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Fig. 1 The tectonic sketch map of the Ordos Basin, northwest China

(After Fan et al. , 2006)
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Table 1 The lithologic features of the studied samples
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ZK63-0-S-10 TR R AR A 102 ik 5T U8 T 45
ZK63-0-S-11 R T e ML A0 A 0 K 2 T R U IR B
ZK63-0-S-12 A, T R U O
ZK64-127-S-01 | RGP 4 B
ZK64127-502 | JE @ hib %
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ZK64-127-S-14 | FE4 4] B0 g 2
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ZKA183-87-08 | Ji o, vhofLAL I 77 0 o iy
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ZKA183-87-10 | K@ ki A 105
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ZKA79-11-09 KA AR s

ZKAT9-11-11 WA AR A
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R2BREGIAMWWEHMT HBLTENXER (neg/g)
Table 2 REE content (pg/g) of sandstone-type uranium deposits in the Ordos basin

”
B4 | La| Ce| Pr|Nd|Sm|Eu|Gd|Th|Dy|Ho| Er [Tm| Yb | Lu| Y |SREE ilggj: LLLYG 5Eu % 1% ﬁ
b/

ZK63-0-502 |19.2|38. 4|4, 42| 16 |2.69]0. 64]2.51|0. 35|2. 04]0. 37|1. 18]0. 16|1. 09]0. 14| 7.7 | 89.2 | 15.7 | 6.4 | 0.75] 21 | 2 |1
ZK63-0-503 |14.2(28.5|3. 67|13 4]2.59(0. 76|2. 22]0. 35| 2 [0.37| 1.1 0. 16[1.15)0.16|7. 82| 70.6 | 12.4 | 5 |0.97| 21 |2.01]1
7K63-0-5-05 |11.4] 22 |2.97]10.6]1. 93]0. 54| 1.6 |0. 24|1. 35]0. 26]0. 78]0. 11]0. 82[0. 12| 8.7 | 54.7 | 13.9 | 4.1 |0.94 | 33 |1.93] 1
7ZK63-0-S-06 49 195.7]10. 4|34. 4| 3.9 (0.89(3.43]0.36[1.67[0.28|0.91| 0.1 (0.8 [0.09(6.47|201.9 47 18.5 | 0.74 | 23 [1.95] 1
ZK63-0-507 |14.2|26. 8|3. 39|11, 8|2. 64]0. 77|3. 240. 55|3. 14[0. 63|1. 74{0. 26|1. 58]0, 22[14.3| 71 | 7.7 | 2.8 | 0.8 | 23 |1.89[ 1
ZK63-0-5-08 |17.2|53. 8|4. 24|14. 2|3. 02|1. 08[3. 19]0. 56|3. 09| 0. 6 |1. 63[0. 27|1. 61]0. 23| 12 |104.7] 12.1| 4.8 | 1.06 | 20 |3.13] 1
ZK63-0-509 |11. 4| 30 |2.07|7.05|1. 06{0. 53]0. 92| 0. 1 [0. 54]0. 08[0. 28]0. 04]0. 37[0. 04| 2.8 | 54.5 | 36.6 | 12.5 | 1.64 | 35 |2.63] 1
ZK63-0-S-10 |33, 3|83.9(8.31/29. 3[5.18|1.91(5.02|0.65|3.17|0.55(1.62(0. 25|1.55[0. 25(6.49| 175 | 20.8 | 11.5 | 1.14 | 12 |2.52| 1
ZK63-0-S11 |16. 6(32.7|3. 86|13. 4|2. 46{0. 84|2. 39|0. 34|1. 73[0. 32|0. 84]0. 12| 0.8 |0. 09[6. 71| 76.5 | 17 | 6.6 | 1.06 | 21 |1.97[1
ZK63-0-5-12 | 189 | 378 43.81| 144 |15. 5|3. 74[13. 8|1. 456. 17[1. 15]3. 51{0. 483. 15|0. 44|18. 1|804. 2| 48.2 | 22.9 | 0.78 | 16 | 2 |1
ZK64-127-S-01 |73. 3| 153 |18. 4/65. 4[11. 4|2, 08[8. 92(1. 37|7. 24|1. 49]4. 39]0. 72|4. 610, 67|13. 1] 353 | 16.2| 9.9 | 0.63| 9 |2.09| 1
ZK64-127-5-02 | 21 |39, 3|5. 16|18, 4[3. 39]0. 74]3. 09| 0. 5 |2. 990, 59[1. 71]0. 28]1. 850. 26|14. 7 99.3 [ 11.1 | 4 | 0.7 | 25 [1.87| 1
ZK64-127-5-03 |21. 5(50. 3|5. 07|17, 4[3. 06]0. 65|2. 66{0. 41|2. 32]0. 47[1. 37]0. 21|1. 41]0. 19|15. 1| 107 [15.8 | 4.7 | 0.7 | 32 |2.34| 1
ZK64-127-S-04 |25. 9(48. 8|6. 1220. 9[3. 04]0. 69]2. 53]0. 33(1. 79/0. 33]0. 99]0. 14]0. 98]0. 12|7. 21[112. 7| 23.1 | 9.1 | 0.76 | 22 |1.88| 1
ZK64-127-5-05 | 106 | 229 [25. 5|87, 2|12. 32. 48| 10. 5|1. 42|7. 09]1. 38| 3.9 [0. 61|3. 87|0. 53|25. 4|491. 8] 25.2 [ 10.7 | 0.67 | 18 |2.16] 1
ZK64-127-S-06 |60. 5| 135 |15. 7|55. 4]8. 62|1. 71]6. 28/0. 713. 200. 62|1. 93]0. 29|2. 07| 0. 3 |7. 26]292. 4] 30.8 | 17.2 | 0.71 | 12 |2. 23| 1
ZK64-127-5-08 |11. 9(23. 4]2. 98|10. 8[2. 25]0. 61|2. 42]0. 39|2. 11]0. 41]1. 11] 0.2 |1. 16/0. 17|8. 49| 59.9 | 9.8 | 3.9 | 0.8 | 21 |1.97| 1
ZK64-127-S-09 |40. 2|75. 2]9. 14|30. 6[3. 71]0. 95|3. 49]0. 52/2. 67]0. 46]1. 28]0. 15| 1 0. 12]9.87]169.5] 26.3 | 10.2 | 0.81 | 21 |1.87| 1
ZK64-127-S-10 |31. 8|77. 88. 34(30. 3|5. 46|1. 29(4. 69|0. 73|4. 08|0. 82(2. 42(0. 37|2. 65[0. 38| 24 |171.1| 13.9 | 4.5 [ 0.78 | 29 |2.45| 1
