 9.20 | 8.56
Nd/Sm 5. 47 5.53 5.59 5.57 5.59 5.53 5.73 5.57 5.96 5.95 5.91 5.81 5.91 | 5.29
(La/Sm), | 4.26 4.42 4.41 4,45 4.45 4.41 4.6 4.43 5.27 5.21 5.16 5.11 5.19 | 3.96
(Gd/Yb), | 1.11 1.07 1. 04 1.06 1.14 1.12 1.10 1.09 1. 04 1.07 1.07 1.05 1.06 | 1.43
(La/Yb), | 7.68 7.73 7.31 7.48 7.84 7. 64 7.95 7.66 8.23 8.33 8. 29 8. 36 8.30 |9.72
SEu® —0.33 | —0.31 | —0.35| —0.34 | —0.34 | —0.33 | —0.32 | —0.33 | —0.32 | —0.30 | —0.32 | —0.35| —0.32 |—0.32
5Ce® —0.04 | —0.06 | —0.05 | —0.04 | —0.04 | —0.05 | —0.07 | —0.05 | —0.01 | —0.01 | —0.02 | —0.01 | —0.02 [—0.10
T C D
FE i HB1 HB2 HB3 HB4 HB5 ] Usl1 Us2 US3 US4 USs US6 Us7 | £y
Be 6.362 | 4.596 | 4.791 | 3.728 | 4.125 | 4.7204 | 1.859 | 1.566 | 1.792 | 1.657 | 1.414 | 1.542 | 1.584 | 1.63
Cs 6.671 | 9.607 | 8.419 | 9.554 | 10.89 | 9.0282 | 6.635 | 6.187 6.3 5.747 | 5.172 | 4.63 5.1 | 5.68
Ga 27.89 | 24.68 | 24.96 | 21.15 | 23.16 | 24.368 | 15.66 | 15.5 | 15.69 | 14.66 | 13.72 | 13.45 | 13.53 |14.60
Ge 1.831 | 1.769 | 2.059 | 1.753 | 1.793 | 1.841 | 1.281 | 1.286 | 1.328 | 1.339 | 1.287 | 1.339 | 1.297 | 1.31
Rb 204.5 | 165.6 | 165.9 | 144.9 | 161.6 | 168.5 | 93.93 | 90.25 | 92.1 | 79.28 | 72.43 | 66.77 | 67.88 |80.38
Sr 24.41 | 32.06 | 25.36 | 41.38 | 45.91 | 33.824 | 40.09 | 32.04 | 33.02 | 32.26 | 27.85 | 27.77 | 29.38 |31.77
Zr 192.5 | 187.8 | 186.3 | 252.9 | 191.9 | 202.28 | 91.46 | 188.2 | 180.9 178 153 139.1 | 139.4 [152.87
Hf 5.379 | 5.094 | 5.241 | 7.062 | 5.515 | 5.6582 | 2.442 | 4.928 | 4.853 | 4.789 | 3.96 | 3.647 | 3.586 | 4.03
Ta 1.581 | 1.505 | 1.415 | 1.629 | 1.395 | 1.505 | 1.128 | 1.107 | 1.139 | 1.09 | 0.995 | 0.842 | 0.839 | 1.02
Nb 18.5 | 17.39 | 16.73 | 18.83 | 16.41 | 17.572 | 14.13 | 13.87 | 13.89 | 13.25 | 12.04 | 10.14 | 10.57 |12.56
Ga/Ge | 15.23 | 13.95 | 12.12 | 12,07 | 12,92 | 13.24 | 12.22 | 12.05 | 11.81 | 10.95 | 10.66 | 10.04 | 10.43 |11.16
Rb/Sr 8.38 5.17 6. 54 3.5 3.52 4.98 2.34 2.82 2.79 2.46 2.6 2.4 2.31 | 2.53
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HER3
i D
it HBI HB2 | HB3 HB4 | HBS | ¥ Usl Us2 US3 USt USs USs us? | £
Zr/HE | 35.79 | 36.87 | 35.55 | 35.81 | 34.8 | 35.75 | 37.45 | 38.19 | 37.28 | 37.17 | 38.64 | 38.14 | 38.87 [37.94
Ta/Nb | 0.09 | 0.09 | 0.08 | 0.09 | 0.09 | 0.09 | 0.08 | 0.08 | 0.08 | 0.08 | 0.08 | 0.08 | 0.08 |o0.08
La 47.24 | 46.06 | 46.29 | 45.25 | 61.44 | 49.256 | 37.34 | 35.67 | 35.7 | 39.81 | 35.57 | 33.32 | 36.05 |36.21
Ce 70.79 | 115 | 99.49 | 106.6 | 103.8 | 99.136 | 75.35 | 73.04 | 73.99 | 66.85 | 57.89 | 50.5 | 53.59 |64.46
Pr 9.892 | 9.828 | 10.08 | 11.18 | 18.15 | 11.826 | 8.584 | 8.119 | 8.044 | 8.93 | 7.457 | 7.13 | 7.585 | 7.98
Nd 32.87 | 33.44 | 33.91 | 39.54 | 66.2 |41.192 | 28.79 | 27.29 | 27.75 | 30.79 | 25.93 | 24.86 | 26.51 |27.42
Sm 5.784 | 5.985 | 6.037 | 7.509 | 13.54 | 7.771 | 5.191 | 4.808 | 4.893 | 5.708 | 4.594 | 4.46 | 4.734 | 4.91
Eu 1157 | 1.24 | 1.158 | 1.559 | 2.994 | 1.6216 | 0.998 | 0.914 | 0.93 | 1.167 | 0.95 | 0.994 | 1.04 | 1.0
Gd 4,991 | 6.189 | 5.801 | 7.244 | 13.72 | 7.589 | 5.037 | 4.515 | 4.623 | 5.745 | 4.767 | 4.933 | 5.301 | 4.99
Tb 0.761 0. 85 0. 859 1. 106 2.113 1.1378 0.714 0. 658 0. 658 0. 905 0.735 0. 814 0. 815 0.76
Dy 4.434 | 4.922 | 4.917 | 6.674 | 12.11 | 6.6114 | 4.335 | 3.89 | 3.882 | 5.641 | 4.658 | 5.349 | 5.435 | 4.74
Ho 0.862 | 0.976 | 0.97 | 1.385 | 2.501 | 1.3388 | 0.859 | 0.804 | 0.819 | 1.194 | 1.022 | 1.202 | 1.227 | 1.02
Er 2.404 | 2.611 | 2.726 | 3.824 | 6.51 | 3.615 | 2.387 | 2.242 | 2.252 | 3.332 | 2.862 | 3.396 | 3.486 | 2.85
T 0.392 | 0.41 | 0.421 | 0.568 | 0.944 | 0.547 | 0.358 | 0.34 | 0.342 | 0.512 | 0.444 | 0.54 | 0.523 | 0.44
Yb 2.713 | 2.634 | 2.789 | 3.847 | 5.97 | 3.5906 | 2.241 | 2.206 | 2.207 | 3.304 | 2.898 | 3.380 | 3.448 | 2.81
Lu 0.409 | 0.412 | 0.434 | 0.6 | 0.884 | 0.5478 | 0.336 | 0.344 | 0.335 | 0.509 | 0.446 | 0.531 | 0.528 | 0.43
Y 19.15 | 22.46 | 22.59 | 30.48 | 63.31 | 31.598 | 23.68 | 21.63 | 21.16 | 33.68 | 30.04 | 37.21 | 38.48 |29.41
REE 184.7 | 230.56 | 215.88 | 236.89 | 310.88 | 235.78 | 172.52 | 164.84 | 166.43 | 174.4 | 150.22 | 141.42 | 150.27 | 160
LREE/ )
dREe | 919 | 1039 | 9.75 | 7.8 | 5.51 | 7.86 | 8.99 | 9.36 | 9.37 | 6.82 | 7.00 | 5.69 | 5.8 |7.59
Nd/Sm | 5.68 | 5.59 | 5.62 | 527 | 4.89 | 5.30 | 5.55 | 5.68 | 5.67 | 539 | 5.64 | 557 | 6.00 |5.64
(La/Smd)n| 5.11 | 4.81 | 4.79 | 3.77 | 2.84 | 3.96 | 4.50 | 4.64 | 4.56 | 4.36 | 4.84 | 4.67 | 4.76 | 4.61
(Gd/Ybn| 1.13 | 1.44 | 1.28 | 1.15 | 1.41 | 1.30 | 1.38 | 1.25 | 1.28 | 1.07 | 1.01 | 0.89 | 0.94 | 1.09
(La/Yb)n| 10.34 | 10.38 | 9.86 | 6.98 | 6.11 | 8.15 | 9.89 9.6 9.6 7.15 | 7.29 | 5.84 | 6.21 |7.664
SEu® | —0.27 | —0.3 | —0.33 | —0.28 | —0.25 | —0.28 | —0.33 | —0.33 | —0.33 | —0.30 | —0.31 | —0.28 | —0.29 |—0. 31
8Ce® | —0.19 | 0.03 | —0.04 | —0.01 | —0.17 | —0.08 | —0.07 | —0.06 | —0.06 | —0.15 | —0.16 | —0.19 | —0.20 |—0.12

