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Fig.1  Simplified tectonic map showing the interior units and faults of the Kailu Basin
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Fig.2 Schematic diagram of uranium deposit:(a) geological map of Qianjiadian area; and (b) borehole distribution
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Table 1 Uranium, reductant index and associated elements with rhenium correlation matrix
for Yaojia Formation in the Qianjiadian area
U s v Mo Se Org.C Fe?'/Fe™ Re
U 1.000
0.513 1.000
v 0.359 0.646 1.000
Mo 0.632 0.957 0.668 1.000
Se 0.625 0.061 0.432 0.261 1.000
Org.C 0.531 0.813 0.659 0.843 0.411 1.000
Fe’'/Fe’ 0.521 0.498 0.235 0.516 0.243 0.610 1.000
Re 0.726 0.445 0.103 0.498 0.501 0.631 0.802 1.000
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Table 2 Major elements with rhenium correlation matrix for Yaojia Formation in Qianjiadian area
Si0, ALO, TFe,0, MgO Ca0 Na,0 K,0 MnO Ti0, P,0, Loss Re
Sio, 1.000
ALO, -0913 1.000
TFe,0, -0.818 0.562 1.000
MgO -0.879 0.738 0.689 1.000
Ca0 -0.005 -0.198 0.035 0.372 1.000
Na,0 0.595 -0.411 -0.806 -0.347 0.214 1.000
K,0 0.605 -0.456 -0.719 -0.390 0.135 0.961 1.000
MnO -0.479 0.443 0.254 0.667 0.337 -0.129 -0.288 1.000
Ti0, -0.916 0.943 0.607 0.721 -0.156 -0.518 -0.593 0.547 1.000
P,0, -0.667 0.753 0.292 0.655 -0.205 -0.133 -0.229 0.740 0.781 1.000
Loss -0.951 0.792 0.887 0.779 -0.057 -0.741 -0.715 0.334 0.845 0.531 1.000
Re 0.329 -0.569 0.150 -0.354 0.234 -0.268 -0.121 -0.510 -0.513 -0.824 -0.112 1.000
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Fig.5 Trace elements with (a) rhenium R-type cluster analysis spectrum;

and (b) rare earth elements R-type cluster analysis spectrum
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Table 3 Trace elements with rhenium correlation matrix for Yaojia Formation in Qianjiadian area
Cr Cu G Rb Sr Nb cd In Cs Ba Ta I Bi Zr Hf Re
Cr 1.000
Cu  -0281  1.000
Ga -0.429 0749  1.000
Rb  -0359 0.015 0.580  1.000
St 0267 -0.045 -0277 -0.071  1.000
Nb  -0.512 0501 0742 0.625 -0.207  1.000
Cd 0139 0496 0379 -0.342 -0.182 -0.104  1.000
In  -0615 0685 0617 0357 0227 0.626 0091 1000
Cs -0309 0.899 0.733 0251 0.199 0.629 0226 0.783 1.000
Ba 0737 -0238 -0.064 0232 0322 -0.209 -0.094 -0.401 -0.138  1.000
Ta -0284 0250 0616 0811 -0211 0863 -0350 0370 0412 0.141  1.000
W 0983 -0313 -0417 -0271 0200 -0435 0018 -0.622 -0330 0767 -0.I51  1.000
Tl -0.056 0235 0609 0372 -0400 0429 0584 0227 0.120 0051 0340 -0.056 1.000
Bi  -0.196 0968 0728 0.063 0.095 0488 0448 0.643 0925 -0.096 0289 -0.228 0.176  1.000
Zr  -0.140 0325 0.687 0421 -0.746 0593 0302 0.063 0206 0060 0581 -0.072 0738 0253  1.000
Hf  -0217 0702 0490 0.146 0050 0735 -0.112 0.603 0782 -0.120 0.568 -0.156 0.004 0.697 0294  1.000
Re 0075 0146 0453 0213 -0367 0.179 0.693 0019 -0.023 0.121 0150 0.048 0912 0133 0613 -0220 1.000
F4 HBFRIFHXPRERe 5L TRHEKXER
Table 4 Rare earth elements with rhenium correlation matrix for Yaojia Formation in Qianjiadian area
La Ce Pr Nd Sm Eu Gd Th Dy Ho Er Tm Yb Lu Re

La 1.000

Ce 0.943  1.000

Pr 0984 0936  1.000

Nd 0.950 0967 0968  1.000

Sm 0.814 0928 0819 0918  1.000

Eu 0.606 0765 0570 0712 0894  1.000

Gd 0.646 0825 0615 0764 0936 0965  1.000

Th 0.560 0773 0537 0698 0904 0965 0989  1.000

Dy 0.547 0765 0520  0.680  0.890 0959 0982 0997  1.000

Ho 0514 0739 0480 0644 0858 0944 0970 0988 0996  1.000

Er 0.523 0748 0491 0656 0864 0942 0972 0989 0996 0999  1.000

Tm 0.533 0753 0500  0.664 0868 0942 0975 0988 0995 0999 0999  1.000

Yb 0.532 0754 0501  0.663  0.872 0940 0973 0989 0996  0.997 0998 0999  1.000

Lu 0.508 0.734 0.476 0.641 0.856 0.935 0.964 0.985 0.994 0.997 0.998 0.997 0.998 1.000

