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Abstract Longwan deposit is located in the central Guizhou-northwestern Hunan uranium mineralization belt. It is the first
discovered large-scale uranium deposit in Guizhou Province in recent years. Taking Longwan deposit as the research object this study
has focused on its mineralogy geochemistry and genesis. The result shows that the primary uranium mineral in this ore consists mainly
of pitchblende while the secondary uranium ores formed under surface conditions are well developed mainly including silicon calcium
uranium selenium lead titanium uranium and urinal phosphate mineral etc. with nanometer-micro level of granular ( particle size
of <10pm) stringer or implicit crystalline forms occurring in in the uranium minerals ( organic matter clay minerals etc. ). The
ore-forming materials mainly come from ore-bearing horizon and some may come from basement magmatic rocks. The oreforming fluid
is the mixture of deep fluid and meteoric precipitation. The enrichment of uranium and associated elements is closely related to
carbonaceous mudstone with abundance of organic matter phosphate mineral iron ore and clay minerals. The formation of uranium ore
is controlled by such factors as stratum ( Laobao Formation) lithology ( carbonaceous mudstones) structure ( fault of Sansui syncline
and oblique tangential syncline interlayer fault) sedimentary environment ( marine reductive sedimentary environment of continental
rifts and rifts) . Tt experienced the mineralization process of uranium enrichment during the formation of ore-bearing rock series under
the action of seafloor jets in Xuefeng period followed by leaching hydrothermal superposition and re-enrichment under the background
of intraplate extensional tectonic movement in Yanshan-Himalaya period is described. Epigenetic metallogenic characteristics are
obvious and the deposit belongs to sedimentary-hydrothermal superposition transformation type. The research results of this paper have
important guiding role and reference significance for promoting uranium mineralization prediction and prospecting exploration and
enriching carbonaceous and siliceous mudstone uranium mineralization theory in eastern Guizhou.

Key words Uranium deposit; Carbonaceous-siliceous mudstone type; Ore controlling factors; Geochemical characteristics; Deposit
genesis; Longwan Sansui
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Fig.1 Geological and mineral resource sketch map of eastern part of Guizhou
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Fig.2  Geological map of Longwan mine area in Sansui County
1-Quaternary System; 2-Lower Cambrian Changmachong Fm. -Middle Cambrian Gaotai Fm. ; 3-Lower Cambrian Jiumenchong Fm. ; 4-Upper Sinian—
Lower Cambrian Laobao Fm. ; 5-Lower Sinian Doushantuo Fm. ; 6-Qingbaikou System-Nanhua System; 7-uranium deposit; 8formation boundary; 9-
normal fault; 10-thrust fault; 11-unknown and presumed fault; 12-syncline axis
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4 BSE

Fig.4 BSE images of uranium occurrence formed in Longwan uranium deposit

(‘a) uraninite distributed in the organic matter in the form of veinlets and cryptocrystalline with spectral peak figure of uranotile; (b) selenium-ead
ore presenting a ring structure surrounded by pitchblende; ( ¢) titanium uranium closely associated with uraninite; ( d) pitchblende furong uranium
depositclosely associated with clay minerals; ( e) pitchblende clumpy and closely associated with quartz; ( f) pitchblende distributed in scattered spots
on the edge of quartz grain
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2 (wt%)
Table 2 Analysis results of constant element ( wt% )