E:O K 3 MESHRIFSE: © dEu= Eu/[(Sm), * (G, 1?5

3Ce= lg{3Ce/[2(La),+ (Nd), ]},

n R BROBE AT AR A AR s TR 2 B

M HERAL A=W T T 0L R S50 5007 R HIEE R 7 KB 3948 AR 2 T 504,

Zr \Hf Ta \Nb 2535 50 R 78 Ba WAL FE b L 36
BIPEARTR . X AT AR5 X SO0 R K LA T K
fif# B IG5 N Z A 54 (Kurtz et al. ,2000),

HHEAMME TR (ELBITE) AR, X -5
i 2GR kRS AR AE I . BB O BAR
AR A (150 X 10 °~236 X 10 °, 34 194
X107 BE B 23,36 3) Mg T3 (143 X107° , K
W ¥ 3).{H LREE/HREE, (La/Sm), . (Gd/Yb), .
(La/Yb), % HfH (3% 3) AN{H 76 AS [R] ) i ) £ 38 2 [A]
T 30, 55 A A N A s — 30 © BRI
I C Mo R A — & BN 5 (K 5o) H &
TR F A R o ReRi & o w R R
AR 5) 5 R (B 5d) B R A+ 4 il 4 =X
FHIF] s @ 4 5 1 5 BAH A 9 0Eu.dCe (A, B Eu 57
B W (8Eu #f£ — 0.25 ~ — 0.35 Z [, 1y
—0.33),1M Ce LW B 5% ,0Ce (HZ 2 EFE—0.01
AiAn (3 3. 5); @& F T ) Nd/Sm (H 52 &
-2 A8 Ak AE 5. 30 ~5.90 2 A, 5K 4 B A
(5.29, % D5, RWH X T FEARLF gk 7K T 5
B R 0 R 4 RRE

3.2 Ek

A CHVTHE 58 B 7 R FOKFE A e S H A L
TCER (B o0 FO W M4 RNk 4.6 4 1052 T Fh
A2 W) K G AR BT 3R P B E (CPC, 3l 2 3 4%
1976), Al L. 5 CPC Mt . £ K W] i & 4 Sc.Cd,
Sn,Sb.TL.Pb . U(As) & H & /It R . b Cd U Y
BRI R W CE R R BRI 3 5148 10,100 P ).
ifi Ba,V.Cr.Co,Ni,Zn,Mo.,Rb,Sr %t Z N #f XF
TR D, HX IR BRI 2R OIS
W8, 1976 5 HOBKE R B - 19900 WA XE & B : &
K EEMILE Sc.Cd.Sn.Sb. TI.Pb.U(As) & )&
AW FEPEIC R Z A B K ] 5 5 T &R Ba,
V.Cr.Co.Ni,Zn.Mo,Rb,Sr % 0| £ 4 4: ¥ &b T
HBEILR., B X EEEORE R EY GBI E S
&7 SRAEY LT B TR EERE. EARPX
FhOCZ & 5 7 BURHIE L BR 5 R X T 2= 1 2B Pk
WCRRIE A K Ah 38 B AN TF L A B3 )

TCEAEAE Y A W R B (AX) Sl % T &R FE A
YK 3 v i B i 5 LA AR N B B R i 2 L il
B WrdE,1976) , AR FOKE 4 & il oo RO 3 & &= F
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398 2 K I A - T R E oA SR
Chondrite-normalized REE patterns
for soils and maize
asbie d AR L ERITE A B.C.Dse HEK
a. b, ¢, and d represent soils from profiles A, B, C,

and D, respectively; and e maize growing from them

A T R R AR R TR 1P 1 & BRI A TR TE B oK
i AxEIIAZK 4, AT L, — S8 &8 1) Ax {H K
N R . U>Pb>Cu>Zn>Cd=Sn>Sb>Mn>
Sc>Mo, Ifif Ba,V.Cr.Co.Ni,Tl.Th ) Ax {H
/NF0.05, BKE .U, Pb,Cd,Sn,Sb,Sc 549 7%
PEG BT R 7E E oK h i e R BOK L T Ba, V., Cr,

