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Abstract: In order to penetrate into discussion the “intersection type” uranium mineralization in the Changjiang uranium ore field,
South China. Here, it collected representative samples from geological structure that formed during the process of mafic dick
penetrating silicified surrounding rock and then carried out a study applying in-situ U-Pb dating and elementary analysis via LA-
ICP-MS system. Results show that the weighting average age of pitchblende in this region is 71.3£1.1 Ma. Besides, trace
elements are characterized by the enrichment of sulfophilic elements (such as W, Bi, and Mo) and by the depletion of high field
strength elements (like Nb, Ta, Zr, Hf, and Th). The signature of rare earth element (REE) curve shows low total amount with
negative Eu anomalies, slight enrichment in light REE, and indistinct fractionation between light and heavy REEs. The uranium
source of pitchblende probably relates to the Changjiang granite, as indicated by a REE pattern comparison between them. In

addition, the pitchblende was formed under low-temperature and low-middle salinity condition. This is validated through a
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combination of SREE— (U/Th) plot, SREE— (LREE/HREE) plot, and comparison against REE distribution pattern in vein-

type uranium deposits. Moreover, 0Ce value indicates reducing environment. In this region, the pitchblende was controlled by the

interplay among Nanxiong fault (during 80—60 Ma), uranium-rich Changjiang granite, and mafic dyke, therefore forming the

. » . . T . .
intersection type” uranium mineralization in the active region.

Key words: “intersection type” uranium mineralization; LA-ICP-MS in-situ analysis; U-Pb dating; elemental analysis; Shulouqiu