S0,  ALO, Fe,0, K0 Mg  NaO  P,0,  Ti0,  Mn0O  Ca0 1Ol Total

L1 55. 64 1.93 5.14 0.75 1.75 0.13 6.42 0. 08 0.02 11.50 11. 60 94.97
12 65. 11 1.29 4.49 0.63 2.63 0.07 1.35 0. 06 0.02 6. 00 10. 55 92.19
14 46. 35 2.88 4.07 1.32 3.45 0.15 6.70 0.12 0.02 14. 88 14.76 94.70
15 78.57 1.26 4.45 0.47 0. 84 0.07 3.54 0.07 0.02 6. 34 3.26 98. 89
L7 80. 96 0. 87 3.64 0.28 0. 65 0. 06 2.84 0.04 0.02 6. 07 3.08 98.52
L8 69. 36 1.88 4.57 0.76 2.61 0.08 0.95 0.09 0.02 6. 44 9.46 96.22
19 59. 04 0.94 5.05 0.44 3.96 0.07 0. 40 0.04 0.03 10. 05 13.41 93.43
L10 55.26 1. 61 4.6 0.75 3. 66 0.10 0.43 0.07 0.03 9.87 19.29 95. 68
L12 67.62 1.14 4.48 0.53 2.93 0.08 0.36 0.05 0.03 6. 54 11.29 95. 04
L3 39.35 3.05 4.05 1.67 4.63 0.13 0.48 0.13 0.02 11. 36 27.44 92.31
L6 23.10 1.12 4.03 0.48 9.63 0.07 0.38 0.05 0.03 18.16 41.77 98. 82
L11 32.05 1.78 2.55 0.99 6. 06 0.13 1.09 0.07 0.02 13.62 35.02 93.38
L13 59.39 1.61 5.14 0.61 3.67 0.08 3.10 0.07 0.03 10. 09 11.43 95.23
L15 16. 35 2.12 1.78 1. 05 6. 65 0.08 0.55 0.09 0.01 12. 15 56.37 97.20
L17 27.7 2. 66 3.00 1.24 5.47 0.21 0.91 0.12 0.02 9.52 47. 88 98.73
L18 13.97 2.23 2.52 1. 14 7.48 0.16 0.61 0. 095 0.02 11. 62 54. 69 94. 54
L19 15.91 2.24 1. 86 1.11 6. 86 0.18 1.68 0. 100 0.02 12.55 53.4 95.91
120 13.85 1.86 1.58 0.76 11. 81 0.10 0.54 0.08 0.02 18. 06 45.92 94. 58
121 12. 46 2.05 1.71 0.97 8.53 0.14 0.77 0.09 0.02 13. 67 52. 66 93.07
) 122 14. 11 1.96 2.24 0. 89 8.96 0.16 0.59 0.08 0.02 14. 62 50. 14 93.78
123 39.02 6. 81 4.07 2.74 3.94 0.19 2.71 0.35 0.02 9. 61 29.32 98.78
124 42. 60 3.18 2.45 1.22 3.45 0.24 0.55 0.13 0.02 11.5 29.96 95.30
125 31.1 4.16 2.88 1.39 1.72 0.17 8.75 0.18 0.01 17.2 28.22 95.78
126 13.70 2.95 1.54 0.88 8.82 0.19 0.41 0.09 0.02 15.7 49.38 93.68
127 79. 40 0.70 1.59 0.25 1. 80 0.07 0.16 0.03 0.02 3.02 12.55 99.59
128 36.51 4.80 3.82 0.72 0.40 0.10 1.70 0.23 0.01 1.83 44.36 94. 47
129 18.85 2.87 2.26 1.36 2.98 0.22 0.77 0.13 0.01 5.42 63. 63 98. 50
130 37.77 2.63 2.56 1.13 4.81 0.18 4.62 0.12 0.02 14. 11 28.12 96. 07
131 22.7 2.57 2.20 1.28 5.94 0.19 1.00 0.12 0.02 10. 35 51.83 98. 20