Co.Ni,Cu.Zn Mo %4 W) Wb 4 J& il it T = 19 IR
FEUN, AT H AL Ax fEIFAA R IT R H B
AEEKRPHEESE. MERERPELEENE
BT PR E N R R R E SRS YT R T BORXT
SIEICEEFEEW IR, G R E KX U,
Pb.Cd.Sn,Sh.Sc 4 A ¥y 75 P 5 4 Ja B W% W5 i 41 7
TXf Ba,V.Cr.Co.Ni,Cu.Zn.,Mo £ Hfth & ¥y 55
iR 4 W R 2 (AR I — BT

Ga.Ge,Rb,Sr % H A ® T R 7E LK P &
AR, Ga/Ge 55 L H A2 LB . R 52,
Zr/HI, Ta/Nb 75 1 A X 2 T R A . 78
FRF N AR A B B (F 4, T H, EKE Ga/Ge,
Rb/Sr.Zr/HI Z{H/NF 3N {E . {H Ta/Nb {H N
B . B Ge 88 Ga.Sr % Rb . Hf # Zr . Ta 4
Nb 55 9 F R FFAE

TR XA £ TR R R Ax RAK (<
0.03) it EKR P 0 R & mANCZREE 7£ 7.6 X
10" RAF) . (H A JE 58 £ oK 5 4 3G A AL 7
TR (E Sa.e), W E EBRW L Eu 58 A
i Y 43 B AU 5. AR, Bk A Nd/Sm fH7E 5. 30
~5.98 Z[a], P24 5. 67 (RE SR 7). 5 A FI T A
B Nd/Sm {5 CF¥ 5.57, 3% )W A—3k. HIk,
WA 2 1 R oK R £ o0 2 H Aok IR & 42 (R
SULREEE) AR T oK 4k & T+ 38 09 -+ B 4 4%
i, HIMiER ERPESBORRIES L EES
BEEA K,

4 g
1.1 ELESLITH

HORHT R 0 X T R 2R ES R . A7
WM ESIBE G5, AR £ ()
% (IAEA-TCS-4,1992) K PPN 87 X + 396 5 42 @ 15 Y
FEIE . N AR £ W 58 (Sutherland, 2002; Peng et
al. ,2004; 7k 75 2 45, 2006) 32 B, 1% 1k 76 V- X 3801
T SR 5 Y i AN H ] 5 BB e Rk S Ho At
JrExt s i B A R R A (TAEA-TCSH4,
1992; 5K 2 %,2006) . HiTE AR N .

F=(X/M)./(X/M), (2)
Horp F oy L 5 X OB TR AN (09 3 45 J8 o R ik
JEsM A S BOCE R B — O TS PEIT R 5 5.0 IKIK
MR L SR E . HE A S0 R TS
BREMEEREGEH, BB T2 BIUR M MH
SAHMEE, 1R 20198 (Kurtz et al. . 2000;Jaffe et
al ,2002;Pengetal. ,2004 ;5 7% 2 45,2006) 5t M,
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Table 4 Concentrations ( X 107°) of heavy metals, other trace elements and rare earth elements in indian corns grown

R4 HPHCHTRIREFIRECRE RHEXZT HFIXNEATE(XIO )ANEREAXTEILE

in soils at the HJC uranium mine in central Hunan, China

5 L1 L2 L3 L4 L5 L6 L7 -3y CPCY | Ax®
Ba 22.6 20. 8 24.6 14. 6 23.5 21.5 23.0 21.51 nX 10%| 0. 04
Sc 1.98 2.29 2.53 0.732 1.87 1.37 1.29 1.72 nXx 1072 0. 15
\Y% 2.28 1.25 1.42 1.52 1. 64 3.43 3.59 2.16 22 0.02
Cr 2.11 2.86 1.42 1. 84 1.9 3.68 3.86 2.52 5 0.03
Co 0. 809 0.428 0.283 0.292 0.438 0. 459 0.53 0. 46 4 0. 04
Ni 1. 04 1.22 0. 641 1. 66 1.83 1.76 1.91 1.44 50 0. 05
Cu 51.7 45.9 45.1 15.9 98. 4 52 59. 8 52.69 50 1.37
Zn 39.3 58.2 114 38.7 106 55.2 72.4 69.11 100 0.77
Mo 1.38 1. 84 3.13 1.78 2.8 3.81 4.27 2.72 20 0.12
Cd 0.15(15) ]0.436(43.6)|0.401(40.1)]0.104(10.4) |0.465(46.5)|0.221(22. 1) |0.381(38.1)| 0.31(31) 0.01 ]0.40
Sn 3.25 13.6 1.19 0.819 0. 855 0.61 0. 848 3.02 - 0. 40
Sb 0.416 0.706 1.48 4.32 1. 06 0.932 1. 09 1.43 nX10"2]0.29
Tl 0.031(3.1) |0.022(2.2)| 0.03(3) 0.026(2.6) |0.048(4.8) 0.03(3) 0.049(4.9) 0.03(3) 0.01 | 0.04
Pb 25.90(2.6) | 63.20(6.3) | 77.20(7.7) | 20.9(2.1) 87.0(8.7) 60.0(6) 62.10(6.2) | 56.61(5.7) 10 1. 69
Th 0.543 0. 448 0. 644 1.61 1.01 0. 625 0. 894 0. 82 - 0. 05
8] 110. 0(>>100)| 5.06(101) | 6.62(132) [42.30(>100)|94. 1(=>100)| 6.15(123) 7.73(155) |38.85(>100)| 0.05 |4.12
As 0.841(2.8) | 1.44.7) 2.05(6.8) |0.977(32.3) | 1.9(6.3) 1.52(5.1) |5.78(19.3) | 2.07(6.9) 0.3
Se 0.075 0. 245 0. 487 0.052 0.116 0.083 0.039 0.16 nX10"?2

Th/U 0.005 0.09 0. 10 0. 04 0.01 0.10 0.12 0.02

Zn/Pb 1.52 0.92 1.48 1. 85 1.22 0.92 1.17 1.22

Pb/U 0. 24 12. 49 11. 66 0. 49 0.92 9.76 8.03 1. 46

Mo/Cd 9.20 4.22 7.81 17.12 6.02 17. 24 11.21 8. 81

V/U 0.02 0.25 0.21 0. 04 0.02 0. 56 0. 46 0. 06

Co/Ni 0.78 0.35 0. 44 0.18 0. 24 0. 26 0.28 0.32
Be 0.132 0.067 0. 057 0. 064 0.78 0.074 0.148 0.19 -