ZK64-127-S-11 |17. 6{34. 9|4. 2515, 1|2. 76]0. 73|2. 56{0. 43| 2.4 |0. 51| 1.5 |0. 27|1. 62]0. 26/8. 77| 84.9 [ 11.1 | 4.9 | 0.84 | 17 |1.98 1
ZK64-127-512 |15. 6{31. 7/3. 5613, 3[2. 41]0. 74|2. 18]0. 34|1. 890. 34|1. 01]0. 130. 91|0. 11|8. 04| 74.2 | 14.7 | 5.4 | 0.99 | 24 |2.03| 1
ZK64-127-S13 | 50 | 107 |12.7|45.4] 7.9 [1.53]6.34) 1 |5.58|1.11]3. 23]0.52(3.45| 0.5 | 17 |246.3] 15 | 7.1 | 0.66 | 15 |2.14| 1
ZK64-127-S14 |55. 8| 122 |13. 5(50. 2[9. 15|1. 88|7. 87|1. 28|7. 21|1. 35|3. 79]0. 58(3. 72|0. 52|17. 3] 278. 9| 14.1| 7.3 | 0.68 | 13 |2.19] 1
GSR4  |28.5(48.1]6.34/23.9]5.58| 1 |4.70.77|3.840. 73]2. 09]0. 32(1. 81]0. 23|18. 4| 146 [12.1 | 4.19 | 0.83 | 25 |1.69] 1
GSR5  |59.8| 101 |12. 844. 2|8. 01[1. 73]6. 52| 1.1 |6. 01|1. 23[3. 78] 0. 6 |3. 54]0. 45(38. 9| 289 | 14 | 4.2 |0.91| 32 |1.68| 1
ZK183-79-02 [38.8(63. 6|7, 69|26 2| 4.3 |2. 06|3. 64]0. 52|2. 42[0. 47|1. 35]0. 21|1. 14]0. 15[11. 4|163. 9|23. 43| 8. 27 | 1. 18 | 24 |1. 64| 2
ZK183-79-06 |21.4| 33 |4.26/15.4] 2.9 | 2 |2.47] 0.4 (1.99]0. 30[1. 13]0. 16{0. 94]0. 13|10. 2| 96.7 [ 15.8 | 5.31 | 1.37 | 26 |1.54| 2
ZK183-79-09 |36.5(53. 1|8. 31|31. 4]6. 51(2. 33| 5.5 |0. 99|5. 671. 16(3. 44]0. 56(3. 24]0. 41| 28 | 187 [9.29 | 3.31 | 1.06 | 24 |1.45| 2
ZK183-79-12 |19.8|21. 7|4, 03|14. 2|2. 47(1. 67|2. 16{0. 34| 1.9 [ 0.4 [1.19] 0.2 |1. 19]0. 15[s. 84| 80.5 [ 12.53 | 0. 65 | 1.37 | 22 [1.1] 2
7ZK341-60-04 [19.9(25.8|3.85|13.3|2.38(1.95| 2 1]0.29]1.48|0.28|0.85|0.13(0.83[0.11(6.23| 79.5 |17.46|6.79 | 1.49 | 22 | 1.3 2
ZK341-60-05 | 104 | 153 |21. 1] 73 |11.9[2. 72|10. 3 1.7 9. 08|1. 87| 5. 6 [0. 89|5. 29]0. 67|44. 7[445. 7[14. 98| 5.39 | 0.93 | 24 |1.47| 2
ZK64-127-S-07 |40. 8(62. 8/8. 93|32, 1[5. 27[1. 49]3. 58/0. 45(2. 04 0. 4 [1. 32]0. 22|1. 39]0. 19|9. 64[170. 5[25. 79| 9.9 | 1.02 | 24 |1.54| 2
ZKA139-35-03 |25. 6(32. 9]5. 52|20, 54. 17|1. 86|4. 01]0. 73]4. 53| 1. 04| 3. 3 |0. 52[3. 16| 0. 4 | 37 |145.3| 6.91 | 1.86 | 1.12 | 36 |1.29| 2
ZKA139-35-05 |68. 7(99. 2|14. 0{46. 1|7.28[1.71[6.49|1.07(5.95[1.32|4. 08|0. 66{3. 89]|0.49|26. 8[287.7[13.94| 5.5 | 0.92 | 20 |[1.44]| 2
ZKA139-35-13 |17. 4[23. 4] 3.8 |13. 2(2. 37|1. 51|2. 33] 0. 4 |2. 12|0. 44(1. 410. 24]1. 38]0. 17]9. 63 79.8 |10. 38| 4.05 | 1.31 | 22 |1.34] 2
ZKA183-87-02 | 62 [94.2]13.0]44.2(6.63(1.88] 6.2 | 1 |5.24]1.12(3.34)0. 52|3. 11]0. 38(32. 4|275.2| 15.5 | 4.84 | 0.97 | 29 |1.52| 2
ZKA183-87-08 [41. 1|44. 47. 31|23. 2[4. 09]1. 61[3. 74]0. 623. 28]0. 68|1. 99]0. 32|1. 77]0. 23[18. 2[152. 5| 14. 11| 4.63 | 1.09 | 27 [1.08| 2
ZKA183-87-09 |29. 3|44, 3]6. 49]22. 6(3. 97|1. 52 3. 3 |0. 54|2. 86{0. 66/1. 98]0. 34|1. 97]0. 26(16. 2| 136. 3|12, 95| 4.49 | 1.1 | 25 |1.51| 2
ZKA183-87-10 | 176 | 250 |33. 4] 108 |16. 2/2. 02|14. 8|2. 25|11. 0|2. 39| 7. 3 |1. 22|7. 05]0. 96{69. 3| 701. 8|18. 65| 5.91 | 0.77 | 29 |1.42| 2
ZKA39-14-02 |61.3] 107 |11.8| 41 |7.08|1.62[5.95] 1 |5.07]0.99|2. 93)0.47|2. 71]0. 35(31. 2| 280 [17.41]5.26 | 0.92 | 32 [1.74] 2
ZKA39-14-04 (41.3]53.3|7.76(27.3(4.71|1.89(3. 84|0.62] 3.310.72|2.18(0.36(2.17|0.29| 12 |161.8|14.56| 6.49 | 1.12 | 17 [1.29] 2
ZKA39-14-06 |11.2|11. 6(2.59(9. 31| 1.7 [0. 89[1. 33{0. 23(1. 35/0. 20| 0. 9 [0. 17{1. 04]0. 146. 45| 49.2 | 9.38 | 3.65 | 1.36 | 22 |1.04| 2
ZKA79-11-05 |41.9|75. 6{9. 31|33. 4]6. 16[1. 52[5. 06{0. 89]4. 79| 1. 01|2. 94]0. 47|2. 88]0. 3933. 6[219. 9[12. 93| 3.68 | 0.94 | 33 | 1.8 2
ZKA79-11-09 |27.7|31. 8|5. 58] 19. 4]3. 55|1. 45|2. 87]0. 53]2. 93]0. 62[1. 84]0. 31[1. 79]0. 24|13. 2[113. 8 [11. 17| 4.3 | 1.14 | 21 |1.15] 2
ZKAT9-11-11 |8.77(8. 96]1. 67]5. 88| 1. 14|1. 01]0. 97| 0. 2 |0. 95]0. 19]0. 69]0. 12]0. 71] 0.1 |5. 31| 36.7 | 9. 62 | 3.44 | 1.81 | 28 |1. 02| 2
ZKA79-11-12 |28. 6|41, 8[5. 49]19. 1|3. 47|1. 52|2. 72{0. 46|2. 36| 0.5 [1. 57]0. 26{1. 64]0. 25/9. 63[119. 5[ 14. 61| 6.17 | 1.17 | 19 |1.46| 2

