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Abstract The accurate and precise ages of uranium mineralization are scarce because those uranium minerals ( pitchblendes)
usually show heterogeneous and fine grains in component and structure and may have formed in several stages. The conventional bulk
uranium minerals ( pitchblendes) U-Pb dating methods previously employed were unable to avoid alteration minerals and precisely
discriminate different stages of uranium mineralization to obtain the precise ore-forming ages. With the constant improvement and
development of analytical techniques oreforming age of uranium mineralization has been extensively studied. However the insufficient
understanding on constraint for uranium mineral U-Pb dating techniques and uranium mineral requirement for U-Pb dating systems
commonly resulted in that either the obtained ages were geological meaningless or the isochron ages were failure to be constructed. This
paper presents the development process of analysis methods for oreforming ages of uranium mineralization in detail. These main dating
methods include: (1) uranium mineral U-Th-"*Ph chemical age; (2) uranium mineral UPb model age; (3) conventional uranium
mineral U-Pb isochron age; (4) uranium mineral associated with other minerals dating; and ( 5) in-situ uranium mineral U-Pb dating.
Additionally we also review these issues on various dating techniques of uranium mineralization and propose some items for future
development of metallogenic geochronology on uranium deposit.

Key words Uranium minerals; Geochronology; Dating methods; Current research
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Fig. 4 Single U-Th-Pb pitchblende chemical age using Cameron-Schiman ( a) and Ranchin ( b) formula and weight age diagrams

for the No. 201 uranium deposit northern Guangdong South China ( after Luo 2015)
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Table 1  EMP chemical concentrations ( wt% )
Guangxi  South China ( after Luo et al. 2017)

(wi%) (

of pitchblendes from the Menggongjie granite-hosted uranium deposit northern

Luo et al.

2017)
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Na,0 80, UO, a0 Fe,0; PbO ALO; ThO, S0, K,0 F €l P05 TiO, V,05 Total Age (Ma)
MQ2N4 0.12 0.21 86.02 2.19 0.56 0.04 0.15 — 0.15 0.00 0.18 — 0.76 0.10 — 90.48 2.21
MQ3N2 0.13 0.11 84.88 2.39 0.43 0.02 0.13 — 0.12 0.11 0.13 — 1.05 0.06 — 89.59 2.23
MQ3N3 0.12 0.69 87.18 2.12 0.55 0.02 0.44 — 0.20 0.06 0.12 0.02 0.99 0.07 — 9255 2.29
MQ3N<4 0.10 0.44 85.54 2.30 0.45 0.02 0.32 — 0.17 0.07 0.06 0.02 1.28 0.10 — 90.8 2.29
MQ3NS 0.10 0.14 86.25 2.34 0.39 0.03 0.21 — 0.13 0.06 0.22 0.0l 1.24 0.06 0.02 91.21 2.25
2 SIMS U-Pb LAMNH

Table 2 SIMS U-Pb isotopic data for pitchblendes from the Menggongjie granite-hosted uranium deposit northern Guangxi China and

corrected using LAMNH standard ( after Luo et al.

2017)

206 p}, /204 Pl Possion( %) 2" Ph /> Ph Possion( %) 2 U/*¥U Possion( %) 2"Ph/* U Possion( %) Ph/>¥U Possion( %)
MQ-+4 3.06E +01 4.14E+01 1.43E01 9.34E+00 7.55E-03 3.73E-01 1.85E01 8.52E+00 9.48E-05 3.26E +00
MQ-6 4.93E +01 4.14E+01 1.06E61 8.31E+00 7.57E03 3.74E-01 2.22E01 7.91E+00 1.58E-64 2.69E +00
MQ-8 6.00E +01 5.04E +01 1.10E01 8.05E+00 7.52E03 3.76E01 2.60EO1 7.66E+00 1.79E64 1.79E +00
MQ-9 2.57E +01 4.56E +01 1.27E01 1.03E+01 7.49E03 3.72E01 1.47E01 9.41E +00 8.86E-05 3.38E +00
LAMNHA 1.12E +05 3.54E +01 5.45E902 2.38E-01 7.62E-03 4.08E01 3.06E-01 4.68E-01 4.28E-01 6.39E-02
LAMNH=2 9.87E +04 2.50E +01 5.39E02 2.60E01 7.60E-03 4.19E01 2.81E00 4.86E-01 3.95E-01 6.97E-02
LAMNH-3 7.33E +04 2.18E+01 5.40E02 2.59E01 7.61E03 4.16E01 2.61E00 4.79E01 3.67E-01 7. 00E-02
LAMNH4  8.48E +04 1.86E +01 5.43E-02 2.64E01 7.57E-03 4.07E01 2.59E-00 4.95E-01 3.61E-01 7. 11E-02
Average 9.21E +04 5.42E-02 7. 60E-03 2.77E +00 3.38E-01
St. dev. 1. 67E +04 2. 68E-04 2.24E-05 2.22E01 3.06E-02
% Error( 1 o) 0.18 0. 00 0.00 0.08 0.08
FF( a) 1. 84E + 00 1. 01E-00 1.05E +00 6. 73E-01 6. 98E +00
6 U-Th-Pb ( Luo et al. 2015a)

Fig. 6 Two stages of pitchblende U-Th-Pb chemical age and weight age diagrams for the Shazijiang granite-hosted uranium deposit

northern Guangxi

( Luo et al.