Ga 0.473 0.333 0. 384 0. 264 0.473 0.532 0.712 0.453 — 0.03
Ge 0.194 0.174 0. 26 0.121 0. 244 0.174 0.247 0.202 - 0.15
Rb 7.90 5.79 8. 81 5.12 8.28 11.7 11.3 8. 41 200 0.09
Sr 7.61 5.74 4.92 4.52 7.95 4.59 8.23 6.22 300 0.16
Zr 7.92 16.8 14.3 4.55 12.7 7.26 10.1 10. 52 - 0. 04
Hf 0.365 0.539 0. 485 0.166 0.438 0. 246 0.343 0.37 - 0. 05
Ta 0.138 0.215 0.037 0.008 0.016 0.006 0.01 0. 06 - 0. 04
Nb 0. 807 0.599 0.374 0.463 0.468 0.267 0.321 0. 47 - 0.03

Ga/Ge 2. 44 1.91 1.48 2.18 1.94 3.06 2.88 2.24

Rb/Sr 1. 04 1.01 1.79 1.13 1. 04 2.55 1.37 1.35

Zr/HI 21.70 31.17 29.48 27.41 28.99 29.51 29.45 28.52

Ta/Nb 0.17 0. 36 0. 10 0.02 0.03 0.02 0.03 0.13
La 1.17 0.774 0. 985 0.662 1. 34 1.29 1.79 1. 14 - 0.03
Ce 2.41 1.33 1.68 1.28 2.6 2.32 3.26 2.13 — 0.02
Pr 0.253 0.162 0.19 0. 149 0.278 0. 27 0. 389 0. 24 - 0.03
Nd 0.903 0.586 0.614 0.556 0.953 0. 96 1.35 0. 846 - 0.03
Sm 0.168 0.098 0.112 0.105 0.173 0.169 0. 235 0.15 — 0.03
Eu 0. 04 0.022 0.023 0.018 0.031 0.038 0.052 0.032 - 0.03
Gd 0.15 0.091 0.11 0.087 0.153 0.143 0.188 0.13 - 0.02
Tb 0.02 0.011 0.013 0.013 0.02 0.019 0.026 0.02 - 0.02
Dy 0.11 0.061 0.071 0.083 0.112 0.1 0.131 0.10 — 0.02
Ho 0.036 0.013 0.014 0.031 0.022 0.019 0.027 0.02 - 0.02
Er 0.069 0.036 0.043 0.061 0.068 0.056 0.075 0.06 - 0.02

Tm 0. 009 0. 006 0.007 0.01 0.01 0. 008 0.01 0. 009 - 0.02
Yb 0.064 0.042 0.044 0.074 0. 07 0.055 0.073 0. 06 - 0.02
Lu 0.01 0.007 0.007 0.012 0.01 0. 009 0.011 0. 009 - 0.02

REE 5.412 3.239 3.913 3. 141 5. 84 5. 456 7.617 4.95
LREE/HREE 9.65 10. 21 10. 79 7.07 10. 77 11. 21 11. 84 10. 34
Nd/Sm 5.38 5.98 5.48 5.30 5.51 5.68 5. 74 5.59
La/Gd)n 7.56 8. 24 8.67 7.37 8.48 8.74 9.22 8.42
Gd/Yb)n 1. 44 1.33 1.53 0.72 1.34 1. 59 1.58 1.34
La/Yb)n 10. 85 10. 94 13.29 5.31 11.37 13.93 14. 56 11. 27

SEu® —0.14 —0.21 —0.29 —0. 36 —0.35 —0.17 —0.16 —0.23

5Ce® 0.09 0.1 0.11 0.09 0.10 0.10 0.10 0.10

@ CPC i A H W IR A3 - 2 & i 5551 B B2 %5 (1976) , 3B Mamora (1963) \ITepensman (1965) ,Cannon (1960) = ¥4 iy b ja] 8, 3
1 Ba,Cd.Pb,Ni,As,Mo,U,TI,Rb,Sr 5| B Mamora (1963), Cu,Zn,Sc,Co.Cr,Se 5| A Ieperrsman (1965), FiA4 5| A Cannon (1960);( )N
AR F CPC 1y & 4 R — WA HHE @ Ax AP RACRE 75 7 W 3 ;@ 8Eu=Eu/[(Sm), » (Gd),]V?; §Ce=1g{3Ce/[2
(La)y+(Nd T} n S ERR B AR A 5 b R 2 52 ) N MU ER b 2 BF 55 B 1R 432 28 S22 400 » O 7 R0 WP 340, P P AS JE AL T 5%
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LI 2R A AT B A RE PR SEAE T RIS

AU ARG T 5 T R T 45 2R (GR 3) R .
OZr Hf  Ta Nb S5 TR 7E L (9 & B
LA RH D S v i e U B A e A AR g s
TCRAKAEYBMETH; © LEP R Zr/HI,
Ta/Nb {EAH A X} Fa & (E 3e.d) . 1 H 5 3 7
Zr/Hf . Ta/Nb i — (% 3); @Zr . Hf , Ta.Nb %
128 A2 0 555 vh 1Y K A B2 K (Kurtz et al. , 20005
Jaffe et al. ,2002), #k Zr .Hf.Ta . Nb & 7E i 1 1 12
TR RN IE U AT AES BT R TIH S, S 4h .
T H A S o i X 4 5850 1 A 0 50 B B A

H 2

Z ik A E 154 A BEA G AR T R F BEE (BB
WIAFIRIEAE, 199D FE B SUE R T LI E S
J& 15 G 1w S TP

W Zr fE NS BT RITE R B S HIm R - E
GIETG Y E E T (F) AN 45 R (5 4 5 1k 8 HE,
Ta Nb Z&4F Ry 2 BOT R #E A7 1HR AT 209 VA 25 2R 0
A—FHomEs, oL A HIEG RN ESEA
Sc.Mo,Cd.Sn,Sb, U 4§, Hrr Mo ik & B V5 YL 72 B
Cd.Sb ik &5 Qe FE B &1 Bi5 J« A V. Cu,
Mo,Cd.Sn.Sb. U % & 4 )& , H.f Mo, Sb ik g &5
PRRE s C 1544y A Ba.V.Co.Ni,Cu.Zn.Mo,