B ST AE T R R BSOS AT ARSI D VORI L ASCHE 2 31 B Ling et al. . 2006,
R R IR X M ST AL BOGRE  s =Ce/2Y LM b RERHE A Eu B R RO D BULA A
# LREE/HREE /v, b W #/h . 76 2. 80 ~22.87  Hifl ZK63 i ZK63-0-s-8 | 11 iy 4 P HE M Eu
ZI) s FE b SEu {HAE 0. 63 2] 1. 64 Z[AIRGYEE N AE S0 A IR S Dl WA ol U DX ) A DL L T i
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Table 3 Trace element content (pg/g) of sandstone-type uranium deposits in the Ordos basin

(=R (;[/:) Ba Sr Zr Sc A\ Cr | Co Ni 7n Rb | Nb | Mo | Hf | Ta | Pb | Th U Au |D
ZK63-0-s-02 |0.12| 494 153 |30.4(6.73]25.8(18.4|3.32|5.55| 2.58 |81.7(5.65] 0.3 |1.19[0.39]31.8(5.98|7.03| — |1
ZK63-0-s-03 |0.14|1055| 98.2 |77.9(2.05|23.2|12.1(2.77]3.93| 7.97 [76.9(5.08/0.39(2.25{0.89(2.07(6.36|1.33|61.9]| 1
ZK63-0-s-05 |0.14|1188| 87.3 | 244 [3.61|17.7|16.1|2.38(9.62 8 98.715.62| - 16.16]0.31|8.35|6.52(1.38| — |1
ZK63-0-s-06 |0.13| 588 | 70.6 |40.4|2.58(26.1| 8.9 |1.42|3.67| 1.18 |88.9]4.51]0.06(1.38]0.41(8.33|5.2(1.32| — |1
ZK63 -0-s-07 [0.31] 773 | 79.2 |41.5(3.79(12.2|11.3(4.42] 5.2 | 8.19 [57.9(9.26(3.13| 1.6 |0.47|16.6|8.76(7.67| — |1
ZK63-0-s-08 |0.17| 659 | 73.4 [52.7(3.03| 164 |16.4|13.3(3.93] 19.5 [86.5[4.92(0.96|1.64|0.44|3285|3.98[2204| — 1
7ZK63-0-s-09 |0.17| 706 | 67.2 |36.2|4.97| 129 |16.5|17.9| 16 23.6 | 135 |7.04(2.23]1.47(0.39|15.5|3.66(39.9| — |1
ZK63-0-s-10 |0.05|1208| 89.1 | 182 | 2.7 |7.35|9.12|3.55|4.59| 26.8 |91.5] 3.3 |0.96(5.07]0.26(19.6(3.87|1.69| — |1
ZK63-0-s-11 |0.05]| 949 127 |24.9(3.35|7.33(3.47(3.29(4.79| 29.4 |84.7| 595 |0.52]0.91]0.49(13.4(3.28(0.62| — |1
ZK63-0-s-12 |0.48|2702| 340 139 16.81(50.5|48.2|16.9| 28 7.61 | 105 |13.2(1.81(4.34(0.95|14.3|12.4| 3.3 |62.3] 1