2017,

5b) .

South China ( after Luo et al.

(2015)

2015a)

1 m)

( Bowles

1990; Luo et al.

2015a; 6) o
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3 U-Pb ( 1988)
Table 3 U-Pb isotope compositions of pitchblendes from the Chanziping uranium deposit northern Guangxi South China ( after Xu et
al. 1988)

(wt%) Pb (atom% )
06p}, /24Pl BBY/24PL by ( Ma)
U P]) 204 Pb 206 Pl’) 207 P]) 208 Pb
c4 70. 46 0.934 0.30 83.13 7.27 9.300 277.10 21628.73 76. 6
c2 60. 43 0. 663 0. 082 90. 64 6.262 3.120 1105. 00 95615. 89 72.8
c3 50. 72 1.107 1. 12 34. 86 18.91 45.110 31.13 3532.20 22.8
c4 41.10 0. 853 1.056 39. 66 17.36 42.860 37.56 3975. 62 30.6
cs 54. 64 1. 000 0.716 54.58 13.48 30. 670 76.23 6542. 80 56.5
c6 53.13 1.345 0. 81 54.54 14.11 30. 530 67.33 4204. 00 74.3
c4 54.12 0. 549 0.225 82. 18 8.19 9.410 365. 24 37684.97 59.0
c-8 53.20 0.790 0. 165 84. 62 7.5 7.710 512. 85 35351.28 89.6
4 U->b ( 2010)

Table 4 U-Pb isotope compositions of pitchblendes from the Shazijiang uranium deposit northern Guangxi South China ( after Shi ez
al. 2010)

(wt%) Pb (atom% )
206 Pb /2()4 Pb 238 U /2()4 Pb b ( Md)
u Ph **Ppb % ph *7pb %P
- 66. 20 0.7997 0.157 86. 88 6.727 6.235 553.38 45336. 58 75.6
12 60. 70 0.9314 0.118 88.799 6.408 4.675 752.53 47481.17 98.9
13 67.90 0. 9769 0.110 89. 490 6. 065 4.336 813.55 54320. 17 93.7
14 58. 80 0. 7479 0.174 86. 062 6.882 6.882 494. 61 38854. 05 78.5
15 66. 80 0.6104 0.048 92.799 5.277 1. 896 1932.90  195844.70 62.7
Ag329 72. 60 0. 6080 0.038 93.340 5.178 1.442 2456.32  270042. 89 57.9
Ag47 46.90 0. 6000 0. 140 89. 490 6.350 4.010 639. 21 47971.76 82.9
7 (a) (b) U-Pb ( 2010)

Fig. 7 U-Pb isochron age diagrams of pitchblende from the Chanziping ( a) and Shazijiang ( b) uranium deposit northern
Guangxi  South China ( after Shi et al. 2010)

74.1+9.9Ma(  7a) .
. (2010)
53.0 £6.4Ma( 4 N
7b) . .
(Luo et al. 2015b;  3) .
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5

Table 5

661

U-Pb

uranium belt South China ( after Tian et al. 2010)

(

Acta Petrologica Sinica

2010)

2019 35(2)

U-Pb isotope compositions of uranium ores from the No. 661 uranium deposit located in the Gan-Hang volcanic-hosted

U (wt%) Pb ( x1079) B8y /2% ph 208 p, /204 pl, 27pL, /%4 P}, 206 p}, /204 P},

661-54 0.33 106 3987.0 38.786 19. 199 90. 498
66155 0.03 53.4 429. 4 38.737 16. 021 28. 861
66156 0.36 156 2193.8 37.992 17. 400 57.135
66158 0.28 92.8 3814. 1 38. 643 18.951 87. 888
661-61 0. 44 114 6181.9 38.914 20. 893 127. 535
66162 0.10 63.0 1394. 2 38. 800 16.799 47. 466

8 Midnite (a Ludwig et al. 1981) 661 (b 2010)

U-Pb

Fig. 8 U-Pb isochron age diagrams of uranium ores from the Midnite mine Washington USA (a after Ludwig ez al. 1981) and

No. 661 uranium deposit located in the Gan-Hang volcanic-hosted uranium belt

( Ludwig et al. 1981;
1985;

Pb

1988;

1984;
2010; 5
;@
+

and Smith 2009) :

1.4

( Hills and Richards

South China (b after Tian et al.

2010)

1976; Zartman
U-Pb

o Zartman and Smith ( 2009)

(

6

9) .

