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Abstract

The Shituling uranium deposit is located on the granitic side of the contact zone between the southeastern
part of Guidong granite and the Precambrian low-grade metamorphic rocks. There occur many NWW- and
NNE-striking basic veins in this area. The veinlike ore bodies mainly hosted in Maofeng granite are controlled by
EW-trending fissure structures. The U-Pb age of uraninite (135 Ma) is obviously different from the formation
age of Maofeng granite but close to the age of NWW-trending diabase veins. The initial ¥’ Sr/®°Sr values of pyrite
(0.71315~0.72579) in the ore are between those of NWW-striking diabase(0.70449 ~0.70632)and Maofeng
and Xiazhuang granites (0.75058 ~0.99507) at 135 Ma. The linear Pb isotope distribution of pyrite from the
ore indicates that Pb in the ore was a mixture of Pb derived from the basement metamorphic rock, Maofeng
granite and diabase. The Sr and Pb isotopes show multiple-source characteristics of the ore-forming components.
The ore-forming fluids have 81801{70 of 2.0%0~8.1%o0 and D o of —63%0 ~ —51%o, suggesting that the ore-
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forming fluids were mainly composed of mantle fluids. The calcite 8°C of —8.3%0 suggests that the > CO, in
the fluids came from the mantle. Therefore, the mantle fluids might have played an important role in uranium
mineralization of the Shituling uranium deposit.

Key words: geochemistry, isotope, mantle fluids, source of ore-forming components, Shituling uranium

deposit; northern Guangdong Province
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1 U-Pb
Table 1 Pitchblende U-Pb dating of Shituling uranium deposit
wy % wpp, % 204Pb 9% ZUGPb 9% 207Pb 9% ZOSPb % ZSSU 204Pb ZUGPb ZUAPb t Ma
1 75.72 2.40 0.339 77.40 9.001 13.26 8014.9 228 181
2 51.21 1.65 0.480 65.68 11.29 22.55 5569.3 137 156
3 67.32 1.85 0.427 62.50 13.44 23.63 7290.7 145 127
4 43.82 2.83 0.803 55.57 13.69 29.94 1665.2 69 262
5 28.51 1.00 0.422 71.20 10.39 17.99 5816.2 169 184
6 36.24 1.39 0.451 67.64 11.35 20.25 4948.7 150 192
7 62.00 1.70 0.330 78.31 8.810 12.56 9510.0 237 159
8 19.56 0.67 0.598 64.27 12.13 23.00 4205.2 107 163
1~6 1986 7 1986 8 °
238
250 2003 By
204pp-206pp, 204ph 138 Ma
135 Ma
200
o
B
S 150 4
£ 4
100 t=(135 + 40)Ma
(206Pb / 20413,]3)%!‘ﬁ =32+25 135Ma K—Ar 141
Ma®
50 T T T T T
2000 4000 6000 8000 10000
ZSBU / 204Pb
2 U-Pb
Fig.2 U-Pb isochron age of pitchblende from Shituling
uranium deposit 2
8DH20 = 51. 3%0 ~
3 ~63.3% 8O0 6. 0% ~ 8. 1%o
U-Pb 81801_[2() 2. 0%o0
1 1 30O
127~ 262 Ma 1989
1997 30
B
Isoplot =y =200C 8, >0
204Pb_206Pb 204Pb 238U 204 Pb 8180
o/ 206 204 0 18 :
0.5% “°Pb “"Pb 0.05% SO 5 <0
2 1 1 3 5180 30
6 135+40 1989 1997 Hoefs 1987
Ma 26 2Pb ?™pPh ;=32.0 2
(1] . 1995.

(2] . 1975.
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Table 2 Hydrogen oxygen and carbon isotopic compositions of Shituling uranium deposit
tC 80 %0 31C %o 3D %o 80,0 %o 8Di,0 %o
XZ-04 450 7.4 -82 8.1 -63.3
XZ-15 450 6.5 =75 7.2 -56.3
XZ-16 450 5.3 - 80 6.0 -61.3
XZ-17 450 6.8 —70 7.5 -51.3
XZ-12 180 12.1 -8.3 2.0
04-02-1 6.5
04-02-2 4.1
04-02-3 4.7
04-02-4 3.4
04-02-5 4.6
MAT-251 1986
a ) 1992
i o= WR xd,+ 8i-A xZ WR +Z
6 L
w%g 5t oa0s 04023
Ex4 .
41 04-02:2 W - S,
3t 04-024 3D = — 70%o0
3180 =8%0 Taylor et al. 1986
y 3 / H/ dD'= = 50%0 8O = —7.5%0 1989 &
T 2m
_ 80 3. 9%
Ly o e fz [ s INJa [ ]s [eeds ~10. 8% 2005
3 550 MO 10.3%0 ~12. 7%o 1986
1— 2— 3-<} 4— 2004
5— 6— 2 MO'=10.0%0 dD'= —70% A -
Fig.3 Variation features of 8'%0 in alkaline A=
metasomatic granites of Shituling Uranium deposit 2. 68X10°T"2-3.53 A
1—Granites 2—Alkaline metasomatic rocks 3—Pitchblende ore — 21.3x% 106 T-2-9 S8 ABC
vein 4—Geological boundary 5—Transitional lithologic boundary o o o
150C 250C  350C
6—Sample number
b §%0 DEF
3180 350C 250C 150C
18
6. 5% 3.4% 2 3 ob 670
18
5O =1%0 670
180 — 7. 5%o
10. 0%o oD
= 50%0 ~ — 37%0 1989 1990
SD}LO —51.3%0~
—63. 3%0 2 oD
- 50%0”" - 37%0 180
4 0O
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Z=0.005 1992