Ap- ; Bar— ; Dol- ; Hem— s Fs— ; Py— Q-
Fig.5 Scanning electron microscope backscattering images of uranium ore in Longwan uranium deposit
Ap-apatite; Bar-barite; Dol-dolomite; Hem-siderite; FsHfeldspar; Py-pyrite; Q-quartz
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3 (x107%)
Table 3 Trace element analysis results ( x 10 ~°)
Co Mo Cd Ni Cu Zn W Bi Se Ga Nb U Th
L1 6.88 109.4  12.65 94.56 141.5 461.7 4.60 1.07 0.66 4.42 1.51 157.5  3.40
12 5.17 41.87 2.31 57.41  64.79 146.7 2.38 0.12 0.21 3.06 2.42 32.50 2.30
14 4.66 163.2 11.01 101.8  218.2 302.4 3.00 0.12 3.79 4.31 1.06 171.8  5.60
L5 2.66 16.90 1.94 48.96 125.7 140.4 0.89 0.13 0.69 2.03 0.65 26.60  2.50
L7 2.19 31.27  20.72  48.68 106.1  294.8 1.21 0.08 2.08 3.25 1.03 45.5 2.50
I8 4.96 41.92 3.72 57.93  78.31 136.4 1.98 0.11 0.62 2.70 2.70 117.0  2.50
19 3.50 81.18 0.68 38.84  41.57 31.82 6.98 0.14 0.09 2.05 2.16 117.4  1.65
L10 4.92 142.7 0.81 51.77 58.92  32.63 5.85 0.11 0.15 3.84 3.10 192.9  1.46
L12 2.62 96.38 0.43 23.74  35.68 19.55 3.04 0.07 0.06 2.06 1.80 181.5 1.85
4.17 92.28 3.64 54.82 106.1 174.0 3.33 0.22 0.93 3.08 1.83 115.9 2.64
0.04 1.85 0.09 0.03 3.54 3.16 0.11 0.09 12.40 0.77 <0.01 5.71 0.03
L3 10.15  332.6 3.98 123.0  113.7 127.4 6.07 0.15 1.21 5.48 6.82 357.1 4.23
L6 7.30 336.4 2.68 122.7  73.60  85.68 7.77 0.11 0.24 4.40 4.90 661.7 2.85
L11 3.91 103.3 0.57 36.87 41.40 28.14 5.11 0.06 0.01 4.17 2.23 122.7 1.79
L13 3.14 161.0 1.78 67.75 53.00 62.23 2.65 0.07 0.40 3.19 1.20 227.0  2.50
L15 26.49  697.0 3.79 221.1 105.5 339.0 81.10 0.13 55.16 6.63 5.53 813.0 2.21
L17 14.6 1050 5.04 312 134 480 4.68 0.24 5.25 8.06 6.48 812 3.79
L18 10.2 584 2.94 158 154 319 6.14 0.16 0.89 6.43 6.59 681 2.98
() L19 7.88 655 1.77 140 90.2 204 6.81 0.16 1.77 7.11 6.08 814 2.65
20 7.77 498 3.27 166 75.6 260 5.22 0.15 1.69 4.13 4.97 652 2.20
21 7.93 634 3.06 148 78.1 284 7.21 0.16 1.59 5.88 6.05 679 2.49
122 9.73 476 8.38 210 288 1160 6.56 0.15 2.86 5.6 5.86 433 2.33
123 14.4 588 14.2 318 222 500 4.9 0.33 5.78 11.3 9.26 200 6.41
128 2.49 67.2 1.48 22.6 23.9 21.1 2.66 0.18 0.43 2.36 1.57 64 0.94
129 21.8 108 120 114 458 412 7.17 0.34 0.66 13.4 8.7 1110 3.49
L30 14.8 548 32.9 147 738 394 3.59 0.41 2.23 8.82 7.92 804 3.54
L31 9.68 224 10.6 162 136 648 4.48 0.26 2.39 9.43 4.54 229 3.05
10.77  441.3 13.53 154.3 174.1  332.8 10.13 0.19 5.49 6.65 5.54 541.2 2.97
0.10 8.83 0.34 0.08 5.80 6.05 0.35 0.08 73.20 1.66 0.01 26.66  0.04
105 50 40 1960 30 55 29 2.5 0.075 4 658 20.3 79.5
McDonough and Sun ( 1995)
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Fig. 6 Primitive mantle-normalized trace element spidergrams of surrounding rock ( a) and ore ( b)
1.85 ~12.40. ( ) Ba.As.Sb.U.Bi U/Th>1
U N ( 2000; 2001)