uranium deposit.
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Fig.1 Geological sketch map of Changjiang uranium ore field
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Table 1 Ore mineral types and mineral combinations in Shulouqiu area
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Fig.3 Photography of the ore from the Shulouqiu uranium deposit
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Table 2 U-Pb isotope compositions of uraninite in the Shulouqiu uranium deposites by LA-ICP-MS.
27ph /2Pl 1P /25U 5P /25U 27ph /2Pl 1P /25U 205ph /255U
NS
%> ) 1o Lo fE 1o Lo fE 1o R 1o iR 1o iR 1o
(Ma) (Ma) (Ma)
7ZGCI-5
01 0.049 6 0.004 6 0.081 2 0.007 7 0.011 2 0.0002  176.0  200.0  79.0 72 719 1.1
02 0.050 8 0.004 7 0.076 8 0.007 0 0.011 2 0.0002  232.0 157 75.0 65 720 1.0
03 0.052 0 0.004 2 0.078 6 0.006 4 0.0111 0.0002  287.0  180.5  77.0 6.0 711 0.9
04 0.048 3 0.003 4 0.072 0 0.005 2 0.0109 0.000 1 122.0  150.0  71.0 49 698 0.8
05 0.047 9 0.005 7 0.074 1 0.008 7 0.0113 0.0002  100.0  250.0  73.0 8.1 720 1.1
06 0.049 9 0.006 8 0.075 4 0.010 7 0.0111 0.0002  187.0 2925 740  10.0 710 1.2
07 0.046 6 0.008 0 0.069 9 0.0108 0.010 6 0.000 2 280  370.3  69.0 102 68.0 1.1
08 0.047 9 0.005 1 0.0715 0.007 7 0.010 9 0.0002  100.0  227.7  70.0 7.3 700 1.0
09 0.049 1 0.006 7 0.078 0 0.0105 0.0117 0.0002  150.0 2925  76.0 9.9 750 1.2
10 0.047 6 0.005 7 0.076 1 0.008 2 0.0111 0.000 2 80.0  259.2  74.0 7.7 710 1.1
11 0.050 0 0.003 7 0.078 7 0.005 7 0.0117 0.0002 1950 1740  77.0 54 750 1.0
12 0.046 9 0.005 0 0.078 0 0.008 7 0.0114 0.000 2 56.0 2240  76.0 8.1 728 1.4
13 0.047 6 0.008 1 0.077 2 0.012 6 0.0115 0.000 2 80.0  359.2  76.0 119  74.0 1.2
14 0.046 9 0.005 5 0.069 7 0.007 7 0.0108 0.000 2 430  259.2  68.0 7.3 69.2 1.1
15 0.047 7 0.005 9 0.073 6 0.009 0 0.010 9 0.000 1 83.0  270.3  72.0 8.5  69.8 0.8
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Table 3 Major and Trace element composition of pitchblende from the Shulouqiu ore deposit by LA-ICP-MS
b 7GCJ- 7GCJ- 7GCJ- 7GCJ- 7GCJ- 7GClJ- 7GCJ- 7GCJ- 7GCJ- 7GCJ-
:
5-16 5-17 5-18 5-19 5-20 5-21 5-22 5-23 5-24 5-25
Na,O 0.20 0.12 0.17 0.22 0.17 0.13 0.13 0.17 0.13 0.18
SiO, 2.75 1.35 1.43 1.91 1.28 1.89 1.76 2.26 1.75 2.15
FeO 0.19 0.06 0.08 0.17 0.06 0.18 0.19 0.24 0.18 0.29
UoO, 84.45 86.77 86.38 85.58 86.39 85.55 85.6 84.96 85.58 85.21
CaO 10.57 10.56 10.78 10.79 10.92 9.29 9.29 9.57 9.45 9.37
MgO 0.05 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.01
Al O, 0.26 0.15 0.15 0.18 0.13 0.16 0.15 0.19 0.16 0.18
P,O5 0.03 0.03 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04
K,O 0.03 — 0.01 0.02 0.01 - — 0.02 — 0.02
MnO 0.17 0.15 0.16 0.21 0.13 0.21 0.22 0.21 0.22 0.23
Total 98.70 99.20 99.21 99.12 99.15 97.47 97.40 97.67 97.50 97.69
Sr 168.57 118.12 131.05 170.84 114.66 118.58 117.78 150.35 118.29 160.03
Cs 8.66 1.59 2.97 3.5 1.62 2.04 1.89 4.76 1.93 4.49
Rb 5.32 0.86 1.78 2.64 1.22 0.93 0.77 2.81 0.84 2.61
Ba 27.38 18.17 19.34 26.46 16.70 16.07 16.19 21.23 16.37 23.75
Nb 0.02 0.02 0.02 0.03 0.03 - 0.01 0.01 0.01 0.01
Zr 0.02 0.06 0.04 0.02 0.03 0.06 0.06 0.04 0.05 0.05
Be 40.28 34.64 36.73 42.74 31.41 42.69 44.61 46.42 43.7 45.97
Sc 0.30 0.27 0.32 0.62 0.73 0.09 0.09 0.11 0.08 0.19
\Y% 64.89 60.70 61.43 68.83 54.26 229.76 259.79 221.37 242.89 226.63
Cr 4.92 6.67 3.06 2.99 4.50 3.50 2.14 3.83 2.00 10.85
w 1285.55 1089.78 1157.28 1547.82 1143.94  2591.28 2730.1 2583.02 2 657.55 2 658.69
Mo 79.62 81.34 79.25 71.85 71.24 148.77 142.96 146.14 141.94 139.87
Bi 197.22 276.44 277.19 476.65 848.35 423.10 442.13 386.17 475.45 494.55
Tl 0.83 0.15 0.19 0.55 0.21 0.11 0.14 0.34 0.12 0.30
Ag 0.61 0.37 0.27 0.77 0.48 0.03 0.04 0.08 0.03 0.21
Pb 8804.02 4854.02 4668.46 457495 4471.41 17416.70 17 748.97 15730.92 16 968.03 15 236.69
Th 0.001 3 0.000 4 — — — 0.000 5 — 0.000 5 - —
Zn 3.32 3.32 3.32 3.32 3.32 3.32 3.32 3.32 3.32 3.32
Cu 0.37 0.11 0.17 0.32 0.19 0.73 0.91 1.13 0.88 0.89
Co 0.04 0.04 0.04 0.02 0.05 0.09 0.10 0.09 0.12 0.11
Ni 0.08 0.08 0.03 0.05 0.07 — 0.09 0.03 — 0.06
La 23.86 18.74 19.99 30.74 28.43 42.00 53.10 37.44 48.34 49.86
Ce 19.07 19.05 20.67 49.57 68.50 22.27 29.06 21.58 27.55 32.32
Pr 2.15 1.91 2.15 5.54 6.90 2.15 2.88 2.23 2.72 3.63
Nd 8.60 8.42 9.25 23.1 29.3 8.37 11.65 8.71 10.64 14.28
Sm 2.37 2.65 2.61 6.95 9.84 1.90 2.63 1.84 2.46 3.14
Eu 0.41 0.46 0.50 1.29 1.71 0.36 0.48 0.33 0.43 0.64
Gd 2.98 3.48 3.49 7.84 10.6 5.30 7.16 4.54 6.54 6.56
Tb 0.56 0.71 0.69 1.66 2.26 0.82 1.14 0.71 1.01 1.10
Dy 4.01 4.97 4.96 11.40 15.90 6.10 8.65 5.41 7.66 8.24
Ho 0.90 1.08 1.11 2.46 3.34 1.51 2.20 1.33 2.03 2.06
Er 2.73 3.45 3.31 7.21 9.80 4.41 6.43 3.76 5.63 5.97
Tm 0.42 0.55 0.53 1.11 1.57 0.53 0.77 0.47 0.70 0.75
Yb 2.93 3.93 3.69 8.06 10.9 2.80 3.98 2.49 3.48 3.94
Lu 0.44 0.55 0.53 1.10 1.42 0.39 0.57 0.39 0.48 0.53
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&R3
B 7GCJ- 7GCJ- 7GCJ- 7GCJ- 7GCJ- 7GCJ- 7GCJ- 7GCJ- 7GCJ- 7GCJ-
5-16 5-17 5-18 5-19 5-20 5-21 5-22 5-23 5-24 5-25
SREE 71.42 69.94 73.46 157.97 200.46 98.92 130.69 91.24 119.68 133.00
LREE 56.45 51.23 55.17 117.15 144.65 77.05 99.79 72.13 92.13 103.86
HREE 14.79 18.71 18.29 40.82 55.81 21.87 30.90 19.11 27.54 29.14
(LREE/HREE)y 1.52 1.07 1.18 1.11 0.97 1.53 1.39 1.61 1.43 1.52
(La/Yb) « 5.84 3.42 3.88 2.74 1.87 10.77 9.57 10.80 9.96 9.08
(La/Sm) 6.49 4.56 4.94 2.86 1.87 14.29 13.04 13.16 12.71 10.25
(Gd/YDb) x 0.84 0.73 0.78 0.81 0.80 1.57 1.49 1.51 1.55 1.38
0Eu 0.47 0.47 0.51 0.53 0.51 0.33 0.32 0.33 0.31 0.42
0Ce 0.51 0.63 0.63 0.86 1.16 0.36 0.37 0.39 0.39 0.42

T — " RRJCER A AR T A AG I FR

#H 2% (| 5a~5d .5g) , i MgO .CaO H1 P,O, 5 UO, &
HIY 4 (%) AF 62 (8] 5e (51.5h).
33 hEHTVHRETERS