Fig.4 Hydrogen and oxygen isotopic compositions
of Shituling uranium deposit
Curves were drawn according to the water-rock exchange formula for
the closed system. Curves A B Cand D E F represent respective-
ly curves of 8D and 880 of fluids after the exchange equilibrium be-
tween meteoric and original magmatic water and wall rock granite
under the conditions of 150C  250°C and 3507C as well as different
0.5 0.2 0.1 0.05 0.01 0.005

For the calculation formula see the text. Parameters for

water-rock ratios 5 2 1
0.001 .
calculation are as follows 8D'= —70% &'0' = 8% for original mag-
matic water Taylor et al. 1986  8D'= — 50%0 8O0 = — 7. 5%0
for meteoric water in Mesozoic ore-forming period Zhang 1989
Supposing 80 =10.0%0 dD'= —70% A O =2.68x10°T 2 -
3.53 AD =-21.3x10°T"2-2.8 for rocks Z=0.5 for oxy-
gen isotope Z=0.005 for hydrogen Chen et al. 1992
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3 Pb
Table 3 Pb isotopic compositions of pyrites from Shituling uranium deposit
wy 10*() W 10*(: wpp, 10*6 ZOGPb 204Pb 207Pb 2U4Pb ZOSPb 204Pb Z[Jﬁpb 204Pb ; 2[]7Pb 204Pb : 2(]8Pb 2(]4Pb :
337-3 19195 4.874 1327 45.175 17.077 38.944 23.468 16.019 38.942
3374 18019 3.919 1284 44.141 16.992 38.829 23.081 15.966 38.827
337-5 20245 4.322 1211 49.308 17.255 38.851 24.236 16.033 38.850
337-6 28714 5.568 967.5 74.716 18.523 38.837 30.176 16.352 38.835
U Th 290 Pb Finnigan Triton
135 Ma
16.6 4 Rb-Sr
6.4 - Table 4 Rb-Sr isotopic compositions of pyrites
d from Shituling uranium deposit
162
o wry 1070 g 1076 SRp %08y 87gp 805 878y 860Gy,
? 16.0 - .. i 337-3 11.35 22.45 1.4660  0.728606 0.72579
2 s - 1 o FHy 3374 63.50  21.30  8.6411 0.729731  0.71315
g ’ EHE 2 m ERE 337-5 11.13 21.29 1.5146  0.728630 0.72572
15.6 - & 1l 337-6  11.43 35.42  0.9352  0.726244  0.72445
3 0 OmRAE N
té t
154 4 ﬂﬂ@ mnigan riton
Tﬂﬂ%| 1 1 1 1
5.2 L :
16 18 20 22 24 26 28 30 32 135 Ma
206Pb /204Pb
8Sr 8Sr 13sma 0.75059~0. 99507
5 206Pb 204Pb*2071—)b 204Pb =
— - — . 2005
Fig.5 2°Pb 24Ph—27ph 24Pk diagram of pyrites from Sr Sr
shituling uranium deposit Sr
1—Pb of pyrites 2—Pb of potash feldspar from Maofeng granite
3—Pb of diabase from Huangpi-Zhangguangying
5.3
1 S C
206 pt, 204 p —8.3%o 2 3BC = 8%0 ~
23.746 2'Ph 2ph 16.203  2%pb 2%Pph = 4%o 1993
13
45.019 1995 6°C 0%o
B¢ —20%o BC
, —=27.0%0~ —12. 3%0 1997 Zhao
2001
5.2 5.4
4 Rb-Sr 1989
135 Ma Nb
87 Sr 808y . 3374 Zr Rb Sc Ga Hf Ba Cr Th
0.71315 0. 72445 ~ W Pb Sn Mo Be U Y W Pb Mo
0.72579 7Sr Sr 135ma S
0.70449~0. 70632 2005 Pb
87 SI’ 86 SI' 135Ma 0 75667 -~
0.76675 2004
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Table 5 Compositions of trace and rare earth elements of pitchblende and pyrite from Shituling uranium deposit wp 10~¢