N . Ba.As.Sb.U.Bi 2985 x10°.
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4 (ME-MS) (x107%)
Table 4 ( ME-MS) analysis results of mine and surrounding rock ( x 10 %)
Sr Ba \Y U Th Sh As Cr Be Sc Se Ni Mo Tl
L14( ) 27.8 1600 1500 29.3 0.54 9.40 17.5 124 0.34 0.6 15 74.4 31.3  2.00
L15( ) 164.5 680 389 813 2.22 11. 85 62.6 53 3.70 2.5 55 221 697  6.45
L16( ) 105.5 4370 72 16.6 0.43 0.91 10. 4 38 0.33 0.3 5.0 38.9 12.50 0.53
350 700 60. 0 2.50 9.6 0.20 1. 80 35.0 2.80 10.00  0.05" 20.0 1.50 0.45
Rudnick and Gao 2003; " 1986
5 (x10°%)
Table 5 Contents( x 10 ) and characteristic values of rare earth elements in surrounding rocks
L1 L2 14 L5 L7 18 19 L10 L12
La 20. 24 5.56 11.49 8.51 16. 30 22.43 15.99 21. 61 9.31
Ce 24.02 8.43 14.91 9.36 14. 19 24.74 17.83 23.93 12.57
Pr 6. 67 2.09 5.09 3.01 4.29 4.31 2.42 3.21 1.53
Nd 32.54 10. 89 26.76 14.74 20.71 17.72 10. 59 13.13 6.40
Sm 7.35 2.77 6.79 3.59 4.84 3.59 1. 84 2.28 1. 11
Eu 1.74 0.70 1. 66 0.99 1.41 0.93 0.52 0.58 0.36
Gd 7.55 3.05 7.05 3.70 5.20 3.79 2.05 2.49 1.22
Th 1.33 0.58 1.30 0.69 0.98 0. 65 0.34 0. 40 0.20
Dy 9.54 4.35 9.54 4.84 7.09 4.54 2.23 2.62 1.28
Ho 2.01 0.93 1.99 1.05 1.48 0.94 0. 49 0.55 0.26
Er 6.27 2.84 6.30 3.30 4.58 2.89 1. 44 1.63 0. 80
Tm 0.99 0. 46 0.97 0.55 0.74 0. 46 0.21 0.23 0.12
Yb 6.39 2.85 6. 47 3.76 4.73 2.92 1.28 1.33 0. 69
Lu 1. 14 0. 46 1.13 0. 67 0.78 0.50 0.19 0.20 0.11
Y 86.91 37.61 75.76 39.77 54. 83 35.87 22.74 25. 86 11.93
Y. REE 214.7 83.56 177.2 98. 61 142. 1 126.3 80. 16 100.0 47.89
> LREE 92.57 30. 44 66.72 40. 27 61. 69 73.72 49.19 64.75 31.28
> HREE 122. 1 53.12 110. 6 58.36 80. 38 52.59 30.93 35.35 16. 58
YCe/XY 0.76 0.57 0. 60 0. 69 0.77 1. 40 1.59 1.83 1. 89
8Ce 0. 47 0. 56 0.44 0.90 0.39 0.57 0. 65 0. 66 0.76
SEu 0.71 0.73 0.73 0.82 0. 86 0.76 0. 81 0.74 0.94
(La/Sm) 0.41 0.30 0.25 0. 36 0.51 0.93 1.30 1.42 1.26
(Gd/Yb) 0. 68 0.62 0.63 0.57 0. 64 0.75 0.93 1.09 1.02
( La/Yb) 0.23 0. 14 0.13 0.17 0.25 0. 56 0.92 1.20 0.99
13.95x107°.5.16 x 10 °.22.95 x 10 °(  4) .0.22x10°° (
( 3) ( Rudnick and Gao 2003) 1986; 2018) ;U  SiO,
4.3.7.8.25.8.9.2.1.3 U/Th=35.5 1 U.Si
o Mo.TI.V Si HSO; ™ U o
Mo.TI. V ( 1986) . 3.4
Se Se? .87 ( 5. 6) Y REE =47. 89
(1.924.1. 844) . ( -1.05eV. —1.01eV) . x107% ~214.7 x 107 ( 119.0 x 107°) Y LREE/
(1.10.1.15) > HREE =0. 57 ~ 1. 89( 1.12) 8Ce =0.46 ~0.88(
( 0.64) SEu=0.71 ~0.94( 0.79); ( ) > REE =
2014) . 43.68 x 107° ~349.0 x 10 ~°( 156.1 x10°%) Y LREE/
LOI U Lol ( > HREE =0. 64 ~2.47( 1.36) 8Ce =0.47 ~ 1. 18(
7) N . U 0.72) 6Eu=0.62 ~ 1. 04( 0.84) . (1)
CaO Ca’* (1. 124) .U** (1. 00A) () > REE LREE 8Ce~
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6 () (x107%)

Table 6 Contents( x 10 ™) and characteristic values of rare earth elements in ore ( mineralization) layer