ZK64-127-s-010.47| 212 | 96.2 | 137 [10.2|64.2[63.8[15.1(37.9| 33.3 | 167 [17.2]0.43]4.46(1.35]13.8| 15 [2.41| — |1
ZK64-127-s-02 | 0. 41| 375 160 158 |6.78| 40 |38.4]6.98|16.64| 28 94.913.7|1.29|4.72|0.97|15.5|14.2|1.82| — |1
ZK64-127-s-03 | 0. 27 | 474 112 148 |5.92| 30 |28.6|5.14|13.2| 29.4 | 125 | 11 |0.27|4.31]0.62|14.4|8.48]1.64|18.4]| 1
ZK64-127-s-04 |1 0. 08| 447 | 69.7 [61.6| 1.8 |9.75| 9 [1.25]3.18| 3.45 [56.8| 3.2 |0.218/1.74(0.31]10.6| 3.9 |1.18|33.5| 1
ZK64-127-s-05 0. 61| 475 | 90.9 | 169 [8.52(68.3[62.9[13.9[25.8 17 183 |16.11(0.83115.41(1.06|5.34|8.93|2.48(63.5] 1
ZK64-127-s-06 | 0. 62| 189 | 84.4 | 120 |6.12] 188 [58.7]10.9]30.2| 5.58 | 116 [16.7]0.42]4.11]1.08]| 214 [2.98(23.6(73.3]| 1
ZK64-127-s-08 | 0. 18| 464 79 57.71 4.5 133.6(19.2(3.49(4.89| 19.3 |83.2]7.060.065/1.67|0.41{10.8|6.66]1.46 2 1
ZK64-127-s-09 10. 09| 688 | 89.2 [26.5|3.75|96.7|8.15[1.61]2.88| 7.57 [63.6|4.14|0.03|1.01(0.22(12.6(2.71|21.6| — |1
ZK64-127-s-10 | 0. 52| 343 106 168 |8.78(61.8|54.2|11.1|23.7| 28.1 | 236 |15.5]0.47(5.86|1.28|4.43|10.1] 2.8 |89.4]| 1
ZK64-127-s-11 0. 62| 665 108 155 [2.48(25.7|21.5|5.86(8.44| 12.6 |52.7]14.5(1.21|4.22|1.02|3.26(10.3(6.51(65.3|1
ZK64-127-s-1210. 06 | 609 145 126.913. 4.22 14 63.5]2.41(0.36(0.96(0.33|11.33.56(1.47| — |1

3 :

7

ZK341-60-05
ZK64-127-S-07

69| 560 |188.97|1.36|1.046| 260 | 151 |20.6|43.1|238.78| 106 [23.9]2.67

91| 861 |147.61|1.07

0

1

1

0

1

1

1 . 367 150 {35.49.94(20.5]39.69 | 138 {11.2]0.08|2.33]0.65/|17.
.66 (1231 (422.43|0. 87

1

1

1

0

1

2

7.5413.13]0.01

NSRS

ZK64-127-s-13 | 0. 54 | 298 176 136 32| 84 |68.4 41 33.3 | 159 |17.4115.8614.22(1.27]20.7|15.2] 4.2 ]126.1
ZK64-127-s-14 | 0. 48 | 463 | 374 114 19161.7(54.2]15.5(30.2] 29.7 | 116 |14.4]1.17]3.55]1.02]16.7]18.6]3.86|94.1
GSR-4 1.57] 193 | 53.18]0.961(0.119/32.6]17.3]6.35]16.8]19.15[27.6] 5.9 [0.686/1.82]0.35[7.08[7.05| 2 ]0.03
GSR-5 3.96| 334 |123.1| 1.2 |0.755/90.7| 107 |22.1|37.2|120.8| 219 |19.310.426/3.18|1.13|9.31|18.95/1.78]|0.04
ZK183-79-02 |2.02|1531|347.8|0.840.252/85.2(41.8|8.03|13.9]55.72[89.8| 8.8 |0.030/1.38(0.61]13.8(8.14|2.05|0.01
ZK183-79-06 |1.11]1369|378.5(1.29/0.23334.8| 23 |4.64|8.62|539.99| 82 |[5.44]1.56(3.89|0.41|10.9(3.12]0.92]0.01
ZK183-79-09 |3.24]1093(325.86|1.030.409| 67 |53.4|17.2|25.6|349.18|74.7|13.63/0.86|2.14|1.02|20.5|5.07|5.73| 0.1
ZK183-79-12 |1.62|1313|284.65]0.8810.181{61.9| 28 |7.54|11.2]235.85/68.8] 6.6 (21.62{1.52] 0.5 |11.2]2.74|34.4]0.03
ZK341-60-04 |1.56|1456 |212.14|1.250.204]54.8(32.5|8.28| 16 [447.22|76.5|8.0918.28/3.55(0.51[13.8(2.34|0.73|0.01
4
2
1
4