U-Pb



6 Sunshine N

Table 6 U-Pb isotopic compositions of zircon brannerite pyrite from a jasperoid vein

Smith 2009)

U-Pb
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( Zartman and Smith 2009)
Sunshine Mine USA ( after Zartman and

( x107%)( wt% ) Pb (atom%) * Age( Ma)
( Mg) U Th Pb 204 Pb 206 Pb 207 Pb 208 Pb 206 Pb /238 U 207 Ph /235 U 207 Pb /206 Pb

Grain #2 2.5 164.9 171. 1 8.51 0. 6678 50.75 12. 41 36. 18 153 £2 167 =4 364 +7
Grain #4 2.8 202. 4 238.7 10. 33 0. 6243 50. 87 11.77 36. 74 155+2 168 +3 355 +5
Grain #5 1.8 189. 1 198. 5 9.82 0. 6786 49.94 12. 45 36. 94 150 +3 158 +4 281 +8
Grain #8 1.5 115.5 105.0 6. 87 0. 7507 49. 56 13.73 35.96 165+4 1945 55610
Grain #9 2.1 134.0 121.7 6. 64 0. 5945 54.98 11. 67 32.76 166 £2 186 %3 445 £ 6
Grain #10 4.3 310.6 323.4 8. 84 0. 1301 67. 82 5.25 26.8 139 +1 140 +2 170 +3
Grain #1 4500 10.83%  0.13% 1.14%  0.7428 57.2 14.79 27.26 348 £5 460 %9 1063 +9
Grain #2 85 14.58%  0.23%  0.61%  0.3542 76.3 9.97 13.37 2192 272+3 751 =4
Grain #3 5.2 23.75%  0.18%  0.60%  0.0718 90. 92 6.23 2.78 170 £2 194 £2 493 +3
Grain #4 5 19.76%  0.16%  0.50%  0.1811 85. 86 7.25 6.71 156 £2 169 +2 366 £4

228 552.2 1.1 197.2 1. 0006 44.79 17.73 36.48  726+12 870+18 125516

(28U =1.55125 x 10 "0yr 1 20U =9.8485 x 10 "0y ! B8y /BSU =137, 88; ¢ 1.2 0. 4pg b

( Ma) 95%;

9 Sunshine

N U Pb2" Ph/* Pb
( Zartman and Smith 2009)
Fig. 9 “*U/™Pb vs. *Pb/*Pb concordia diagram for U-
Pb zircon brannerite and pyrite data from uranium-bearing
jasperoid vein at the Sunshine mine Idaho USA ( after
Zartman and Smith 2009)

(D (2

204pp, 1 206pp 1 207p}, 1 28ph =1 1 16.20 :15.36 135 190 Pb

( 10) o
(2012) SmNd ( 7) 6722
( 11),
(1990) OAr-
¥ Ar 201 71.6
+1.6Ma SIMS U-Pb 73.3 +4.7Ma
( ) o Forster et al. (2012)
Re-Os U-Th-"*'Ph
Kénigshain
327 +1Ma  328.6 +1.9Ma
N Ar-Ar
Re-Os o
N Ar-Ar
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10 R (a~ce) . (b)
(d.f)
(‘a<b) i (e~d) i (ef)

Fig. 10 Hand specimen (a ¢ e) microscope (b) and BSE (d f) images showing calcite molybdenite and chlorite associated
with uranium minerals in various types of uranium minieralizaiton
(a b) uranium mineral vein associated with calcite vein in the granite-hosted uranium deposit; (¢ d) uraninite occurs with molybdenite in the

migmatization zone; (e f) pitchblende occurs within chlorite zone in altered granite

7 6722 Sm-Nd
( 2012)
Table 7 Sm-Nd isotopic compositions of calcites from the
No. 6722 granite-hosted uranium deposit  southern Jiangxi

Province South China ( after Chen et al. 2012)

( x1079)

Sm Nd 47 Sm /' Nd N/ Nd

CTB-38  1.1819 8.0920 0. 1354 0.512227 £ 16

CTB54  3.3103 7.0302 0. 2847 0.512337 £7

CTB-66  1.2752 4.8428 0.1592 0.512247 £5

CTB-67  3.4818 15. 3478 0. 1371 0.512230 +4

11 6722 Sm-Nd CTB-68  3.3093 12. 1162 0. 1652 0.512251 =9
( 2012) CTB69  18.694  55.9509 0.2020 0.512278 £ 19

Fig. 11 Sm-Nd isochron age of calcite from the No. 6722 CTBZ0 2. 0600 8.3770 0. 1487 0.512240 +6
uranium deposit  southern Jiangxi Province South China CTBI1  2.6416 12 1840 0. 1311 0.512024 +2

(after Chen et al. 2012)

1.5 U-bb

U-+b o
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Fig. 13 U-Pb concordia diagram of SIMS U-Pb uraninite ~125Ma  81Ma © Luo et al. (2015b)
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