RS HPHCHTRTEIRESCESRAEERT(F)IEMNER

Table 5 Heavy metal contamination degrees evaluated by environmental factor (F) of soils

from the selected soil profiles in HJC uranium mine in central Hunan, China

T R A ik B e
YHI1 YH2 YH3 YH4 YH5 YH6 YH7 -1 L5 D HJ1 HJ2 HJ3 HJ4 -1 L5 O
Ba 1.07 1.14 1.02 0.95 1.00 1.09 1.50 1.10 1 2.12 1.88 1.95 1.55 1. 86 1
Sc 0. 96 0.98 0.94 0. 88 0.94 0.97 1.08 0.96 1 1. 80 1.75 1. 65 1. 46 1.67 1
\Y4 1.52 1.47 1. 38 1.32 1.44 1.71 2.07 1.55 1 2.10 2.05 2.19 1.79 2.02 2
Cr 1.25 1.22 1.08 1.01 1.09 1.21 1.32 1.16 1 1.93 1. 89 1. 86 1.54 1. 80 1
Mn 0.70 0.72 0. 66 0.54 0.71 0. 80 0. 96 0.72 1 0.67 0.61 0. 54 0.48 0.57 1
Co 0.93 1. 00 0.93 0.79 0.94 1.08 1.09 0. 96 1 1. 14 1.24 1.23 1. 00 1.15 1
Ni 1.05 1.06 0. 95 0. 83 0.97 1. 26 1. 35 1.06 1 1.54 1.70 1.55 1.28 1.51 1
Cu 1.61 1.42 1. 38 1.19 1.29 1.67 2.24 1.52 1 2.52 2.29 2. 11 1.89 2.19 2
/n 1.25 1.12 1.08 1.02 1.18 1.54 1. 64 1.25 1 1.50 1. 66 1. 45 1. 45 1.51 1
Mo 28.9 | 28.36 | 21.46 | 20.51 | 22.62 | 30.56 | 38.66 | 26.93 4 7.68 | 12.81 | 7.72 6. 45 8.61 3
Cd 9.16 7.10 5.12 5.75 6.18 | 10.78 | 13.76 | 8.10 3 4.12 4.43 4.68 4. 04 4. 31 2
Sn 2.92 2. 84 2.72 2.70 2.72 2.90 3. 20 2.85 2 4. 14 4. 04 3.82 3. 65 3.90 2
Sh 6. 44 6.87 4.79 5.28 5.56 6.70 6.43 5.97 3 7.97 6.01 7.70 5.05 6.62 3
Tl 1.33 1.33 1.29 1.18 1. 34 1.28 1.47 1. 32 1 1.81 1.73 1. 60 1.51 1. 66 1
Pb 1.56 1. 44 1. 39 1.10 1. 26 1.47 1.58 1. 39 1 1.51 1.49 1.52 1.31 1.46 1
Th 1.38 1.41 1.22 1.16 1.22 1.33 1.37 1.29 1 1.97 1.83 1.75 1.57 1.77 1
U 3. 46 3.13 2.89 2.85 3.19 3.75 5.18 3. 46 2 2.37 2.22 2.16 2.05 2.19 2
b . [ D Kol
HB1 | HB2 | HB3 | HBL | HB5 | ¥# |[%%®| USI | US2 | US3 | USI | US5 | US6 | UST | 78 | %mo
Ba 5. 86 4.16 3. 65 2.04 3. 00 3. 64 2 2.51 1.14 1.22 1. 66 1.87 2.36 3. 06 1. 87 1
Sc 2.15 2.17 2.24 1.42 2. 06 1.97 1 2.53 2.14 1.29 1. 35 1. 34 1. 40 1. 44 1.43 1
A4 2.61 2.90 2.78 1.78 2.49 2.46 2 7.88 3.54 3.19 | 11.62 | 13.63 | 25.19 | 23.98 | 12.12 3
Cr 2.69 1.79 2.03 1.29 1.77 1.87 1 3. 11 1.71 1. 64 2.32 2.69 3. 84 3. 86 2.61 2
Mn 0.59 1.19 1.41 1.41 1.57 1.24 1 1.90 0.92 0. 90 0. 20 0.16 0.24 0. 30 0. 60 1
Co 1.67 2.94 2.85 1. 88 2.18 2.27 2 2.38 1.17 1.27 0.40 0.29 0.33 0. 40 0. 83 1
Ni 2.30 3.09 2.72 1.91 2.96 2.55 2 2.83 1.70 1.42 1. 04 0.97 0.91 1.01 1. 34 1
Cu 3. 24 3.17 3.18 1.74 2.70 2.74 2 5.65 2.30 2.82 3.39 2.93 5.45 5.04 3.71 2
/n 2.01 3.29 2.52 2.12 4. 35 2.81 2 3.47 1.49 1.48 1.06 0. 85 0.82 0.77 1.31 1
Mo 6. 14 6.71 7.10 4.93 7.29 6. 34 3 209.5 ] 97.12 | 95.48 | 113.7 | 139.2 | 328.7 | 398.1 | 184.5 5
Cd 7.62 6. 94 6. 66 8.09 | 13.52 | 8.56 3 15.46 | 8.16 8. 83 9. 00 6. 81 9.03 8.97 9. 06 3
Sn 5.57 5.03 4.79 3.38 4.50 4.58 2 6.87 3. 45 3.43 3.23 3. 41 3.27 3.27 3. 65 2
Sh 2.68 4. 17 1. 64 4.67 4.78 3. 66 2 23.62 | 8.29 4,67 | 11.41 | 15.01 | 58.32 | 33.85 | 20.3 4
Tl 2.24 2.25 2.12 1. 66 2.51 2.13 2 5.12 2. 40 2.61 2.48 2.69 2.69 2.96 2.83 2
Pbh 1.32 1.88 1. 80 1. 40 1.81 1.63 1 3.38 1.57 1.55 1.78 1.95 2. 40 2.94 2.10 2
Th 2. 44 2.32 2. 45 1. 64 2.26 2.19 2 2.92 1.45 1.56 1.58 1.81 1.93 2.08 1.81 1
U 2.75 2. 88 2.75 2.07 2.52 2.56 2 18.75 | 7.05 7.90 | 34.58 | 18.17 | 23.16 | 20.01 | 18. 15 3

@ 1BY YRI5 I Sutherland (2002) :1(F << 2) ARG Y EHIE Y 2(2 <F <5) TG Y 3(5<<F< 200 BETT Y 4((20<<F<T 40) &