2

8
.58(1.39(31.9122.94/4.35|0.03

6

1

7

0
0
1
0
0
.3500.591) 140 | 108 |21.
0
0
0
0

DO DN NN NN DNDN NN DN NN NN NN DN NN DN

ZKA139-35-03 .39 105 |61.6]15.6| 36 |89.73| 100 |11.3(0.04|1.49]0.63|15. 5.5 10.73
ZKA139-35-05 |12. 5| 870 |264.51 6128.5]90.84 56.7(43.2|5.15|4.47(2.25|21.716.37/90.4|0.09
ZKA139-35-13|3.28[1230(309.32|1.13/0.283/78.4|55.5[11.2|17.7(266.58{73.1| 14 [10.64| 2.7 [0.87|14.5| 3.5 |8.68|0.02
ZKA183-87-02 | 4.8 [1032(325.85|1.21/0.753] 178 | 106 [22.6|47.9|147.3 | 115 |21.5]0.34|3.23(1.32(23.9(11.46| 2.3 |0.02
ZKA183-87-08 | 2. 64 | 1197 | 277.7 | 0. 94 |0. 356 254 |58.4|13.5|24.3|51.84]93.9(12.1(8.79|1.74( 0.5 |10.5(4.81|81.1| —
ZKA183-87-09 | 4.37[1270(321.87|1.210.656/ 135 |89.4|14.8| 31 |725.75| 108 |21.1|21.46/3.26|1.11|22.1]6.86| 150 |[0.01
ZKA183-87-10 | 24. 21003 |261.11{2.08|0.76| 220 | 113 |27.7|41.5|245.13]66.5|96.3[81. 18/24. 07| 3.3 |25.3[67.75/58.1|0.06
ZKA39-14-02 [4.59|1008 [313.23| 1.6 |0. 845 176 [98.1|29.7|58.1|706.26| 112 |20.84/0.38| 7.9 |1.74]23.9|17.173.35|0.07
ZKA39-14-04 |1.65|1308(280.73|0.9110.231/69.1| 20 |4.28]7.84|98.33|63.9]5.58|0.53]1.64|0.62|16.6(2.78[3.16/|0.01
ZKA39-14-06 [3.21| 980 |229.5|0.93[0.18|70.4|34.6|7.95]11.8|163.9 |42.5|11.64|8.64| 1.7 |0.63]10.5|3.56(32.2| —
ZKA79-11-05 |4.94| 916 |379.13| 1.2 (0.824] 202 | 113 | 34 |57.1|841.12| 111 |21.14{0.33|3.19|1.19|28.7|17.56| 2 ]0.01
ZKAT79-11-09 |2.25|1230(305.24|1.1810.311/79.7|36.2|8.82]13.9(325.34|67.3]10.1|8.74]3.05|0.52| 18 |4.37| 108 | —
ZKA79-11-11 |{1.96 | 1219 |251.21|1.030. 196/ 83.6 [42.7|7.33| 13 [182.75/64.9(9.03[3.93|2.13]0.47(8.94[2.63|69.5| —
1

ZKA79-11-12 |2.76 |1270|284.27]0. 97 |0. 384 79. 9|40. 4 | 8. 74| 12.5(339.02| 77 [13.03)6.87|1.85[0.77 |14.7(4.39|71.3| —
T T IRTE o R 2 R OG22 AL BT OS2 20 BT N A s O BB IR 1 AU 2 51 A Ling et al., 2006,
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Fig. 2 The distribution patterns of REE of the samples
from sand-type uranium deposit in Huangling area
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(a) samples from drilling hole of ZK 63; (b) samples from
drilling hole of ZK 64. The REE chondrite values are from
Taylor et al. , 1985
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(a) samples of drill hole ZK 63; (b) samples of drill hole ZK 64.
the chondrite values of Rb, Th, U, Ta, Nb, La, Ce, Pb, Sr,
Nd, Zr, Sm and Y are from Sun et al. (1989), Pr, Eu, Gd, Dy,
Er, Yb and Lu from Taylor et al. (1985), and Hf from Thompson
(1982)
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(1) SRR Z i 25 b b 5 B Al 7 REE SR R AE
R L A E M T D Y R S A Y
SREE Z b 1E 36. 7~701. 8pg/g Z A&, Eu 5
WEFUE, 7£0.3~2.5 W&, U &RAZMIR
R AE 0. 6~2204pg/g Z 0], U 5 5 Fl— 28 f3f
JLE M Ti. V. Zr Mo Au 5 —E MM RKR.

(2) i T MR TC R AT TR 45 2R s 5 sl -
IR G 5% 4 2 DU Y B A AL By I8 X, X
& RO U LR 1 M sk Ak 27 T B R IK/a T
8 AV XU Y REE (1) 4y Bl 52 e A K, 1
HXAGAE F 3 78 v ml g 40 Akt >k B9 REE SUAE X
52 TP ULTE T ok . REE Y58 5z i it £ 47 U5 X () b
BRAL 2% B AE (U0 . Schreiber 28, 1992; MacRae %%,
1992; R FIE = 55, 2005) , FEMBEITTE S8
R E A U 5 HAfh— 2 on £ oo
R A1 B Y AH OGP

(3) W& b ah ™ 1Y & A AT LU T T Y AL A
Fe: T A DU M2 2 Bk B IS A K AR
FERT 4% U AL A 5 T K [F i 8 2 aba .
PRI Ay 2 J] 30 Ml AT TSR R T gl e A
TG+ o iy (2 B4R S5, 1999; 4 X FF4¢,
2006) . FAI B, ARG PR S0 E R i
W RIS B 2 2 v e Y LA M 2 v 2 i DL B
T U S i A2 B U A PR e A A S A A
A AR Th B K 24728 42 300 A 5 Al AT DA A 3]0 55
LA, 19955 Fh D48 %5 ,1996) , i T HR/R £ 4
iy S — AN KA S 3 A OB 2 R RE TR 3L A i TR 4
Hu, 2 BAIRE A PLET . HORAE RS A L
Ji kA e # . A HLE I ST B )2 ) ik
B EETADISE L E AR U A M AE S
M FE AR EE DL B XAETE T8 Al B L 78 16
Ji B8 5% LAY T2 X AE AE B DLTE B X (Langmuir,
1978 ; Spirakis. 1996) . PR3 s A8 FLAN 25t 23 4 1 %
e, Y AN KB AR IR s R ik
JE AR S A S A BILJE Y DX DU TR O D T T
R X I X AR TPl ) A R s R A A AL

Bt UL RS PN TR L R R R AL
G3BIESEAE S ST AR B0 H 1R R X0
R EVIE S .