L3 L6 L11 L13 L15 L17 L18 L19 120 121 122 123 127 129 L30 131

La 8.90 27.5 9.79 20.6 26.4 40.1 12.8 13.2 29.6 30.7 23.80 36.00 9.98 15.00 47.20 37.20
Ce 17.3 29.5 1229 19.7 31.7 48.1 25.6 28 33.4 38.4 28.80 45.00 16.20 23.10 45.40 43.90
Pr 3.21 3.96 1.47 4.50 4.53 7.44 2,42 2,22 512 458 3.90 819 1.76 2.88 9.68 6.85
Nd 16.5 15.7 5.76 20.5 18.5 28.8 864 10.1 19.3 18.4 16.40 31.60 6.79 11.4 39.7 27.6
Sm 3.84 2.70 0.95 5.33 3.57 5.76 1.7 2.1 3.66 3.94 3.22 6.64 1.30 2.23 811 5.50
Eu 0.92 0.62 0.23 1.37 0.79 1.77 0.56 0.76 1.08 1.09 1.01 1.98 0.41 0.84 2.74 1.6l
Gd 4.23 2,94 1.00 5.94 424 6.52 1.8 2.37 416 4.24 3.77 7.10 1.48 2.72 9.8 6.34
Th 0.76 0.46 0.15 1.04 0.63 1.28 0.34 0.45 0.78 0.8 0.69 1.38 0.26 0.47 1.9 1.18
Dy 5.63 3.01 0.93 7.30 3.98 9.28 2.24 3.34 596 568 4.8 8.96 1.5 2.7 12.6  7.74
Ho .22 0.66 0.19 1.45 0.87 1.98 0.45 0.64 1.19 1.28 1.06 2.03 0.34 0.64 2.98 1.70
Er 3.8 2.06 0.61 4.26 2.34 512 1.17 1.48 3.48 3.37 275 574 079 1.8 8.66 4.48
Tm 0.61 0.32 0.087 0.62 0.31 0.78 0.18 0.24 0.56 0.52 0.43 0.92 0.12 0.29 1.34 0.72
Yb 3.97 2.13 0.56 3.63 1.76 4.3 1.02 1.24 2.96 2.94 2.44 566 0.64 1.68 7.62 4.06
Lu 0.69 0.39 0.098 0.58 0.23 0.68 0.18 0.20 0.48 0.46 0.40 0.97 0.12 0.26 1.18 0.64

Y 57.67 33.40 8.95 59.34 46.30 88.88 19.98 24.18 61.68 66.00 51.00 83.80 11.70 29.80 150.0
> REE 129.2 125.4 43.68 156.2 146.2 249.9 79.00 90.44 173.3 182.4 144.6 246.0 53.39 95.83 349.0 232.3
> LREE 50.60 80.05 31.09 72.02 85.49 132.0 51.72 56.38 92.16 97.11 77.13 129.4 36.44 55.45 152.8 122.7
>HREE  78.64 45.36 12.59 84.16 60.66 117.9 27.28 34.06 81.17 85.29 67.42 116.6 16.95 40.38 196.2 109.7

%
1
fole]
S

>Ce/YY 0.64 1.76 2.47 0.86 41 1.12 1.9 1.66 1.14 1.14 1.14 1.11 215 1.37 0.78 1.12
8Ce 0.74 0.64 0.78 0.47 66 0.64 1.05 1.18 0.62 0.74 0.68 0.60 0.88 0.80 0.48 0.63
S6Eu 0.69 0.67 0.72 0.74 62 0.8 0.97 1.04 0.84 0.81 071 0.73 0.90 1.04 0.93 0.83

(La/Sm)y  0.35 1.53 1.55 0.58
(Gd/Yb)y 0.62 0.8 1.03 0.95
(La/Yb) x  0.16 0.95 1.27 0.42

11 1.04 1.13 0.94 1.21 1.17 1.11 0.81 1.15 1.01 0.87 1.0l
39 0.88 1.02 1.11 0.81 0.8 0.8 0.73 1.34 0.94 0.75 0.9
10 0.68 0.92 0.78 0.73 0.77 0.72 0.47 1.14 0.65 0.45 0.67
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Fig.8 Chondrite-normalized REE patterns of in surrounding rock ('a) and ore body ( b)
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Longwan uranium deposit( after Allegre and Michard 1974)
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