BEVG G5 SUAOTIORIETT e . F T Rk e .
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Cd.Sn.Sb.T1.Th.U Z &4 &, K Mo.Cd ik 5 %
VYRR EE s H i D5 Y4 V. Cr.Cu,Mo,Cd, Sn,
Sb.Pb. U 555 4 J& . H rfr Mo 35} 75 Y« 72 &, Sb
N EERREE.CAU RS RAREE. 2.0
DX e 1 D 4 4 R 5 YRR iR . LA
WX - HE AT BB 3 A7 /£ Mo.Cd.Sn.Sb.U %5 & 4 J&
(75 % s Hod Mo Cd . Sb &5 1475 Y 72 B fe ik » ik 1 3%
YL FRE (3 4, 5<<F<20) LA |,
4.2 EEETHEYMN

nETiR, A 3 E &£ V.Cr.Co.Ni,Cu.Zn,
Mo.Cd.Sn.Sb.TI.Pb.Th.U % & 4 J&, H * Mo,
Cd.Sn.Sb U k8|5 o E, ML LEE LR
BT P ARIE 5 Ok 4 8 10w AR LT VR (R
DAL OBk Mo Ab 76 13 v 5 35 205 Y 7
) Cd.Sn.Sb. U % 4 J& ., 7/£ E K b W] g & 4E .
BaRTEESEG RN ERESENEETEH
25 m s @Sc TLLPb S5 7F e vp g SR B A 5 (Ks
FE LA 245 ARIE ENG YooK F  J B A B oK s 4R
O L E fEom 2L 3k B & TS PR Mo,V
SLVHE R ORI T M. BARE P Sc.Cd. Sn,
Sb U TL.Pb A HEHELEALE LT P
/RS EHAEE AR P ESE, M Mo,Cu,V.,Cr
GEY T A D 4 )8 JC 3R I 7E 4 o 4R B
BIRFE YK WA ERPEE, B, R
TR 4 0 AR R R A R TR A R T K
7 s D) - 38 4 S 5 YN R s Sk AR R A
J& N Sc.Cd.Sn.Sb.TI.Pb,U(As) 27 F K 5 4,
mAY o A ) 4 J8 L& i Ba, V., Cr, Co. Ni,
Zn.Mo ,Rb.Sr M 7E F ok th 7 i, 260 X H A
PRAEP I X R L (AT 3 — B PR
4.3 EsRETENE
4.3.1 BREBNEANLTESEETLIE

TERR L BEA MR AT s, HE R E 4R
MRRAE 14> B 2. 5 b AR R U8 T s (BB A IR
WA 1997) AH L . A% X8 €8 B JoT 01 4 W] i & 4R V.
Ni,Cu,Mo.,Cd.Sn,Sb.T1,Pb. U % & 4 J& (& % &
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Fig. 6 Plots of heavy-metal mobility represented

by Change% to chemical weathering index (CIA)
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Table 6 Pearson correlation coefficients among heavy-metal mobility expressed by Change% and some relative factors

CIA pH | TOC |Fe?! /Fe?t| SiO; |Fe;Os | ALO;s | Sc% | Zn% | Cd% | V% | Cr% | Mo% | Sb% | U% | Co% | Ni% | Cu% | Sn% | T1% | Pb% | Th%

CIA 1. 00

pH 0. 45 1. 00

TOC 0.34 [—0.15[ 1.00

Fe!t /Fe?? —0.11| 0.65 |—0.71 1.00

SiO; —0.53|—0.67| 0.42 | —0.63 | 1.00

Fe, O3 0.65 | 0.58 |—0.25| 0.47 |—0.86| 1.00

Al Oy 0.44 | 0.63 |—0.51| 0.67 |—0.99| 0.78 | 1.00

Sc% —0.10| 0.23 |—0.73| 0.60 |—0.58] 0.42 | 0.63 | 1.00

Zn% 0.18 | 0.69 |—0.45| 0.63 |—0.58| 0.44 | 0.58 | 0.74 | 1.00

Cd% —0.37| 0.16 | 0.00 0.06 0.30 |—0.33|—0.32| 0.18 | 0.48 | 1.00

V% —0.81|—0.59|—0.24| —0.07 | 0.54 |—0.41[—0.52| 0.05 |—0.30| 0.19 | 1.00

Cr% —0.76|—0.50|—0.50| 0.11 0.23 |—0.23|—0.19| 0.47 |—0.01| 0.23 | 0.87 | 1.00

Mo % —0.74|—0.61|—0.14| —0.17 | 0.64 |—0.46|—0.63| 0.03 |—0.26] 0.33 | 0.94 | 0.84 | 1.00

Sb% —0.63|—0.51|—0.12| —0.15 | 0.51 |—0.30[—0.52| 0.03 |—0.25 0.24 | 0.91 | 0.80 | 0.89 | 1.00

u% —0.77]—0.66[—0.15| —0.25 | 0.66 |—0.64|—0.60| 0.04 |—0.24| 0.33 | 0.80 | 0.69 | 0.76 | 0.66 | 1.00

Co% 0.27 | 0.67 |—0.45| 0.71 —0.67| 0.54 | 0.69 | 0.73 | 0.87 | 0.21 [—0.44|—0.13|—0.39|—0.39]|—0.42| 1.00

Ni% 0.09 | 0.59 |—0.61| 0.72 |—0.65| 0.47 | 0.69 | 0.87 | 0.94 | 0.32 |—0.26| 0.11 |—0.24|—0.24|—0.23| 0.94 | 1.00

Cu% —0.70|—0.38|—0.50| 0.18 0.22 |—0.20|—0.17| 0.58 | 0.21 | 0.44 | 0.78 | 0.93 | 0.80 | 0.76 | 0.69 | 0.10 | 0.30 | 1.00

Sn% —0.09| 0.17 |—0.59| 0.44 |—0.46] 0.25 | 0.52 | 0.94 | 0.74 | 0.31 |—0.03| 0.42 | 0.02 | 0.00 | 0.03 | 0.72 | 0.84 | 0.56 | 1.00

T1% —0.54—0.29|—0.50| 0.12 0.23 |—0.28|—0.16| 0.63 | 0.41 | 0.55 | 0.51 | 0.73 | 0.62 | 0.48 | 0.60 | 0.25 | 0.44 | 0.86 | 0.70 | 1.00
Pb% —0.55|—0.33|—0.27| 0.03 0.34 |—0.21|—0.33] 0.47 | 0.25 | 0.55 | 0.70 | 0.80 | 0.80 | 0.69 | 0.63 | 0.11 | 0.26 | 0.90 | 0.49 | 0.87 | 1.00
Th% —0.30] 0.09 |—0.70| 0.55 |—0.39| 0.25 | 0.44 | 0.96 | 0.67 | 0.31 | 0.26 | 0.65 | 0.26 | 0.23 | 0.19 | 0.62 | 0.79 | 0.74 | 0.92 | 0.75 | 0.65 | 1.00

T R BB MR Changes JFRINE N CH ARG . p < 0.05,



104 Moo

E 2009 4

Y E S, ARBLFE Mo, Co Ni,Cu.Zn 4 Y075
CHRD 4@ e LR ry B 5 4
OB DX+ B o B B T 00 E Dy R s
WESRIG RN ERLRE., BEAIUE HIEE SR
HRBEM S ESBEAR LA LR EER
Koo S5 A R R B S PRI A G
(DOFE 4R Cd A Xf + 30 B RE A PETS Gy T
Mo.Sn,Sb .U % 5 43 J& 1) 75 Y 72 B2 7 Bl -+ 58 KAk Y
HEAT PR 2R T T REAR . B H FIT A 35 35 42 K - 1
Zn.Mn.Ba,Co Ni,Th &5 5 4 J& W v] P&k 2B & 4 fi
TEARR T K T & w5 G HAR G TE
BUigh - BB A Tl A 5T Hb I 5 B 4 B DU
ALK EE LX) e M R % R O S8 R i ) E TR
R T T R A o B Dl AR . 8 A 4 A 1)
2SO0 R R W R RO
O % T KV 230 BFSEHE. 1970. XX WK (R EB 4R o
5 £ X W
T A AL R AT R JT WL ZEE R H B, 1982, F BT bR 1L
ORBU R b Bl A, 196~197.