£ % X Bk / References

WRECAE . ZEERE . SRR FE. 2003, TR [E rh BT AE £ 40 0 00 A R 4l
FEPR KRR T ) MR, DORREAR . 21D 1 113~117.

PRk IE. 2002, FBIK 22 40 4 b A6 & vty 7K SCHb BT 4% 4 5 il o i 5 4y
Br. #hHLBR ., 18. 287~294.

WAeR, 200, PE, K, WEZ, Ge, FAR, B E.
2005. SRR 22391 A4t R HH 1 o e Ak [R] £ 3 4 AR AIE B R
PBXTLE. fihsAdR, 26(1):18~26.

KR 2002, IR FRIR Z WAL b7 A AC A 0 25 B e R T i
S AL, 18(6) : 340~347.

BEZ W, MIZERE. B, IKE . 2006, M B AR H R A VR
WS R E R E . MR 80(5) : 694~699.
IR, WANFT. EXME, BB, WIS RE. 2006, R ZHT AL
AR B A IS R AE LA T . R . 80(5)

748~752.

ZEREE, SKAE, 2003, BRA R ARG R Pl 0 K UHLEE. Al it
s 20:80~84.

VIR, 2007, BRIR 22100 45t 60 55 SR AT 4 2 RS R Ak A BF
S8, A E R ROR K AR A 2 A7 He k8 3. 11 2pp.

X, BATAR . FE . BRI, 2005, BRIR 230 A 6 4 RO w2k
R L @t M2, 79(6) . 737 ~747.

X b . 2005, 73 2 Fh e IR A 7 2 A7 w4 UM () BF ST . b
5 RRAE R AL 1~ 16.

XM, BRLTA%, HE/NE, HAROF, BRI, R, 2006, SRZE
S0 73 AL — POk 1 B A bR B B OO R . LT AR, 80
(5):617~638.

XH, XEEE, A2EkAE, 1996, JH TCP-MS i iy Il 5 5 A K bt P iy
40 RFPCEE T HE. HBRALAF . 25(6):552~558.

BRRAE, XSEAR . S AW, 1999, KAT I WA A 3K 0 3 S Hk 1 i
AR . b st Hb 5 AL

B, B, BN, RE A, Bl AT, ZWE . Tk,
JKIEHE, 2003, R WMIEALH S A B T A R E . A
IRBIEPERE, 13, 164~168.

TR, WK, F4T. TUE, B0, F K, 2003, 2R L
DA TUANET R 1O PR R AE B L s BRI 2 B X — DA AL A
Hb 511 Al ET PR Ak 0 b 2T REAN AT R O . MR AR AR, 77
120~125.

R A 1995, ) F 8 K A 5878 12 08 ok W 98 S0 OR 20 37 4 b A o
BRI . 38(3): 339~349.

VDA XA, TR, 1996, B6/R 2 Sl AR S B k. Kby
W5, 20010): 29~37.

INGEHT . ZE B, WhEE . MK A, 2003, U022 b IX X S8k b SR M s 3
RIS AT i X &, ST, 19(2) . 214~219.
F4&F, W&, BRI, 2ZH i, 2005, B a1 R F S0,/
Al Os WAE S &0 PR RIFIE : DAPE $E IR KR 13 5 R o

PR . e A A . 11(1)  77~84,

FXUHT. 1996, PR 20 0 43k st 3R 8 0 A B HE IR BE VR M. b
s ol hegl, 1~437.

Bk, T3, 2004, BRIR 230 7t Z R RE IR 0 77 & SR HUA Y LR
Al SRR, 25:385~392.

Ak, B BN, o, EAT. . e, X
BH . BREZHT, 2005, Ik I 734 TG R 2% b 5 0 4l 0 b 5T b BR b 2
FEAPFAE. W RHLR . 24(1) :34~43.

BATH RGO, ik, BLRGR. R T, 2003, DIBUAR TS
] ST BV T 2% I DA IR 2230 v A AR A AR
Jik b DX A ). R M, 1994 ~99.

B, MRS, XIDH . J506, EHESE. 2003, EJL D F 8-
AP ARV R A B, T . 19(3) . 129~
136.

MEH, FEFE. B, 2004, ARkt IXORD A B R IS A AR
WAy R A0 A6 B 5. G o, 20(2) 137 ~140.

B2l Mok E , ZEm Y. JRAEEL, FEAR, B, 2006, SRR Z M
F AR R AT 1 e AN MR AR, 80(5) 1 705~T711.



154 Moo

e

2008 4F

dRE, TS, ARSCA, 2004, SRR 2307 VY k6 o R A% A A R AE
KR AL 22 5 BT L. M BT R L 78(5) :600~611.

T JE, XL, 1992, FRAE vi B384 75 S L & <t —— LA S
IR 22 357 4 b R0 1) 435 A 45 vl R b B 2 e g L L b B R
I ROR A AR WA PR SR 4. AL it U st B E HOR AR AL
610~613.

RPGFR, HEmsn, EEW. RAUL, XA, 2003, KRR A AT
i 0 M BRI R IE D4R, Hb R ERfL 2, 31(1) :39~45.

RVETE, UM, s, R, BE%, 47, xgdk, 2004,
BBt 212 () 4 Al RS S T [ AL R B ER AL E DTS IR
T, 23 444~451.