Re 0405 0288 0358 0286 0314 0174 0191 0121 0099 0045 0042 0048 0074 0038  1.000

x5 SREHMRU|KAWEETETE (we.%) METE (x107°) FELITE (x10°) FTER
Table 5 Chemical compositions of metasedimentary rocks from the Yaojia FormationQianjiadian area
(major elements (%); trace elements (x107°); rare earth elements (x107°))

Rl 11-1 112 113 11-4 11-5 11-6 -7 -8 119 1-10 -1 1-12
Sio, 74.01 69.49 65.64 77.02 76.71 75.50 79.25 76.16 77.21 7291 76.24 75.46
ALO, 12.97 14.80 15.70 12.43 11.56 12.51 10.27 12.48 12.21 13.43 11.60 10.70

TFe,0, 2.40 3.26 4.32 1.45 1.73 248 2.16 1.81 1.66 345 272 335
MgO 0.59 0.55 0.80 0.19 0.34 0.30 0.16 0.31 0.22 0.31 0.17 0.43
Ca0 0.84 0.53 0.43 0.30 0.95 0.39 0.24 0.67 0.39 0.29 0.24 1.21
Na,0 1.92 1.62 1.51 1.91 1.83 1.63 1.71 1.78 1.73 1.60 1.71 1.65
K,0 3.69 3.27 3.22 3.70 3.51 3.30 3.46 3.52 3.44 335 3.50 3.40
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e aTiRe2 1I-1 11-2 11-3 11-4 1I-5 11-6 11-7 11-8 11-9 1I-10 II-11 1I-12
MnO 0.10 0.13 0.08 0.02 0.05 0.06 0.06 0.06 0.05 0.02 0.01 0.06
TiO, 0.41 0.75 0.72 0.41 0.39 0.43 0.29 0.41 0.40 0.48 0.37 0.32
P,0; 0.17 0.20 0.19 0.13 0.12 0.13 0.14 0.13 0.12 0.11 0.11 0.08
Loss 2.40 4.92 7.02 2.01 2.26 2.84 1.72 2.20 2.12 3.60 3.32 3.33
0] 465 110 448 525 138 118 130 190 253 728 677 1268
S 0.02 0.06 0.03 0.11 0.08 0.11 0.07 0.05 0.10 0.54 0.20 0.20
A4 335 75.9 242 70.5 42.8 433 44.9 20.7 24.5 94.2 29.4 68.0
Mo 0.46 0.80 0.70 1.01 1.10 0.85 1.03 0.95 1.13 17.20 3.17 8.65
Se 0.40 0.95 0.37 0.41 0.15 0.51 0.17 0.16 0.18 0.27 0.07 2.10
Org.C 0.02 0.10 0.02 0.07 0.10 0.22 0.24 0.02 0.09 0.44 0.15 0.37
Fe*/Fe™ 1.20 1.14 1.48 2.58 2.07 2.01 2.73 2.84 2.11 2.82 247 341
Re 0.22 0.25 0.34 0.35 0.36 0.42 0.45 0.46 0.50 0.51 0.65 0.88
Li 28.8 23.6 20.7 26.6 23.8 28.6 20.8 21.8 294 28.7 34.5 38.3
Be 1.46 1.36 1.20 1.80 1.48 1.87 1.67 1.58 1.91 1.94 291 2.35
Cr 12.80 19.90 8.74 12.40 10.80 15.90 25.70 131.00 12.20 11.20 14.10 23.90
Co 8.00 4.63 5.97 5.66 7.34 7.70 12.30 11.00 7.55 4.89 20.80 8.89
Ni 19.70 7.10 6.52 7.55 9.12 12.30 17.80 15.80 9.93 8.73 26.10 26.10
Cu 13.80 9.40 7.74 11.10 7.14 14.60 14.80 7.05 7.93 10.00 9.87 13.40
Zn 41.1 43.1 37.1 18.7 375 422 43.4 74.5 37.7 69.9 479 149.0
Ga 14.5 13.4 11.2 14.2 12.7 15.5 13.5 11.4 13.3 14.0 14.6 16.0
Rb 112.0 119.0 101.0 128.0 119.0 123.0 93.5 104.0 121.0 126.0 114.0 125.0
Sr 184.0 338.0 249.0 304.0 282.0 292.0 299.0 295.0 240.0 199.0 146.0 238.0
Nb 11.70 9.72 9.04 10.60 9.58 11.00 8.74 7.90 11.00 9.60 9.20 12.00
Cd 0.18 0.21 0.16 0.10 0.13 0.29 0.75 0.33 0.16 0.24 0.60 0.68
In 0.04 0.04 0.03 0.04 0.03 0.04 0.04 0.02 0.03 0.03 0.03 0.04
Sh 1.70 1.56 1.61 2.24 1.96 243 1.55 3.02 3.14 4.18 9.35 7.43
Cs 5.03 4.48 3.01 4.39 3.50 5.33 4.94 3.07 3.66 4.13 3.17 4.92
Ba 560 732 556 705 633 839 531 989 673 687 673 683
Ta 0.90 0.76 0.73 0.90 0.81 0.90 0.66 0.75 0.88 0.84 0.76 0.90
W 2.04 1.31 1.35 1.75 1.44 2.02 1.24 11.00 1.46 1.60 1.32 2.23
Tl 0.94 0.78 0.79 1.32 1.03 1.40 0.76 1.17 1.50 1.71 3.34 5.95
Pb 20.0 20.5 22.0 21.7 25.4 26.6 26.2 324 29.2 27.1 54.3 59.5
Bi 0.20 0.14 0.11 0.16 0.12 0.24 0.22 0.12 0.13 0.15 0.14 0.20
Zr 184 141 142 144 136 171 131 150 168 173 191 199
Hf 5.31 3.96 3.91 4.13 3.44 4.92 3.94 3.53 3.89 3.61 3.12 4.47
La 22.4 32.6 32.6 28.9 29.8 37.7 30.8 29.9 35.0 34.6 29.6 343
Ce 41.0 61.2 61.8 52.5 60.9 84.1 60.5 59.0 69.9 65.2 55.8 64.5
Pr 4.96 7.32 7.45 6.32 6.62 8.39 7.08 6.98 8.04 7.75 6.71 7.42
Nd 19.2 26.2 28.6 233 259 335 26.2 26.9 29.8 29.6 25.1 27.1
Sm 3.65 4.12 5.18 3.84 4.75 6.94 4.73 4.79 5.37 5.13 4.72 5.01
Eu 0.90 0.83 1.00 0.73 0.93 1.44 0.80 0.89 0.97 0.97 0.90 1.01
Gd 3.40 3.05 4.17 3.02 4.47 7.34 3.69 3.77 4.34 4.46 3.84 4.31
Th 0.64 0.50 0.72 0.46 0.80 1.38 0.64 0.67 0.76 0.71 0.64 0.73
Dy 3.48 2.51 4.00 2.46 4.48 8.50 3.46 3.59 4.26 3.67 3.30 4.09
Ho 0.67 0.45 0.75 0.48 0.89 1.81 0.65 0.65 0.77 0.67 0.57 0.76
Er 1.96 1.31 2.26 1.48 2.68 5.40 1.91 2.01 2.37 2.03 1.69 2.24
Tm 0.32 0.21 0.37 0.25 0.43 0.85 0.32 0.32 0.38 0.34 0.27 0.36
Yb 2.02 1.35 2.29 1.58 2.65 5.10 2.05 2.09 2.47 2.10 1.74 2.37
Lu 0.33 0.21 0.37 0.24 0.43 0.82 0.32 0.32 0.39 0.31 0.26 0.37
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Fig.6  Comparison of rhenium and uranium contents with different lithology