PRET. B EhE . WA . RKH] . IR, S, D, 2006, LR
T Ao s IR S BT BUIR R ER H JR 2 4i, 80(10) - 1607

~1615.

FEW U1, ZERA. 1985, LM S50 92 2. dbnt . o S 80H AL,
19~23.

R, 2002, WEE AN IR BUK IR MeTE . 21(3) 146~
150.

XL, X3 L 2R ERAE. 1996, ] TICP-MS i 5 0 52 5 4 AR & 40 4y
P o R, iEkfba%, 25(6): 552~556.

HEEL A, 2003. Bk e il b 75 X b 2 B A . b BT IR IE . 49(4) 383
~388.

i, B MR IR B SR, 2005, MR TUE B
U5 T R R R B8 500 . 0 ) A b ER AL 2 AR . 24(2) : 153~158.

HAK U TR, 1990, FREE M IR AL 2%, b5 MU BT jiAt . 20~25.

MEersd, SeHiE, A1, 2006, +IETE 4R BB B BUR 5 R
R TR, 22(6): 197~200.

W2 ARITZE MR, F 4. 2005, 3T PRI HUBR 1L 2 BT 5T 45 R
Hi BT, 51(1) : 64~75.

B, 1990, W1 KA1 3 51k A9 R B 5 Y. WM T, 9(1): 11
~14.

S LRSS R E L BV, 2007, BB AL HLERRE ST X 1 R
4 )8 HUER AL 2 R AR BT Je DR, A A MR AL A A, 26(2) .
127~131.

FEE. 2003, BRI IR EA . MG, 22(2) . 95~99.

WHBUZS . B, R, & BN 2007, Rk TT AR DR 0 3 5 4
RG22 50 BT 3 BTE 4R . 26(3) : 335~343.

BEARAE ZRUR R A L. 1999, WP m AR PR G HMB AL R+
7S 5 B IR A 1 A SRR AE . A T, 15(3)  142~148.

BRWA R 4E. 1997, B AR 5% 5 5 A1 i k22 4Rk, db o Bl 2
AL, 113~114, 126~129.

RE, . EREM. WA, RS, PR, B, Rl
2008, BETUAYS HELSEG Y. U YA A 1Bk (b2 E
27(2): 137~145.

KT 2L B R LL. 2006, B 4R (K 7E B BT BRAb 4 T 4 R I Y
PEO b Y N SRR 4. 25(1) : 65~72.

S S O L R0 K B B . 2005, 48 19 BRI HBR 10 2 B 5T o
KBTS YL (0 B A XK. LB, 51(2): 181~188.

Bacon ] R, Hewitt 1 J. 2005.

atmosphere on upland Scottish soils: Chemical and lead isotope

Heavy metal deposited from the

studies of the association of metals with soil components.
Geochim. et Cosmochim. Acta, 69(1). 19~33.

Chon H T, Cho C H, Kim K W, Moon H S. 1996. The occurrence
and dispersion of potentially toxic elements in areas covered with
black shales and slates in Korea. Appl Geochem, 11: 69~76.

Fakayode S O, Olu-Owolabi B L. 2003. Heavy metal contamination
of roadside topsoil in Osogbo, Nigeria: its relationship to traffic
density and proximity of highways. Environ. Geol., 44; 150~
157.

Fang W X, Hu R Z, Wu P W. 2002. Influence of black shales on
soils and edible plants in the Ankang area, Shaanxi Province, P.
R. China. Environ. Geochem. and Health, 24; 35~46.

IAEA-TEC-4. 1992.

instrumental neutron activation analysis of airborne particulate

Sampling and analytical methodologies for

matter. Training courses no 4. International Atomic Energy
Agency, Vienna.

Jaffe L A, Peucker-Ehrenbrink B. Petsch S T. 2002.
rhenium, platinum group elements and organic carbon during
black shale weathering. Earth and Planet. Sci. Lett. , 198; 339
~353.

Kurtz A C, Derry L A, Chadwick O A, Alfano M J.
Refractory element mobility in volcanic soils. Geology, 28: 683
~686.

Lakhan V C, Cabana K, LaValle P D.

concentrations in surficial sediments from accreting and eroding

Mobility of

2000.

2002. Heavy metal
areas along the coast of Guyana. Environ. Geol., 42. 73~80.

Larcoque A C, Rasmussen P E. 1998. An overview of trace metals in
the environment., from mobilization to remediation. Environ.
Geol. , 33(2/3): 85~90.

Lavergren U. 2005. Black shale as a metal contamination source.
PhD thesis of the University of Kalmar, Sweden.

Lee C H, Lee H K. 2001.

metal contamination at the Narim mine creek in the Sulcheon

Hydrochemical monitoring and heavy

district, Repubilic of Korea. Environ. Geochem. and Health,
23 347~372.

LeeJ S, Chon HT, KimJ S, etal. 1998a. Enrichment of potentially
toxic elements in areas underlain by black shales and slates in
Korea. Envion. Geochem. and Health, 20.: 135~147.

LeeJ S, Chon H T, Kim K W. 1998b. Migration and dispersion of
trace elements in the rock— soil— plant system in areas underlain
by black shales and slates of the Okchon Zone,Korea. Journal of
Geochemical Exploration, 65; 61~78.

Littke R, Krooss B, 1991.

Quantification of loss of calcite, pyrite, and organic matter due

Klussmann U, Leythaeuser D.
to weathering of Toarcian black shales and effects on kerogen

and bitumen characteristics. Geochem. et Coschim. Acta, 55
(6): 3369~3378.
Loukola-Ruskeeniemi K., Kantola M, Halonen T, Seppanen K,

Henttonen P, Kallio E, Kurki P, Salvolainen H. 2003.