KPGFE . W RSE, 2005, REE b3k Ab 2% 76 00 5 B 4k ™ T 5% Hh 1 i
FH. #BREPE, 51(4): 401~408.

Adler H H. 1974. Concepts of uranium ore formation in reducing
environments in sandstones and other sediments. Formation of
Uranium Ore Deposits. Int. Atomic Energy Agency, Vienna,
Austria, 141~168.

D G. 1976.

accumulations to the hematite—pyrite interface in sandstone-

Brookins Position of wuraninite and/or coffinite
type deposits. Economic Geology, 71(5): 944~948.
Castor S B and Henry C D. 2000.

origin of volcanic rock-hosted uranium deposits in northwestern

Geology, geochemistry, and

Nevada and southeastern Oregon, USA. Ore Geology Reviews,
16:1~40.

Chen Daisheng, Li Shengxiang, Cai Yuqi. 2003. A discussion on
research situation and development direction of and stone-type
uranium deposits in the Meso—Cenozoic basin of China. Acta
Sedimentologica Sinica, 21(1):113~117.

Cox D P and Singer D A. 1986. Mineral deposit models : Bulletin
1693, U. S. Geological Survey, Washington, DC, USA, 1~
379.

Darby B J and Ritts B D. 2002. Mesozoic contractional deformation
in the middle of the Asian tectonic collage: the intraplate
Western Ordos fold—thrust belt, China. Earth and Planetary
Science Letters, 205(1): 13~24.

Finch W 1, 1996.
definition.
Bulletin , 2141:18~30.

Granger H C, Santos E S, Dean B G and Moore F B.

Sandstone-type uranium deposits at Ambrosia Lake,

Uranium provinces of North America their

distribution, and models. US Geological Survey

1961.

New
Mexico——an interim report. Economic Geology, 56: 1179 ~
1209.

Lohmann K C.
systems and their application to studies of paleokarst. In: James
N P, Choquette P W, eds. Paleokarst, New York: Springer-
Verlag. 58~80.

Langmuir D. 1978. Uranium solution

1988. Geochemical patterns of meteoric diagenetic

mineral equilibria at low
temperatures with applications to sedimentary ore deposits.
Geochim. Cosmochim. Acta.42:547~569.

Ling Mingxing, Yang Xiaoyong, Sun Wei, Miao Jianyu and Liu
Chiyang. 2006. Geochemical characteristics of REE and trace
elements of sandstone-type uranium deposit in Ordos Basin,
Northwest China. Chinese Journal of Geochemistry, 25; 354~
364.

Liu Shaofeng. 1998. The coupling mechanism of basin and orogen in
the western Ordos Basin and adjacent regions of China. Journal
of Asian Earth Sciences, 16: 369~383.

Longstaffe F J. 1987. Stable isotope studies of digenetic processes.

In: Kyser T K.
Temperature Fluids, MAC Short Course Series, 13:187~257.
Lorilleux G, Cuney M, Jébrak M, Rippert J C and Portella P.

2003. Chemical brecciation processes in the Sue unconformity-

ed. Stable Isotope Geochemistry at Low

type uranium deposits, Eastern Athabasca Basin (Canada).
Journal of Geochemical Exploration, 80:241~258.

MacRae N D, Nesbitt H W and Kronberg B 1. 1992. Development
of a positive Eu anomaly during diagenesis. Earth and Planetary
Science Letters, 109; 585~591.

Meunier J D, Bruhlet J and Pagel M. 1992. Uranium mobility in the
sediment-hosted uranium deposit of Coutras, France. Applied
Geochemistry, 7: 111~121.

Mikake S, Yoshida H, Koide K, Maekawa K, Ogata N and
Yanagizawa K. 2000. Methodology development for modeling
heterogeneous conductivity fields for a sandstone type uranium
deposit, central Japan. Engineering Geology, 56:185~195.

Milodowski A E, West ] M, Pearce ] M, Hyslop E K, Basham I R
and Hooker P J. 1990.
associated  with
Scotland. Nature 347: 465~467.

Min Maozhong, Xu Huifang, Chen Jia and Fayek Mostafa. 2005.

Uranium-mineralized microorganisms

uraniferous hydrocarbons in southwest

Evidence of uranium biomineralization in sandstone-hosted roll-
front uranium deposits,

Reviews, 26. 198~206.

northwestern China. Ore Geology

Pirc S and Rose A W. 1981. Uranium anomalies in paleo-aquifers
near sandstone-type uranium deposits in the Devonian catskill
formation of Pennsylvania. Journal of Geochemical Exploration,
15: 219~231.

Ritts B D, Hanson A D, Darby B J, Nanson L and Berry A. 2004.
Sedimentary record of Triassic intraplate extension in North
China: evidence from the non-marine NW Ordos Basin, Helan
Shan(Mt. ) and Zhuozi Shan(Mt. ). Tectonophysics, 386177
~202.

Schreiber U M, Eriksson P G and Snyman C P. 1992. Mudrock
geochemistry of the Proterozoic Pretoria Group, Transvaal

sequence (South Africa): geological implications. Journal of
African Earth Sciences, 14: 393~409.

Shikazono N and Utada M. 1997. Stable isotope geochemistry and
diagenetic mineralization associated with the Tono sandstone-
type uranium deposit in Japan. Mineralium Deposita, 32: 596~
606.

Spirakis C S, 1996. The roles of organic matter in the formation of
uranium deposits in sedimentary rocks. Ore Geology Reviews,
11. 53~69.

Taylor S R and Mclennan S M. 1985. The Continental Crust, Its
Composition and Evolution. Oxford: Blackwell,9~56.

Thompson R N. 1982. British Tertiary volcanic province. Scottish
Journal of Geology, 18:59~107.