XF A5 B BT K i Al 10 A IR R AT
LA-ICP-MS fii it JTC 2 4 A 485 4 WL 3% 3. I 5 o 1k
HOCEFFIEW N &4 W . Bi.Y.V.Sr Mo %L &,
PLEM TR S EimE, W& EN1089.78X10 ~
2 730.10X10 *("F¥{A N 1 944.50X 10 °) ,Bi & =
1 197.22X 10 5~848.35X 10 *(F- 4 {f K 429.73 X
10°9),Y &K 53.83X 10 °~207.02X 10 *(F- 41
5 120.89X10°°) , V &% & K 64.89 X 10 °~259.79 X
10 P21 g 149.06 X 10 %), Sr & & h 114.66 X
107°~170.84 X 10" ° (*F ¥ {4 2 136.83X 10" ") , Mo
R R 71.24X10 °~148.77X10°° ( % H H
110.30X10°°) , Ba & #& & 16.07X 10 °~27.38X
10 348 R 20.17X10°°) | Li & 8 A8 b 35 ok,
9 0.36X 10 °~25.64 X 10 (- {H K 4.74X107°) |
Rb &4 0.77X 10 °~5.32X 10 SCEHI{E K 1.98 X
10°°) . Cr & K 2.00X 10 °~10.85X 10 °(F ¥ {4
H 445X 10 )4 B 7 i Nb . Ta . Zr Hf . Th% &
Yot & (HFSE) , Horp Ta Hf . Th & &/ F 0.01 X
10 % Nb Zr & 8/N T 0.1X10 °. YA LS UH I E
B L H LW . Bi. Mo Mt X e E N+ .
34 HEHTHMBELTEAS

ot o B R W A 10 A I AT
LA-ICP-MS #i + JC 2 40 7 25 2 WL 2 3.4 Ak 104
WU S50 s - o0 228 2847 BRORE B A bR AL, T LR
AR B s R B SR BRI R T R M
AR A Eufi 2% (0Eu=0.31~0.53). i &
MR TR B AL, S REE 5 69.94 X 10 *~
200.46>10 %, (La/Yb) K 1.87~10.80, (La/Sm) y

4 1.87~14.29, (Gd/Yb) x N 0.80~1.57. %% & i +
ARIFAHE  (LREE/HREE ) & 0.97~1.61.

4 i

4.1 HEWMHF FEALLA-ICP-MS U-Pb £ #

A 2 R N T T AT DAL B X i D Ak
AR R, Z RE TS AR %0
AT 2T i 32 0 7 Al AT 0 2 R A3 R AE R AR
5 o 0 ) B (BRAG 4655, 2019 )R 5 45,
2020). P A E E AR @ E R R AR
o P A B A S TR I K A A AT 0 R
BBk AR, B U R Pb % 2K 517 Ca, Si %5 2%
5 B S - oC 2 AW S A, AT S B0 2 T 4R
12 B 4k 2 4R I (Suzuki and Kato, 2008) . A % # #£ #F
17 SIMS 43 B il & 91 B BAF 3% B LR 3], CaO
Si0, . Na,0 Fl K,O %5 50 & 28 % % J 1 KAk B 1
FHECE , X S5 5 i I TR & /DT 3% B, 10
B 4l A 40 1) U-Pb &b T 5 P IR R FE R 2 3 B
B J5 39 2k & A FH (Cuney, 2010). 40t & S, #5710
Ca U 15 7R 4 i A3 4% B9 U-Pb & 5 09 3 00 4 2 8
WK A FHF R &, H EE R B R Ca SiAYEE AL
KU .PbiyEK .

HL SR, 38 o X6 V0 7 VT Al PR vk AR R A Tk AR )
TR L A AT AR, A ok AR i AR 64 105 7 Al T
HA K @1 CaO, i) fig & 8 U 75 #h AT 2 it Caf
Sy 2% HEAHT W A T S10, 7 1 AR Ak n AR S )
W5 Ah i AR 5 R R AR v (ARG 2645, 2019) . itk
TR W T h CaO 5 UO, A LK ik B F
HR S T I 8 A DG (181 50 AR % I Cadtly Sk 1)
F 5, Si0, K0 Fl Na,O F ¥ & # 2Z2 fl<<3%, M
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Fig.5 The correlation diagram of pitchblende major elements and UO, of Shulouqiu uranium ore

2.03% , I FER N ZSE SR U, SIO, & it ) Si0, ., TiO, ( <<0.49% , ¥ ¥ {4 4 0.10%) . MnO
1.28%6~2.75% , P sh i H B/ ARV o™ 1 (K (CFX{H K 0.49%) . PbO (¥ {H 4 0.92%) . ThO,
HEW IR FRAETTH IR LB B0 IR W & 80 i 745 (25 I 43 AR T4 T R ) (A 2245, 2019b) . SR ok
HALS Wk E 3N IR E R £ R Uk, 3AHT R I B F A E T R 5 UO, 56
BCAH L, 22 R S & A U0, CaO, AR & & PEAS I & (&l 6a~6h) , H K HE CP1601 . A% 48 T
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MHK1504 £ i Na,0 5 UO, 5 — & il f A 5 1, 3
K HE CP1603 £ i Na,O 5 UO, 2 — & 1Y 1E A ¢
(K 6a); BHE - SLQ1602 K HE CP1603 K & S10, 5
U0, & — & [ A P (K 6b) 5 458 B SLQ1602
FE i ALO, 5 UO, 2 — 7 /9 TR P (& 6¢) , 1T 34
PR AR 5L B CaO 5 UO, ¥ T A & A 40 5 v (& 6g).
AR E M LA-ICP-MS = 8 0 % i 17
PO AN (DTN S AN R I U/ R R e o

P R Bl b 2 B A8 Ak AR BLAE Si
ALY U B e A0 S ik, 5 32 2200 il oy A8
b ST AR U0 Si & & % sl i 5/ . 5 B[R
PRk B RE BT K B T AT LA-ICP-MS U-Pb 4F
# S 71.441.3 Ma Ml 74.4£1.7 Ma ( B 18 % 4% |
2019b). Hidr,71.441.3 MaiZ W14 % 5 A 3Cl &2 1
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Fig.6  The correlation diagram of pitchblende major elements and UO, of Changjiang uranium ore field by EPMA
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R AT B R Bl S AR, 28 DN AR SORE L R
Z 3k B S W e VR A B i B R A R
AEY (71.3£1.1 Ma) AT DL RACER Btk 07 IR 1Y
“AZ I Rl T A
4.2 HEMYTERMIEE B EMKT IRE