%01

A G HIC fhe™ X8 0 TS b G R 15 e s BR A 22 20 AT 105

Merrcury-bearing black shales and human Hg intake in eastern
Finland: impact and mechanisms. Environ. Geol., 43: 283 ~
297.

Martin R, Jerome V, Stephane B, et al. 2006. Controls in
weathering and provenance in the Amazonian foreland basin;
Insights from major and trace element geochemistry of Neogene
Amazonian sediments. Chem. Geol. , 226: 31~65.

Nesbitt H W. 1979. Mobility and fractionation of REE during
weathering of granodiorite. Nature, 279: 206~210.

Nurnberg H W. 1984. The voltammertric approach in trace metal
chemistry of natural wasters and atmospheric precipitation.
Anal. Chem. Acta, 164. 1~21.

Pasava J, Kribek B, Zak K. 2003. Preliminary results of the study of
toxic elements in soils and crop plants in areas of Ni-Mo black

south China ). In:

shale-hosted deposits ( Zunyi region,

Eliopoulos et al., eds. Mineral Exploration and Sustainable
Development, 53~56.

Peng B, Song Z L., Tu X L. Li H Z, Wu F C. 2004. Release of
heavy metals during weathering of the Lower Cambrian black
shales in western Hunan, China. Environ. Geol. , 45(8): 1137

~1147.

geochemical constrains on environmental impacts from waste

rock at Taojiang Mn-ore deposit, central Hunan, China.
Environ. Geol. , 52 (7). 1277~1296.

Petsch S T, Berner R A, Eglinton T 1. 2000. A field study of the
chemical weathering of ancient organic matter. Org. Geochem. ,
31: 475~487.

Peucker-Ehrenbrink B, Hannigan R. 2000. Effects of black shale
weathering on mobility of rhenium and platinum group elements.
Geology, 28 475~478,

Ponavic M, Pasava J, Vymazalonva A, Kribek B, Deng H L., Luo T
J. Li C Y, Zeng M G. 2006. Fractionation of toxic trace
elements in soils around Mo-Ni black shale-hosted minesite.
Zunyi regional, southern Chinaman: Environmental
implications. Bulletin of Geoscience, 81(3): 197~206.

Silva E F, Zhang C S, Pinto L. S, Patinha C, Reis P. 2004. Hazard
assessment on arsenic and lead in soils of Castromil gold mining
area, Portugal. Appl. Geochem., 19. 887~898.

Sutherland R A. 2002. Bed sediment-associated trace metals in an
Urban stream Oahu, Hawaii. Environ. Geol., 36: 5841 ~
5851.

Zhou T F, Fan Y, Yuan F, Cooke D, Zhang X, Li L J. 2008. A

Peng B, Xie S R, Xiao M L, Song Z. 2006. Geochemistry of soils preliminary investigation and evaluation of the thallium

derived from black shales, central Hunan, China. Chinese J. of environmental impacts of the unmined Xiangquan thallium-only
Geochem. , 25(Suppl. ): 85~86.
Peng B, Piestrzynski A, Pieczonka J, Xie S R, Xiao M L., Wang Y

Z, Tang X Y, Yu C X, Song Z. 2007. Mineralogical and

deposit in Hexian, China. Environmental Geology, 54 (1) ;131
~145.

Geochemical Study of Heavy Metal Contamination of Soils Derived from
Black Shales at the HJC Uranium Mine in Central Hunan, China

PENG Bo"”, TANG Xiaoyan” , YU Changxun” , XU Laisheng?® ,

XIE Shurong®” , YANG Guang” . YIN Chunyan”, TU Xianglin”

1) Faculty of Resource and Environment Science , Hunan Normal University, Changsha, 410081;
2) Changsha Institute of Uranium Geology , Changsha, 410011
3) College of Geoscience and Survey Engineering . East China Institute of Science and Technology . Fuzhou., 344000;
4) Guangzhou Institute o f Geochemisty , Chinese Academy of Sciences, Guangzhou, 510640

Abstract

This study carried out a geochemical approach on heavy-metal contamination of soils derived from
black shale (balck-shale soils) from the HJC uranium mine in central Hunan, China. Four soil profiles
numbered as A, B, C and D were surveyed and sampled. The concentrations of major elements, heavy
metals, and other trace elements as well as rare earth elements of the soils from the four profiles, the
bedrocks (the black shale) and the maize were analyzed using the ICP-MS machine. The results show that
the black-shale soils of the mine are enriched in Al,O; and Fe, O, ,and depleted by CaO, Na, O, with CIA
ranging from 79 to 84. The black-shale soils are distinctly enriched in heavy metals including V, Cr, Co,
Ni, Cu, Zn, Mo, Cd, Sn, Sb, Tl, Pb, Th and U, among which Mo, Cd, Sb and U are in highest
degrees, with enrichment factors (Ks) ranging from 5.1 to 112, 4.2 t0 8.5, 3.0 to 12, and 2.1 to 12,
respectively. The synthetic enrichment index (EI) values of the four soil profiles range from 3 to 9 with an
order of D>>A>>B>C, showing that the soils from the profile D are enriched with heavy metals in highest
degree. The heavy-metal contamination assessment using the method of enrichment factor (F) shows that
the soils of the mine area are mostly contaminated by heavy metals Cd, Mo, Sn, Sb and U, among which
the metals Mo, Cd and Sb are in highest degrees of contamination, with F values ranging from 5 to 20.

The impact of the heavy-metal contamination of the soils was testified by some maize growing from the
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soils, for which the biological toxic metals including Sc, Cd, Sn, Sb, U, Tl are enriched in the maize and
depleted in biological essential trace metals including Mo, Co, Ni, Cu and Zn. The sources for the heavy-
metal contamination of the soils are directly related to the bedrock, the carbonaceous black shale. The
heavy-metal contamination of the soils was controlled by many factors such as the enrichment of heavy
metals both in bedrock and the soils derived from it, the mobility of heavy metals during the processes of
soil formation, and others. Therefore, understanding the relationship between the heavy-metal
contamination and the influencing factors can help to predict the future developing tendency of the heavy-
metal contamination of the soils. The results show that the metal Cd might be a long-time lasting heavy-
metal contamination for the soils, and the contamination extents of metals Mo, Sn, Sb and U might be
reduced by releasing of the metals during weathering of the soils. However, the metals Zn, Mn, Ba, Co,
Ni and Th that have not achieved the contamination degree at present might cause the heavy-metal

contamination to the soils in the mine area in future due to the secondary enrichment during weathering.

Key words: heavy-metal contamination; soils derived from black shales; contamination effect; the

Hejiacun uranium mine; central Hunan