in the erosion source area of Qianjiadian uranium deposit'
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Table 6 Analysis results of Re content of different primary rock types in Qianjiadian area
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Table 7 Analysis results of Re content of rock types in different oxidation zones, Qianjiadian area
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Geochemical Characteristics and Rhenium Mineralization, Qianjiadian
Uranium Deposit, Kailu Basin
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Abstract: This study discusses the mineralization of rhenium associated with uranium in the Qianjiadian uranium de-
posit. Present studies of the geochemical characteristics of rhenium in this area are combined with previous research
results. The content of rhenium in the sandstone uranium ore of the Qianjiadian uranium deposit is high, and has
reached the comprehensive utilization index. Re correlates well with Fe*/Fe™, Se, U and organic C, indicating a
close symbiotic relationship. The very poor correlation with rare earth elements suggests less stability than the surface
stability of rare earth elements. The formation of the rthenium deposit in the Qianjiadian area has undergone five stag-
es: pre-enrichment; the formation of ore-bearing main rocks in the Upper Cretaceous Yaojia Formation, and the sedi-
mentary and metallogenic stages.The main ore-forming stages were interlayer oxidation and hydrodynamics, and shal-
low oxidation and modification in the Paleogene.The superposition and metallogenic stage of hydrothermal rhenium,
and the ore-preserving stage of hydrocarbon diffusion and reduction in the Neogene. These five stages are very similar
to the spatial distribution of uranium in the region. The similarity also determines the coexistence of uranium and rhe-
nium in the same horizon and the enrichment in the same region on the stratum, which provides a basis for the joint
exploration and mining of uranium and rhenium.

Key words: rhenium; sparsely scattered elements; Qianjiadian; Yaojia Formation; sandstone-type rhenium

mineralization



