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Fig. 2 Outcropping of the bitumen vein from the Tianbazi section in Guangyuan and U-ores from the 303 deposit in Bazhong City
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Fig. 4 Scanning distribution map of elements of the bitumen vein by EPMA from Tianbazi section, Guangyuan; (a) scanning distribution map of Si;(b) scanning distribution map of Fe;

(¢) scanning distribution map of U;(d) scanning distribution map of V; (e)scanning distribution map of S; () scanning distribution map of Ba; (g) scanning distribution map of Mo;

(h)overlay image of all elements; (i)BSE image

em™" BT AW H,0 AL AIIR B 56,2854 em™ ~2924 em™ IR L4 5 i
U J F ) PR R S Y R (AR AR R B8 5%, 1600 ~ 1650 em™ BiFIT A W AT 55 58 FR 1 C
=C ol F 33— B 6 A1 P ) C—H B 4 45 B 31 A7 & ( Masson, 2001 ; Karlsson,
2003),1450 ~ 1550 em™" FHIE ARG S CH, Al CH, JEHT) C—H #ERASTE IR sh A
XPFRPLIR B OC, 1380 em™ BT WIS CH, F1 CH, 141925 ih Ik 2h 5l 05 %
&Y COO-FE AT FRPLAR IR Zh A 56,1245 em™ FFEIT AW o S SR AL S0 1Y
ARIRBIA O, 1030 em™ BFIE A IR0 5 B2 RS Y C—O s R 2 A ¢
( Wu Meng et al ,2016) ,700 em ™' ~ 800 em™"' [ 537 AL &9 B9 IR 848 2% ( Guan
Xiaohong et al,2007) , Pt , JGie e H W5 T A I 5 ik, 18 2 303 Hh R H A L
BT, AR — P A R o T A5 AL A A (O W4 FRIE RIS 1Y
KoarFH
3.3 JwEHBKLE
331 ¥ExE

7350 1 0 5 Bk 303 07 IR & S A E TR s Rk 1 Fos, Wid ik
MBER 2N T0% , iy Si0, & it Al ik 20% LA |, HR % Al Fe Mg, Ca K %,
Wi es WK be 2 s BEAS SO B, T e A HILE &t , FLrp & A D i R R R0 (O
AT A7) MR TR €O, , & Si0, & S i 550 W) 4 WF 97 it ML 2 51 1Y
GER—F B E AT A (SRR T 2%0) Wb RN 14.7% ~ 17.53%,Si0,
EHHNAT% ~ 49% ,Ca0 TN 14% ~ 19% ARSI A (Bl &R T 0. 3%0) HY
PRl 8.21% ~ 9.38%,Si0, F i 60.61% ~ 64.08% ,Ca0 &g N 5.53% ~
9.38% , &S A FEIT LI A P ) Al Fe Mg K 55 1Y 2 5 B A0 A K AR b A Bl A1
HIBe R AR T B M A4 6% ~ 8%, 303 B FRANE 1 rh# B AU BRER EL & 5 /R i
Wb ¥ KA R EURIR SR A VE L, 3R e 2 i B SRR SR B o R B A, 16 S ah ™
ATETAPEA X,
3.3.2 WEREMBELITE