B AR W e R &8, U/Th ke
(B2 0 500 A 0 P 445 R B ) TR B AR AR, X U/ Th<<
100 B, N RS2 78 5 AR H m iR A 5 P B B, U/ Th
FEAE <<1 000 B, tA A iZ 4 i 0 445 it ol 3L 8 4 v ( T>
450450 °C), 24 U/Th e fH =1 000 B, A A 5l 5 4
48 5 IR R B (T<C350 °C) (Frimmel ez al.,2014;
B AE,2020) . [AEE, & BT Al T B T R RS
T 3 AR A B I BHURR 4 ol T R R Y B T T A
Ft & (Eglinger ez al.,2013) . Wit fA 5 & 5405 AL
A3 REAE — 350, SR TR 1 B AR R (R AG 26 4
2019) , £ [A] — 855 T 0] LA 38 . A B8 14
FHhw b+ ot £ SREE B & (69.94X10 °*~
200.46 10 °) il Th £ 5 (0.000 5% ~0.001 3% ) #
it , (LREE/HREE )} 0.97~1.61(“F-#4 14 Jy 1.33).
MG DL B Re i B Tah ] LUE B0 gl R
B T Bl A R A R U e TR AR A Y
FEL P, 3k 26 B 0 7 Bl i A IR AR IR L ZE 18 7 v
AT B3 s 5 AE T e R B A P IR R B O A DX )
T A B G 0 SR R 2, B T AR T R A R
WA ER LA R ((LREE/HREE) « A
0.97~1.61, F ¥4 1.33) , & £ & 2 B AL (69.94 X
107°~200.46 X 107°) , N1l S B TC 1L V5 A B A X5
A KW a0 R e RS
AN TR] 2 Y i DR s = o6 2 C o0 85 X A7 X6 L (TR
8a) , AT LA H H 5 BCR 78 il a0 o L R B e
Jok PR 780 Al A PR LA A L P A R 9 R AIE (Mercadier
etal. 2011 ; BRAfi 4545 ,2019).

0Ce 51 J2& X 1] S Ak i J5 3 55 19 48 7R Ar A&
(Brugger et al.,2006).Ce HAEMHIL R , BRI T,
LA Ce” B 5 H A 340 + 00 | A7 AE HOR Ak
T IE R AR IR R R R Ce' , Ce " A e M
5N G B HGRGE RS SRR AL A NP T s I
Ce'"ANEE G 1 B8 A2 A o A2 o RGO e I
WL RE Ce IE S H (0Ce>1) (# H &
8, 2010) . AR W 43 B 2 B W 19 0Ce Y L R
0.36~1.16 , X — A~ S W H K F 1, F ¥ {EH 0.57
(<<1), Ui B P B F 34 S5 R 355

S /T N R - ok A7 NI/ R 1 s el (10933

) Jok R AR AR T 8D ) b B AT A B A AR AT, BIAER 3
ISR B R, ELJE 38 5™ A 5%
43 HIXEWNHBTHTERNBR

P R R ge Tt BORER I, S (i )
1) 5 o0 22 2 BRI R 1) PR 28 Y
(Mercadier et al.,2011;Frimmel et al., 2014 ; B4f 26
85,2019). T % B R 5 Bl A9 BT R 4
AL AR ER BN, B MEE,
HA B MR Eu st q 8o 5 B iR K7
R BT A R A Bk R £ oo R At (R
#,2010) 347 %F e (& 8a~8d) , 1T LU H Hif 46
B C o AR 5 R VA R I e o A U H A AR 4
8 68 7 M TN B 5 3 WY, A B A O T R il
W] B 5 (Chen ez al.,2012) W AEAE AL B4 5 T Y
[ 22 ol O 45 5y AT A 0 fhis A (R AR DUR AL R R
1998) , i 4 pg He 4 25 ik v i) il 2 S AR HLAS O AR
JE (CEA A, 1991).

() B, B AR R AF 9 B A5 8 sl R 5 A B
/) 2 8 B 4l B IR (Mercadier ez al., 2011) #E47 % 1,
45 0 W on 5 BGRB8 gl T R 1 5T 2 R 43458 2 DL i
JE S5 o (&L 8a) . fh b Ul B, 5 4% B il IR N 3% 5
AMIG R PG R B 1 JCHR 28 il 0 5L A A B R AE , B
HOH 4 o0 R 40458 2 3 222 R KRR 0 3R I 4 B
%A, 50 XA AL A BB KT
A B TR AR BE JES AR R A HLA EE h
(# E R AF,2010) . DA, DAl & 5 A - d 4345 =X
X R R A, A5 Rk AT R A o0 R B o X
F2 B2 KT A AR, 32 R XN R KT A
44 JKIIHMT AZRBHMRTEREHER

“RE S W) Z BT R R R
M i 5 B al PR 28 T X T b 2 A
e, H AR T A A RS B B R A
PEZ 5 R 2Z 8] 0 AR R R AT IR A LRG3
Wang et al.(2015) F| 85 41 U-Pb & 4 . 4 4 M Bk {k
2R Sr-Nd R 2 AR b DX ) 6 1 2 Bk 2R AT
ST RS T AT O I WNW ] #2825 ik 79
SRSy 9 19841 Ma,193+4 Ma, 5 F 4l il s
AE1% (85~135 Ma) fE7E BRI 22, JF N NNE [u) 45
BE 7 KB B R T iy A SF- 7 Al B 1] 7Y 4 w0
AR Y B, K 2 ik RO 4 2 ik U 52 B 32 5 1 )
LB B4 il AE 255 43 T R 1l D8 A TR R
WNW [i] % 4 45 Tk NNE [6] 48 B 5 Tk 5 4 1 351
Bl BB 22 18] A A LB R DA R R A e Ak i
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e rp TS A 1 S A T fE R B it — A R A B
P PRI A R AR R T U R DL TE . X 28 R AR AR
£ A HE 5 NNE [i] W 28 52 5t b AR G Y K2 B kAT
K, M 5 W23 5 AT 56 9% 45 (2019b) £E T 5
TR H RS IR Ac-Ar 4288 5 50 iU ¢ £ /Y BE Ak
L SR AT U AT I 2 LA R S K -k
PR I 25 5% 2R A9F 50 B9 A BT R 4 LR LA (DR
R kS AT AR O AR 0 T T R A e ik