337-1 337-2 337-3 337-4 337-5 337-6
Li 91.14 66.00 11.14 11.16 10.08 12.07 20
Be 114.5 90. 60 2.882 2.565 8.326 3.017 1.95
Cs 5.239 14.63 2.298 2.448 2.192 1.818 3.55
Sc 1.705 1.457 2.140 2.218 2.475 2.391 15
Ga 10.79 11.61 1.731 1.809 1.953 2.488 18
W 2217 1938 11.04 8.382 11.40 35.21 0.91
Sn 19.64 18.02 15.87 20.13 17.37 18.82 1.73
Mo 11.52 10.32 29.48 14.63 36.25 106.0 0.78
Bi 162.2 191.6 108.7 102.3 125.4 88.88 0.23
Nb 2.749 4.226 30.72 31.51 34.69 38.73 12
Ta 0.187 0.325 2.850 2.494 2.954 2.821 0.74
Zr 44.23 12.47 39.51 37.80 40.11 27.48 188
Hf 0.430 0.456 0.812 0.758 0.854 0.663 5.12
Y 222.7 299.1 52.51 51.14 64.05 60.57 17.4
Ba 279.8 297.6 19.47 19.81 23.28 19.96 678
Mn 12919 10550 120.8 124.6 117.4 185.5
Ti 24.11 28.92 519.4 584.6 508.8 492.7
A% 120.9 122.4 25.46 29.93 23.95 12.27 98
Cr 9.750 4.226 7.212 7.747 5.831 8.783 80
Co 0.641 0.887 44.68 44.24 55.35 37.09 17
Ni - - 14.91 13.13 17.73 10.85 38
Cu 10.45 20.07 60.09 61.18 74.41 61.18 32
Pb 3422 4397 1327 1283 1211 967.4 18
Zn 32.49 40.68 200.7 67.70 81.54 579.7 70
Rb 13.16 58.62 15.10 16.33 14.92 12.73 82
Sr 536.7 364.3 21.82 21.80 21.74 35.50 266
Th 1.723 2.842 4.874 3.919 4.322 5.568 8.95
U 19195 18019 20245 28714 1.55
La 326.3 189.5 29.22 30.27 37.71 38.79 34.8
Ce 359.7 203.2 56.74 54.15 73.58 83.09 66.4
Pr 28.15 21.91 6.275 6.246 9.070 8.773
Nd 106.4 94.44 23.53 22.73 34.21 33.45 30.4
Sm 25.85 31.90 6.990 6.786 9.811 10.52 5.09
Eu 2.737 3.216 0.877 0.805 1.012 1.207 1.21
Gd 38.36 52.00 8.362 8.196 10.85 11.56
Th 5.029 7.658 1.823 1.119 1.525 1.599 0.82
Dy 31.21 48.39 7.527 7.019 9.534 9.484
Ho 5.692 8.967 1.298 1.276 1.673 1.614
Er 14.39 22.20 3.516 3.394 4.486 4.046
Tm 1.941 2.871 0.509 0.490 0.655 0.568
Yb 11.75 16.27 3.416 3.275 4.327 3.742 2.26
Lu 1.598 2.167 0.502 0.472 0.628 0.540 0.35
SREE 959.1 704.6 149.9 146.2 199.1 209.0
LREE HREE" 7.72 3.39 4.70 4.79 4.91 5.30
La Yb \* 18.72 7.85 5.77 6.23 5.88 6.99
oEu 0.27 0.24 0.35 0.33 0.30 0.33
Finnigan Element [[ ICP-MS
* 1
5

18000 10~° 5
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Fig.6 Trace element spider diagram of pitchblende and pyrite from Shituling uranium deposit and Maofeng granite
Normalized value after Pearce 1983
a. Pitchblende solid circle  pyrite hollow circle b. Maofeng granite after Ling et al. 2005
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Fig.7 Chondrite-normalized REE patterns of pitchblende and pyrite from Shituling uranium deposit and Maofeng granite
normalized value after Boynton 1984
b. Maofeng granite after Ling et al. 2005
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LREE HREE 3.39~7.72  5.77
~6.99  SEu 0.24~0.27 0.30~
0.35 7 1987
1998 2003
704.6 %10 ©~959.1x10 © 19% ~45% 1986
146.2xX10 ©~209.0x 10 °
D ©) CO,
SCO,
CO,
uo, CO; 3
1984 1989 u0o, CO; 3° @ 1989
1995 @ U** 0.97A
>CO, 6
)
135 Ma 290 ~338C
1984 @ U** REE*"
@ U-Pb
REE 135 Ma 220 Ma
REE , 143 Ma
®)
68.93 X 107°~94.10 X 107° LREE 35010 2.0% ~8. 1% Do — 63%
HREE 1.25~1.95 La Yb y 0.44~1.35 — 519, @ .
SEu  0.02~0.07 2005 CO, Pb
Sr
5.6
<1.6x10°°
@
16x10°°
2005 2005

(1) . 1995.
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