FH -5 AT 7 k5 303 @ PR & Sl A B AR A D Al P i oo 2R A o R
SIFTEE RN 2 R, BT R R W Bk iR TR A TR T A, R
EEIRF] T 8000x107° P |, FEE S Mo, Cd U Re Ba JLE , K & 4 Sc V. Ni,
Cu.Zn Rb TL, AHX} 541 Li \Be Co In Th 55 (&1 6) , #itIoR A& Bow, P ik
(125 2575 H U 2 B34 BB A 9 A8 DA L, 2% B 0050 1 90 7 ko= T e
T ICERN R E A RS AR, BRI GO A S AR (B 7). 303
PR i S AL & Bl A T A RO G R A H oo R, B R IAE] T 5000%107°
P b, EZE 4 Mo Cd U Re Ba JTE ,IRZE & 4L Sc .V .Sb.Rb Tl #H%f 774 Be Co,
Ga.In Th % (XS A0 A h AR ST R ARG Lo R W s 5, B8 AT 2500
107°~5800x 107" Z [H] , il L TC K 5 = di o & Al A0 SR — 300, 2 225 4 Mo .Cd U,
Re JGE , IR & 4E Sc .\ V.Sb . Rb T, #i X} 5 #i Be Co.Ga ,In Th & {H & & SAMLF
i L AN, 303 IR E AT A AR - oC R L4 i R R B A R O AR
B+, ARG Eu 5% (8Eu 4 0.19 ~ 0.31), A4 b HI30F-350 1 96 75 A
AR A U U R R AR SR I T A AR B , JEHE AR % Mo .Cd U \Re,
Sc.Sb TGE , fi I FE S AR, Wk ik BBk A A5 LA L H 303 B R AT
AR A B B A X AT BB S IR R A R DA A R A G D
wAE PR TP O A S B R e A O AT



8 o oW T 2021 4F
1 THNFHERERSER 3T REMT AMEIETESE (R %)
Table 1 Major elements content ( %) of the bitumen vein from the Tianbazi section in Guangyuan and uranium ores
from the 303 deposit in Bazhong City
FE S S Si0, A1, 05 | Fe,04 MgO Ca0 Na,0 K,0 MnO Tio, P,0s FeO |hekiE| At
S LQ-1 22.83 | 1.42 | 0.416 | 0.903 1.7 |10.373{0.385[0.023 | 0.119 | 0.091 | 0.34 | 68.99 | 97.59
8 N LQ-2 21.68 | 1.38 | 0.413 | 0.85 1.68 |0.336|0.383 1 0.018 | 0.122 | 0.089 | 0.34 | 70.21 | 97.50
AL LX-25-5-1 60.61 | 9.63 | 3.41 1.59 | 9.38 1.86 | 1.66 | 0.103 | 0.665 | 0.128 | 1.64 | 9.38 |100.05
- LX-25-5-4 64.08 | 10.07 | 4.03 1.69 | 5.53 1.86 | 1.65 | 0.058 | 0.66 |0.119 | 2.11 8.21 |100.07
T LX-25-5-5 46.74 | 6.84 | 2.75 1.34 | 19.06 | 1.50 | 1.17 | 0.122 | 0.49 | 0.099 | 1.54 | 17.53 | 99. 18
H L.X-25-5-6 49.25 | 7.65 | 4.74 | 1.15 | 14.31 | 1.56 1.34 | 0.164 | 0.485 | 0.106 | 1.02 | 14.76 | 96.54
EUON I, KR B A —IR AR T, 5 g AL B 6 il %
4 HiIE X

4.1 SHRET HIRET

DU AL S 5 4 iS4 e )R
(U)K 19 5 1 i B 2 Bt b 2
FIFUE SE ( Spirakis, 1996 ; Langmuir, 1978 ; F4 38 12 45,
2004 ; Qiu Linfei et al,2021) . FERD AR Eh ™ VE FH
Hh Sl A AL AT AR DA e U D B 2 R Al
Z A AR 1 SR A FDE BBl Bt 25 - (U0, ), Y
FEE B S A & S I SR BT b )2

AR XS i 1Y 4 A gl & A2 UTUE ( Langmuir,
1978) . AR HEG L 1E H A LT 1Y 28 8 3] DLy
AP R (B 8) (Bonnetti et al,2020) : 55—
FRIA R 3 550 32 22 Sy b J2 v i OB AL BT (i
J& JEFEE) 5 AR R I S TR IR
OS2 AR R B B H,S AR KR4 I3 (G, ~
Cs) , MRS A AL BT 7E Sl s/ H v e 32 VR HTE A7
TEH R A FERIAR .,