F8 A % S BT SR 2 T O B T A B A R B
LA K AT 1 4 AT SO0 RN Tl BB AR I I, BE R
ok nT Ay b A 4 AR A e PR AR 3R] CO, AR AR 11 2
37 P I D00 6 4 5 T 24 R R o Tk AR e T B T
AT AR IS DU R AT i 3t o A i e e R TR =
5l AR O B B 31 Bl 0 OE B AR B9 A5 R (2)
=B A e o ik S UD HE fk B, JC I8 R TR AT AE IR
B B I 22, B e ik 25 O Ji 303k DT BR T 4 A3t
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i B, AT AR 2 il 0 )i 4 . DRt 6 3 B 1 2 ik
15 5L AF W 1 K5 o T S 5 Bl AR 1 4 ik OC 2R X
FiHg RS K S Ey EHNBR RSN E
BEOR VLA R S K AR 8 © A Rl 24l A
T b DXORE S Bk 1 AR % O 145~90 Ma (2% ik 48
85 ,1997) 5 il W 24707 o 38 I A R 4 Ik Ar-Ar 4F
1% 110.6 2.0 Ma, 2y € L1 M 30 5 5 0% 20 7= ) (O
NG, 2013) BB 0 B e VD IR RNZL S BT b
DX R I B e A Bk Ar-Ar 4R I8 2 B ~110
Ma,~113 Ma,~120 Ma #l ~115 Ma ( Jg HE JX , &
KL E R4, 2015, T MR SR SRR YR
PEM AR 58 BSR4 4% Tl A 50 5 0F 58
b m, FRGERE) s B K B Al PR A M K N K LA-
ICP-MS #5 1 U-Pb 4E#% 24 150 Ma, $& /= ¥ i T
W Ak T (R 2245, 2019a) , T 45 B o gh A0 40 45 %
£ 75~70 Ma. I A DL Y, Wt B K A s
BF 22 1] BB 26 B 5 A% o i IR S 1k 2 K 14 A R T
2Bl R B RD A0 ST IR AR YR A
FETERBE 5 ik 5 REAL iR 2L 5 S DI IR, R R BT,
AR SR X KR B K G ARG B A AF L B2 AT
TS, FATIN R Z AR A Wk 2 /0 0 3% 7T DL A I 4l
UUTE $2 (L AR 37 P

Wi o DA sk DX 55 3 AT R R 9 A T e R
VAR R HRE T8R4 RE B LT AR IR, X T AR
A6 4 il IR I B i AR R B R R A T
B DTEURT R R I 6 Al s A R b DX AR
W 2 R Z B RA T HIEMWAIAR . R
P DR AR R X 2 T 6 A A B R AE R
43 W) K 145~135 Ma . 125~115 Ma , 110~100 Ma,
95~85 Ma, 75~70 Ma Hl 55~45 Ma (Luo et al.,
2017). 3 ) Hi DX A BT AR I A TP TE 6 AN I, 43 il
A ~120 Ma,~100 Ma,~90 Ma,~70 Ma,~60 Ma
Fl~50 Ma, 5 911 2 301k A [E] 20 vk (B A 242 55
2019b). 0] A& H 3T b DX i 5 o A0 Tl A R A
FHEAHEYIN R, RN C R WSS TiFL%
HH—FOAT LA RKITAT HE A WS Ay e
SR E L H8 R KL 0 A7 7£ ~60 Ma ,~70 Ma
Fl~75 Ma = ] oo =5 08 8 T e (1
i RS el K R A R A
2019b) . AW A5 A4S 1546 e 75 Bl By L 4F 1
5 E AR B T R W AR R R s Ak
Fe Bl PR Y B 4R 0% 5 48w A8 i 5 AL 9 B
WA, R 2 i AE R X I AR T L (75~

70 Ma) & A Pl e A ) R b ) 3 5 5%

EHE L IX H P A AR LAk, NW -SE [ fili
16 2V L FR 5 NE [n] U8 K W7 2405 2 LA 95 Ma 78 47
NE [ 7 M W7 B 2 b 0 T2 B, 18 Bl 4 7 il 0 K 3%
2 h bR s R4, 2020) . 10 g MEWT 2458 S5 215 T hir
ik — B R — $7 5k 19 22 i€ [0 A4 o 3k, Hp L 80~
60 Ma i [a] i 5K 3% o)) e o B0, b &30 T8 1L
R YR G VG ) AL AR e B 2 ST X
T 2L B T B, B 8 — R 51 NE i) b 55 xC W B 7
HET S8 T A B b (Zhang ez al., 2018 ;4 4R 7
85 ,2019b) . BE T DS Bk 5 K Sl BT AR I A 8
KB 22 07463 CO, B2k A X b B 25 53 5
(AT REPE /N I T M DX e R COL SR A I AR
AV AT IR sl A 23 (8] 3 A7 B 52 452 T NE (0] Wy f 7
FIKF 24317 (Zhang et al.,2018) . AL T4l 7 FH B 4 i)
] I T M X RV TR (14 53 1) 5 R B, 54
F CO, S He 1 T 38 38 i X 3k [ NE [ W7 2447 80~
60 Ma (1) 5 ZU L 7k 1 20 38 1k (B 4 2245, 2019b). R
F X8R NE [a] W 2447 B2k 16 sh 5 1 A A B b
g, L COL M5 LT NE [ B 2445 E T, 5 5e i)
T A R DL B SR T BRI R R K (R
WK ) 25 5 T8 B o 2 BUIE v AR B8 1 I A A A, O
B P RN R (N SR N TR )
U9l A0 A U, Al e 298 32 B SR 100 T B 3t
7 IF LU EE 2% 85 T UOL(COy). R IT# (1 4
He55,2010) . LA AR TE TR I BEAR R R b fE 4
I FE PRk (KA R R A B, AnRE A A TN A RN
R RESE) 5 RE LR 2 A 1Y 58 VDB AL B, LA TR S
ik R A AR 2 5l R A S 300 40 0 TE Y
P AR A i S 4 R BT, 1A RS S A BT VR
Pt B A8 AR BT IR B R AE R SR T, SR e
Bl A B A R E a4 B A I ok AR M KO E
— 25 4 /N B R DX L) O B (3% 4 A5, 2019b).
O, 32 Rk m & TR  fE B R K 25
ANV Al R S AR U E KL R HL Y
Ak G U8 A Ak AR BT Ak A 9 U0 A OC Y iy AR R M
Jik, R ) R KR B K B 2 R F i — A KL
FH & 30 38 R il A A5 .