2004.

characteristics of interlayer oxidation zone type of sandstone

Yang Dianzhong, Xia Bin and Wu Ganguo. Development

uranium deposits in the southwestern Turpan—Hami basin.
Science in China (Ser. D), 47. 419~426.

Ye ] R and Lu M D. 1997.
basin: A case study of the Ordos basin, NW China. Journal of
Petroleum Geology, 20(3) :347~362.

Zhang Lifei, Sun Min, Wang Shiguang and Yu Xueyuan. 1998. The

composition of shales from the Ordos basin, China: effects of

Geochemistry modeling of cratonic

source weathering and diagenesis. Sedimentary Geology, 116



1% 53 4« SRR 22 301 A D o Rk 4 R b R A 2 R A B M M B R 155

54
129~141.
B A i B3 / Explanation of Plates

TROR 2230 4 A D A e AR AR
K B2 Qri— A & PRI K A KI—# K A . Bi— B =

B, Am—f N A ,Ser—#H = H:, Chl— 4t e 1, Py — 8 7", Lim—#&§

A,

(a) MRAEFT A R KA 2408 . BT YA S RURHE £ OR8] S SRR
B BRI 05 1E 28 O R S ZKA183-87-08,

(b) WA PR K AR E, FET U AR A KA 2 Wk
B8] FE LR PR AT FIZR = B 5 1E 38 OG L FE i ZKA39-14-04,

(o) W BT LRI K A b K 24 s, 322 g e AL fi2g
B IESSOG . #E i ZK183-87-05,

()R AZ Jo i rh MR & A 2% D o P R G bk 0 Bk 0 ks SO, RE A
ZK139-35-13,

Ce) TRAEJAY & Bl 4k v 4l B A R 5 o B A SO AR AR S
R AR BT G R D ABURL ] 5 KOG L B ZK341-60-04,

D ¥ A8 MY ok K A b A B e R B B Ak OGBS
ZKA183-87-08,

(@) TR BT AR A A 0 25 P 5 4l R 2 A 1) B R BORE 5 S0 L R
i A39-14-03,

Ch) 28 T 9 AR A7 2 002 o 32 2 ol A D RIR A A s 8] O ¢ 8
A48 = BEFRGE 874 5 1 38 ) . B i ZKA139-35-01,

() VRAE R D A 32 8 0 R A AR, Hoh KA LT A 2R
=B IE SR OG B ZKAT9-11-06,

The petrographic diagrams of U-bearing sandstones from Ordos
Basin.

Qrt—quartz, Pl—plagioclase, Kf—patassic feldspar, Bi
biotite, Am-—amphibole, Ser—sericite, Chl—chlorite, Py—
pyrite, Lim—Ilimonite).

(a) medium——coarse grained arkose with low metamorphism, made

of quartz, plagioclase; the chlorite, sericite and clay minerals
are within the grains of other minerals, polarized light (sample
No. ZKA183-87-08).

(b) medium-grained arkose with low metamorphism, made of
quartz, plagioclase; the chlorite, sericite and clay minerals are
within the grains of other minerals, polarized light (sample No.
ZKA39-14-04).

(c¢) medium- grained arkose with low metamorphism, made of
quartz, plagioclase; the plagioclase is often alteration with
chlorite and sericite (sample No. ZK183-87-05).

(d) medium-grained arkose with low metamorphism, the alteration of
porphyritic pyrite is seen within the grains of minerals, reflected
light (sample No. ZK139-35-13).

(e ) medium-grained arkose with low metamorphism and
mineralization of uranium, the uranium minerals are within the
grains of pyrite and limonite, reflected light (sample No.
ZK341-60-04).

(f) medium- grained arkose with low metamorphism, the alteration
of porphyritic pyrite is seen within the grains of minerals,
reflected light (sample No. ZKA183-87-08).

(g) medium- grained arkose with low metamorphism, the ribbon
alteration of pyrite is seen within the grains of minerals,
reflected light (sample No. A39-14-03).

(h) middle-grained arkose with low metamorphism, made of quartz,
plagioclase; the chlorite, sericite and clay minerals are within
the grains of other minerals, polarized light ( sample No.
ZKA139-35-01).

(1) medium-grained arkose with low metamorphism,made of quartz,
plagioclase; be noticed that the plagioclase is almost altered into
sericite, polarized light (sample No. ZKA79-11-06).

Geochemical Features of Sandstone-Type Uranium Deposits in
the Ordos Basin and Their Geological Significances

YANG Xiaoyong"? , LUO Xiandong" , LING Mingxing” , LAI Xiaodong"
1) Research Center for Oil and Natural Gases, School of Earth and Space
Sciences, University Science and Technology of China . Hefei, 230026
2) State Key Laboratory of Geological Processes and Mineral Resources ,

China University of Geosciences, Wuhan , 430074

Abstract: On the basis of analyses of trace elements and REE from the sandstone-type uranium
deposits in the Ordos Basin, the genesis of multiple energy resources and the formation of different ore
deposits have been discussed in this paper. The high precision ICP-MS analyse presents that the total REE
amount ranges from 36. 7 to 701. 8 pg/g, manifesting that the contents of REE in mudstone samples is
commonly higher than those of sandstone samples. The distribution patterns of the sandstone-type
uranium samples characterize REE as enrichment in the light REE and depletion in heavy REE, showing
the high Y abundance and abnormity of Eu between 0. 30~2. 5. The U abundances are 0. 6~2204 png/g,
some strong correlation between U enrichment and the related elements, such as Ti, V, Zr, Mo, Au has
been revealed by this study. This study presents a geochemical basis for understanding the relationships

between U enrichments and other related elements.

Key words: sandstone-type uranium deposit; REE; Trace elements; genesis of uranium deposits;
Ordos Basin
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