DU | 5 1 VG G AR B B A A Al e S5, T

K2 THOIFHERSERS 303 T KT ARMT LB EMETE HLTREIE(x107)

Table 2 Trace elements and REE elements content ( x107®) of the bitumen vein

from the Tianbazi section and U-ores from the 303 deposit, Guangyuan

B Lo-1 102 LX25- LX25- LX25- LX25- B Lo-1 102 LX25- LX25- LX25- LX25-
05-01 05-04 05-05 05-06 05-01 05-04 05-05 05-06
Li 5.46 5.54 25.5 29.7 28.9 40.8 Tl 3.32 3.84 0.264 7.59 1.48 30.7
Be 0.44 0.44 0.998 1.36 0.84 1.51 Pb 15.5 16.9 28 18 75.6 204
Sc 3.71 4.1 8.36 9.55 7.44 7.91 Bi 0. 157 0. 165 0.078 0.111 0. 054 0. 098
v 1663 1712 104 69.8 130 588 Th 1.68 1.85 7.07 7.25 4.75 5.67
Cr 412 430 158 175 210 148 U 65.1 70.2 324 261 2983 8990
Co 5.39 6.03 8.61 11.3 7.48 9. 86 La 12.5 11.8 30.8 33.2 22.5 27.5
Ni 418 432 23.3 25.8 21.2 23.5 Ce 20.2 21.1 56.2 49.8 38.9 43.7
Cu 160 171 29.2 18.3 10.3 14.7 Pr 2.84 3.15 7.99 6.26 5.41 5.74
Zn 357 375 58.8 71.8 43.2 56.2 Nd 13 13.6 31.1 21.8 19.8 22.5
Ga 4.63 4.99 9.83 13 7.89 11.5 Sm 3.24 3.2 5.68 4.33 3.58 4.68
Rb 10 10.6 48.3 53.4 36.8 46.9 Eu 0.98 1.11 1.34 0. 863 0. 988 0.792
Sr 113 117 233 198 394 339 Gd 3.1 3.29 5.17 3.19 3.37 3.65
Y 51.8 54.4 26.1 13.6 16.7 20.6 Th 0.781 0.721 0. 838 0.478 0.576 0. 639
Mo 444 464 40.9 4034 112 1121 Dy 3.93 4.2 4.51 3.08 2.83 3.43
Cd 12.1 13.8 0.27 10.2 0.422 2.81 Ho 1.08 1.13 0. 865 0.491 0.619 0.631
In 0.012 0.015 0.029 0. 044 0.027 0.037 Er 3.29 3.53 2.35 1.62 1.64 1.97
Sbh 1.77 1.97 0. 905 1.07 0.787 6.19 Tm 0. 637 0.705 0.387 0.264 0.257 0.28
Cs 0. 643 0. 695 2.59 2.89 1.87 2.04 Yb 4.43 4.51 2.53 1.72 1.84 2.01
Ba 4422 4491 1233 543 422 1061 Lu 0. 669 0.749 0.357 0.256 0.252 0.268
W 2.06 2.03 0.778 1.28 1.01 1.53 || XREE| 70.677 | 72.795 | 150.117 | 127.352 | 102.562 | 117.79
Re 0.358 0.372 0.132 0.51 3.46 17.8 SEu 0.31 0.34 0.25 0.23 0.28 0.19
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et al, 1996 ; Sharma et al ,2020) . B 1Hi
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Fig. 5 Micro laser Raman and infrared
spectrum of the bitumen vein from the
Tianbazi section in Guangyuan and organic of
U-ores from the 303 deposit in Bazhong City:
(a) Micro-laser Raman spectra of the
bitumen vein from the Tianbazi section; (b)
Micro-laser Raman spectra of organic matter
in high grade uranium ore from the 303
deposit; (¢) Infrared spectrum of the bitumen
vein from the Tianbazi section; (d) Infrared
spectrum organic matter in high grade