ZE LTIk AN PR e K38 AR il
Al 07 % T A2 T I T 2R AE 80~60 Ma Y] [1] fr) 3 51 17
ik 3% Bl (s i O &2 3% X3 A 6 7R 1) T A, AR S
B b B 2251 ) LR Bl VA AR B SR A Bk =
B R L R R ] AR S DD A AR



% 6 1 S 25 - 8 AL 45 B 0 DR 5 B0 B0 U P 47 0 176 2045 B HL R 5 X 2185
5 élil 5 Chemistry and Chronology Analyses of the Pitchblende

(1)< 33l 33k LA-ICP-MS J5 o7 8k IX 4 AR 4k 15
B U-PhbAEW A 71.3£1.1 Ma, #5785 Fo Bk 58 L A0
Ol R AFEAE~T70 Ma i — WS 3 .

() B RS METEEEW,
Bi.Mo% M LK ; i Nb. Ta. Zr Hf Th% &
BOTE M iR BRI, RER LS FAHE,

BENITE S I 2 i o e SO DI = S £

S
I .

(3) SREE— (U/Th) #l f# . SREE— (LREE/
HREE ) &l fiff B Fo A 4 e 43182 5K 5 Bk B gh i IR Af +
IV N L0 B WU R S Ol 1= NS N VA 2 3 - A R
£ B R R A T K 5 9C e fH 5 /R W7 T B T ER
Be bR B A S LGl L S T LA A K R
BE 355 X B 48 78 U™ ) BT 2 O R N 12 IR
Bl KT A A

(4) 1588 Fe i IR 2 A F A6 2R 1] A A6 Bt Dy 28 1 L
JEL T 24K B 1% T B A PN, R A2 DX L i A T
80~60 Ma 1 ] 4 58 Z1 P15k 16 3h 7= Al 1T A8 5 7+
R o = s i o [ ol T )
R (R Bl AR B ORI T AR, F-4k )
SN RIS AN ERER = X A SILP SR Ik TR 2
%% V) RH DG 1Y ok AR 5 P A K AR I O IS B A K R 2
AR F ik — A KT BN & B3 R Eh b
==

[= PN

References

Brugger, J., Etschmann, B., Chu, Y.S., et al., 2006. The Oxi-
dation State of Europium in Hydrothermal Scheelite: In
Situ Measurement by Xanes Spectroscopy. The Canadi-
an Mineralogist, 44(5): 1079—1087. https://doi. org/
10.2113/gscanmin.44.5.1079

Cao, H.J., Huang, G.L., Xu, L.L., et al., 2013. The Ar-Ar
Age and Geochemical Characteristics of Diabase Dykes
of the Youdong Fault Zone in South of Zhuguang Gran-
ite Pluton. Acta Geologica Sinica, 87(7): 957—966(in
Chinese with English abstract).

Chen, Y.W.,Bi, X.W.,Hu, R.Z., et al., 2012. Element Geo-
chemistry, Mineralogy, Geochronology and Zircon Hf
Isotope of the Luxi and Xiazhuang Granites in
Guangdong Province, China: Implications for U Mineral-
ization. Lithos, 150:119—134.https://doi.org/10.1016/j.
lithos.2012.06.025

Chen,Y.W.,Hu,R.Z.,Luo,J.C., et al., 2019.In-Situ Mineral

in the Shazijiang Uranium Deposit and Their Implica-
tions for Mineralization. Acta Petrologica Sinica, 35(9):
2679—2694(in Chinese with English abstract).

Cheng, H.H., Du, L. T., 1998. Study on Heavy Minerals of
Some Uranium Deposits. Uranium Geology, 14(1): 26—
31(in Chinese with English abstract).

Cuney,M.,2009.The Extreme Diversity of Uranium Deposits.
Mineralium Deposita, 44(1): 3—9. https://doi. org/
10.1007/s00126-008-0223-1

Cuney, M., 2010.Evolution of Uranium Fractionation Process-
es through Time:Driving the Secular Variation of Urani-
um Deposit Types.Economic Geology, 105(3):553—569.
https://doi.org/10.2113/gsecongeo.105.3.553

Eglinger, A., André-Mayer, A.S., Vanderhaeghe, O., et al.,
2013. Geochemical Signatures of Uranium Oxides in the
Lufilian Belt: From Unconformity - Related to Syn -
Metamorphic Uranium Deposits during the Pan-African
Orogenic Cycle. Ore Geology Reviews, 54: 197—213.
https://doi.org/10.1016/j.oregeorev.2013.04.003

Feng,Z.J.,Lai,Z.X.,Mo,J.H.,et al., 2016.A Study of Metal-
logenic Mechanism of “Intersection” Type Uranium De-
posit and Exploration Thinking of Xiazhuang Orefield.
Mineral Deposits, 35(5): 1047—1061(in Chinese with
English abstract).

Frimmel, H.E., Schedel, S., Britz, H., 2014. Uraninite Chem~
istry as Forensic Tool for Provenance Analysis. Applied
Geochemistry, 48: 104—121. https://doi. org/10.1016/j.
apgeochem.2014.07.013

Guo, C.Y., Qin, M.K., Xu, H., et al., 2020. Age of Zhangjia
Uranium Deposit in the Miaoershan Ore Field, Guangxi
Autonomous Region, China: In Situ Micro - Determina-
tion on Pitchblende. Earth Science, 45(1):72—89(in Chi-
nese with English abstract). https://doi. org/10.3799/
dqkx.2018.227

Huang, G. L., Cao, H.J., Ling, H. F., et al., 2012. Zircon
SHRIMP U-Pb Age, Geochemistry and Genesis of the
Youdong Granite in Northern Guangdong.Acta Geologi-
ca Sinica, 86(4): 577—586(in Chinese with English ab-
stract).