uranium ore from the 303 deposit
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Fig. 6 Trace element change curve of the bitumen vein from the Tianbazi section in Guangyuan and U-ores

from the 303 deposit in Bazhong City
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Fig. 7 REE distribution patterns of the bitumen vein from

the Tianbazi section in Guangyuan

and U-ores from the 303 deposit in Bazhong
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Fig. 8 Two main metallogenic models of sandstone-type

uranium deposits ( modified after Bonnetti et al. ,2020)
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107°) U(245x10°°) . Re (1.4x107®)  Ba ( 14000 x
107%) \V(5950% 10™°) . Cu (560x10™°) . Zn ( 1260 x
107°) . FARE TR A, Mo Tl s — B 600x
107~ 800x107°) .U ( Tk S i — A 300x107°) |
Re( WA MO E , IR 3B 0. 001x107°)
T KA )G, ALk Tolk 2 A R E, U 2%
TAbRgARE™, B & B Tl AT D (1) 5K}, Mo
B I RL(2620°C) = AL(5560°C) VBREER |
LGRS IE BB AT | T S 1oh 4 I 2 O REAE (2R
NG ,2020) , BR R — AR BOMEIS 4 8, B = a8
(3180°C ) i il (5627°C ) TRt A | Tk 5 o T 25 25
R (BRYR A 55, 2021) , AR & & L R A0 )1 2
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AR (¥ R S5 2016 5K R 45, 2020) |, L AR B
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FE (B, 2014) , #EBUFE AR SR B BFSE AT 200
N kAR TR LA R .

5 4tk
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Discovery and geological significance of the U-bearing bitumen vein from
the Tianbazi section in Guangyuan, Northern Sichuan

QIU Linfei"” ,DING Bo" ,LIU Hongxu" ,HU Baoqun® , WANG Zhanyong” , XIAO Kexiang”’
1) CNNC Key Laboratory of Uranium Resource Exploration and Evaluation Technology, Beijing Research Institute
of Uranium Geology, Beijing, 100029 ;
2) State Key Laboratory Breeding of Nuclear Resource and Environment, East China University of Technology, Nanchang, 330013
3)No. 280, China National Nuclear Corporation ,Guanghan ,618300

Abstract: A U-bearing bitumen vein with uranium anomalies ( ~ 70x107°, several locations) was identified
in Qingchuan County, Guangyuan City, northern Sichuan Basin. The mineralogy, element geochemistry, and
spectroscopy analyses were carried out for this U-bearing bitumen vein, with comparison to the “organic matters” in
the nearby typical sandstone type uranium deposit ( 303 deposit). The U-bearing bitumen vein contains a large
number of micro-grained minerals, including micro-sized quartz, barite, chalcopyrite, sphalerite, galena and
strawberry-like pyrite with micro—nano structures. The bitumen vein is highly enriched in Mo, Re, Cd, U, and
Ba, with slightly elevated Sc¢, V, Ni, Cu, Zn, Rb, TI contents. Similar uranium- and bitumen-bearing veins have
also been found in the 303 sandstone-type uranium deposit, with similar mineralogy ( barite—pyrite—sphalerite and
other minerals) and trace element concentrations. It is suggested that the uranium mineralization in northern
Sichuan may be genetically related to the cracking and destruction of paleo-oil reservoirs. In the tectonic active area
in the Sichuan Basin, it might be potential to find uranium deposits related to oil—gas activities. The U, Mo, and
Re contents in the bitumen veins are all significantly enriched and could be comprehensively utilized after the
bitumen was burned, it is therefore recommended to pay attention to these bitumen veins for comprehensive
utilization of the aforementioned associated elements in future in northern Sichuan.

Keywords : bitumen vein; paleo-oil reservoir; sandstone-type uranium deposit; geological significance;
Sichuan Basin
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