Huang, G.L., Liu, X.Y.,Sun, L.Q., et al., 2014.Zircon U-Pb
Dating, Geochemical Characteristic and Genesis of the
Changjiang Granite in Northern Guangdong. Acta Geo-
logica Sinica, 88(5): 836—849(in Chinese with English
abstract).

Huang,G.L.,Wu,L.Q.,Deng,P., et al., 2006.Prospecting Po-
tential and Direction for Granite Uranium Deposit in

North Guangdong, China. Uranium Geology, 22(5):



2186 HiBR B 27

http://www.earth-science.net

46 %

267—275(in Chinese with English abstract).

Huang, G.L., Yin, Z.P., Ling, H.F., et al., 2010. Formation
Age, Geochemical Characteristics and Genesis of Pitch-
blende from No. 302 Uranium Deposit in Northern
Guangdong. Mineral Deposits, 29(2): 352—360(in Chi-
nese with English abstract).

Lai,J.,Q1,J.M., Chen,J.J. et al., 2020.Uranium Microminer-
alogy and Geochronology of the Jiangtou Uranium Ore
Field in the Qingzhangshan Granite Pluton, North
Guangdong:Constraints on the Genetic Relationship with
Metallogenic Dynamic Background.Acta Geologica Sini-
ca,94(4):1128—1142(in Chinese with English abstract).

Li, X.H., Hu, R.Z., Rao, B., 1997. Geochronology and Geo-
chemistry of Cretaceous Mafic Dikes from Northern
Guangdong, SE China.Geochimica, 26(2):14—31(in Chi~
nese with English abstract).

Liu, R.Z., 2003.Several Questions Discussion of Intersection-
Type Uranium Deposit. Uranium Geology of South Chi-
na,20(1):41—48(in Chinese with English abstract).

Liu,Y.S.,Hu,Z.C., Gao, S., et al., 2008.In Situ Analysis of
Major and Trace Elements of Anhydrous Minerals by
LA -ICP-MS without Applying an Internal Standard.
Chemical Geology, 257(1—2): 34— 43. https://doi. org/
10.1016/j.chemgeo.2008.08.004

Ludwig, K.R., 2003. User’ s Manual for Isoplot 3.00: A Geo-
chronological Toolkit for Microsoft Excel. Berkeley Geo-
chronology Center ,4:72.

Luo,J.C., Hu, R.Z., Fayek, M., et al., 2017. Newly Discov-
ered Uranium Mineralization at ~2.0 Ma in the Meng-
gongjie Granite-Hosted Uranium Deposit, South China.
Jowrnal of Asian Earth Sciences, 137:241— 249.https://
doi.org/10.1016/j.jseaes.2017.01.021

Luo,J.C.,Qi,Y.Q., Wang, L.X., et al., 2019b. Ar-Ar Dating
of Mafic Dykes from the Xiazhuang Uranium Ore Field
in Northern Guangdong, South China: A Reevaluation of
the Role of Mafic Dyke in Uranium Mineralization. Acta
Petrologica Sinica, 35(9): 2660—2678(in Chinese with
English abstract).

Luo, J.C., Shi, S.H., Chen, Y. W., et al., 2019a. Review on
Dating of Uranium Mineralization.Acta Petrologica Sini-
ca,35(2):589—605(in Chinese with English abstract).

Mercadier, J., Cuney, M., Lach, P., et al., 2011.Origin of Ura-
nium Deposits Revealed by Their Rare Earth Element
Signature. Terra Nova, 23(4): 264—269.https://doi.org/
10.1111/;.1365-3121.2011.01008.x

Shi,S.H.,Hu,R.Z., Wen,H.J., et al., 2010.Geochronology of
the Shazijiang Uranium Ore Deposit, Northern Guangxi,
China: U-Pb Ages of Pitchblende and Their Geological

Significance. Acta Geologica Sinica, 84(8): 1175—1182
(in Chinese with English abstract).

Sun, S.S., McDonough, W.F., 1989. Chemical and Isotopic
Systematics of Oceanic Basalts: Implications for Mantle
Composition and Processes. Geological Society, London,
Special Publications, 42(1): 313— 345. https://doi. org/
10.1144/gsl.sp.1989.042.01.19

Suzuki, K., Kato, T.,2008.CHIME Dating of Monazite, Xeno-
time, Zircon and Polycrase: Protocol Pitfalls, and Chemi-
cal Criterion of Possibly Discordant Age Data. Gondwa-
na Research,14(4):569—586.https://doi.org/10.1016/j.
gr.2008.01.005

Wang, L..X., Ma, C.Q., Lai, Z.X., et al., 2015. Early Jurassic
Mafic Dykes from the Xiazhuang Ore District (South
China):Implications for Tectonic Evolution and Uranium
Metallogenesis. Lithos, 239: 71—385. https://doi. org/
10.1016/j.1ithos.2015.10.008

Wang, X.C., Zhang, B.T., Zhang, Z.H., 1991. A Study of the
Relationship between the Dark Dyke and the Uranium
Mineralization. Mineral Deposits, 10(4): 359 — 370(in Chi-
nese with English abstract).

Wu, Y., Qin, M. K., Guo, D.F., et al., 2020. Metallogenic
Chronology of the Pitchblende of 1101 Uranium Ore Ar-
ea in Mouding, Middle-South Part of the Kangdian Axis
and Its Geological Significance. Earth Science, 45(2):
419—433(in Chinese with English abstract). https://doi.
org/10.3799/dqkx.2019.058

Xu, W.X.,Fu,S.C.,Xu,Y.,etal.,2017.Analysis of Prospect-
ing Potential in the Depth of Shulouqiu Uranium Deposit
in Southern Zhuguangshan Pluton.Mineral Exploration,
8(5):782—788(in Chinese with English abstract).

Zhang,L..,Chen,Z.Y.,Li,X.F. et al.,2018.Zircon U-Pb Geo-
chronology and Geochemistry of Granites in the Zhu-
guangshan Complex, South China:Implications for Urani-
um Mineralization. Lizhos, 308— 309:19— 33.https://doi.
org/10.1016/].1ithos.2018.02.029

Zhang, S.G., 2019. Geological Characteristics, Deposit Gene-
sis and Prospecting Potential of Shulouqiu Uranium De-
posit. Uranium Mining and Metallurgy, 38(2):157—164
(in Chinese with English abstract).

Zhong, F.J., Pan,J. Y., Wu, J.H., et al., 2019a. Petrogenesis
and Its Relationship with Uranium Mineralization of Gab-
bro-Diorite in Changjiang Uranium Ore-Field, Northern
Guangdong Province, China.Earth Science,44(9):3042—
3059(in Chinese with English abstract). https://doi. org/
10.3799/dqkx.2017.592

Zhong,F.J., Yan,J., Xia, F., et al., 2019b.In-Situ U-Pb Iso-

tope Geochronology of Uraninite for Changjiang Granite-



% 6 M

KSR AR A - B L A5 18 Ee ™ PR 7 ST SR U-Pb AR I 1 0 3 I S Fe ot 5 2 2187

Type Uranium Ore Field in Northern Guangdong, China:
Implications for Uranium Mineralization. Acta Petrologi-
ca Sinica, 35(9):2727—2744(in Chinese with English ab-
stract).

Zhu, B., 2010. The Study of Mantle Liquid and Uranium
Metallogenesis—Take Uranium Ore Field of South Zhu-
guang Mountain as an Example (Dissertation). Chengdu
University of Technology, Chengdu(in Chinese with
English abstract).

Zong,K.Q.,Chen,J.Y.,Hu, Z.C., et al., 2015.In-Situ U-Pb
Dating of Uraninite by Fs-LA-ICP-MS. Science in
China: Earth Sciences,45(9):1304— 1319(in Chinese).

Bt A 32 5 & STk

WIS, B E R VRN L 25, 2013, 1% ) 46 B e R g T S
ZUHS HE LR A K Ar-Ar 4 % T FE M BR Ak 22 FFAE . 5 2
%, 87(7):957—966.

WA 26, 5 B 50, 9% 4, 45, 2019, AL v T T Al AT PR 1 7 Al
W SR AR X AR AR 2 0 08 28 43 A ot Al L™ FH 19 Jig s
AR, 35(9):2679—2694.

FRAEDL, KL AR K, 1998, JUAN Al PRI 32 AR vh S b w7 4 A%
AR AFSE A b T, 14(1):26— 31.

AR R BT, 4, 2016, F RS H RS S R Al T R
BT ML ER B 5 T B A B R L K b T, 35(5):
1047—1061.

FER W TE, R, 2020 7 P L ILAIET T 3K S Al
PR AR 90 7 Al 0 A XD T . R R, 45(1):
72—89.

e, EEE A, vt K, %, 2012, AL IR 4 & SHRIMP
B A U-Pb AR | b 2R fb 5 R AE K I B PRI ARF 52 . 3t o
%, 86(4):557—586.

WE g, X # i, PN R, 4, 2014, B KT A R R 85 G U-
Pb B 4F M Bk Ak 55 AE B H B RV 5T b JT 4 417, 88(5)
836—849.

S B, X, 45 2006. B AL AE B A LAl G o )
K AR T ] Al b T, 22(5):267—275.

B E g, TR, KL 55 2010, AL L IX 302 B K I Al

W1 TE BT X 3 BR Al 2 R AE K LB R 52 7 K
Jit,29(2):352— 360.

AN F I MR, S5, 2020, B G T 08 (AR SR T IX 40
WX 2% AR R AR S i 2h ) 35 S 2 . b
JE2EHE, 94(4):1128—1142.

AR AE W ER L BEUK, 1997, Bk B2 20 KL VR A bk Y 4E AR 2
M ERIL 2 Bk AL 24, 26(2):14—31.
XU, 2003. 1 1R 28 A5 B 4l rp g JLAS 1] 8

& ,20(1):41—48.

YR G, A R, FREYI, 25, 2019b. B R RE Al A I R
Jik Ar-Ar 5 4 K H 540 A 56 RTINS, 35
(9):2660—2678.

B4k, £7 A4 AR 26, %5, 2019a. E BT R E AR AT 5T 2k
A A AR, 35(2):589—605.

fi/ A A H R EUEE L S, 2010, B ALV F YL PR B 4F
FC2EBF T - 9 75 4l U-Pb [R5 2 AF i S b 5t 7 L
Hi R 2E 4R, 84(8):1175—1182.

TR, TR, SRR, 1991, s £ 25 ik 5 4 B D6 R TP 5E
W PR M T, 10(4):359— 370.

LB AR, 4, 2020, BT HE &b B B AR E 1101
Bl DKW AT ST AR B B M Bk R 2, 45(2)
419—433.

P SCHE AR AG , VR 40, %5, 201735 ) Ll 2 1A Bl 350 95 4 1 sh a0
IRIRFR AR 1 0 B P= 45, 8(5):782— 788.
i35, 2019, A58 e Al PR SRR AE B PR B R R 4R BV

I3HT AR 38(2):157 — 164.

PR ZE R K, IR 4 2019a. b KT 4k TR K TN
K5 0 A R R 5 Rl s 9 06 & L R ERE L 2019
(9):3043—3059.

PR 2 PR, AR, 45, 2019b. WAL KT B B A
AR AL U-Ph 4 A% 2 0F 5% K b i 2 X
R, 35(9):2727—2744.

SRAM, 2010, My 8 38 7R 5 4l BLAT VR I 5% LU 1l e
A EH S 081 (I 2 638 30). A - R R
FIE L MRA B LIk, 45, 2015 4B Fs-LA-ICP-MS J§ifi
X U-Pb 5 4F . o B BF 2% 2 Bk BE 4%, 45(9): 1304 —

1319.

AT AT

A
X H A




