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J T W MO 5T LA WA A R
GrXF 5 ANRE ST T A S OB R A B
Z2, Horh 17-6591-1 #F i A9 O 5 1 % W ¢ 45 2R
WE 1Ca), AU EH. A FEZHR KA (~
60%0) AB(~30Y) UK B o atE B+
TYMABZRT Y A0YO U, KA AFEAE
JE AR T A B R R IR R SR A5
K A7 A e Ok L4289 100~ 500 pm, - 24 k0 42
2920 300 pm, S EPERCAT B B A 2% IR A
AR o A OB e % 7 B, S MR L 78 O A D R
B R AT WL ph A VS 454 . S E EE LA A A
R FE R 1~2 mm, 4000 FLBR 2SR LUK (] L
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Fig. 1 Orthogonal polarized light microscopic image
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Fig. 2 SEM characteristics of fine-grained
sandstone (Sample 17-6591-1)
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3.2 XRD H ¥HEK S

FESh F B A MY XRD 4> 1 F1 &5+ & &
XRD r#rg iz 1 Mk 2, ATLAES . Filhngd
W AR Y B 5 i AR AR . 17-6591-1 Al
17-6692-2 AP A FE M A% IEK A KA F
T A B A RO SR BRI . B
TR LR A s 0 A R SR )= F . 2
AN S e BT B4 i D 500 2700
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8.94% Fh + 9 Wy T i 4y B4y B R 110 0206 FI
4.62%3;17-6591-1 FE S P& A 1. 27 % 7 f# 41 F
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Gy R 6. T1 YN 8. 16 % Jr fif A0 5 8 3 A i oA
23.51% M 31. 96%, 1 = £ it it 53 B4 B A
20.92%F1 9. 75% . B BB IR S Boar Bl ok
8. 43% M1 3.08% , HESL 17-6490-2 ¥ kB i ht
SR 1.06% .

4-w73-3 % B BR R e BR A E E R oA
(38.48%0) \IEK A7 (6. 33%0) K A1 (12, 43%0) (¥
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X1 TAERBPIZETY XRD &R
Table 1 XRD analysis results of major minerals in the ore sample
wg/ %
FE Ak - —
A Y EKA MR A I fRf Haz A /N L7308 L BE

17-6591-1 iRy 50. 27 14. 64 15. 07 1.27 7.73 0 0 11.02
17-6692-2 b 68.91 15. 85 8. 94 0 0 1.68 0 4,62
4-17-17-2 TR R R R Ve Bk A 21. 62 18. 81 6.71 23.51 20. 92 0 0 8.43
17-6490-2 TR B R R Ve Bk A 23.46 22.52 8.16 31.96 9.75 1.06 0 3.08
4-w73-3 Ik T 5 Ve R A 38.48 6.33 12.43 0 0 5.23 12.93 24.59

k2 TAERPFLITYXRDAHER

Table 2 XRD analysis results of clay minerals in the ore sample
w/ %
B & 4 — — -
A BRa mikA BPZRZER) BRRERLEE BREREEED PSR I CH )

17-6591-1 0 38 41 0 0 21 76.0
17-6692-2 0 34 26 0 0 40 79. 4
4-17-17-2 0 39 20 11 43.7 30 82.6
17-6490-2 0 33 22 45 36.3 0 0
4-w73-3 9 19 13 16 42.7 43 76.5
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TTE; M AP w (U0, 2 K 46, 93% ~
55.97 % »w(SiO) 4N 8. 71% ~11.45% , Ik
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Table 3 Uranium mineral electron probe results %
BEM4S  w(TiO)  w(Ca0) w(UO) w(ZrO:) w(P;05) w(As;O5) w(Si0;) w(AlO;) w(FeO)  Total HE
17-6591-1 2.26 3.29 64.14 3.72 1.91 0.91 4.59 4.57 1.63 89.77  WiEAhE
17-6591-1 35. 64 2. 04 35. 69 3.20 1.10 0. 84 1.90 13.98 0.78 97.45  ERENEEA 1K
17-6692-2 4,69 0.57 70. 16 3.68 2.62 1.33 1. 90 0.10 0. 64 90.61  UiTHHE"
17-6692-2 4,54 0. 68 71.82 3.70 2.62 1.33 1. 61 0.05 1.29 93.44  WiTHHIE"
17-6692-2 4,40 0.66 65. 50 3.89 2.42 1.23 2.54 0.54 1.34 86.64 YT A
17-6692-2 4,22 1.55 68.53 3.61 2.57 1.30 1.79 0 0.41 87.45  WiTH A
17-6692-2 3.70 0.86 57.22 3.35 2.26 1.23 5.82 2.31 1. 44 85.94  WiEAhE
17-6692-2 4.16 0.58 55.56 3.54 2. 40 0.50 3. 34 0.79 3.68 78.94 T AN
17-6692-2 3.03 1.39 46.93 2.21 1.79 0.49 8.71 4,28 2.32 75. 68 Lilika)
17-6692-2 4. 11 2.11 61.32 3. 44 2.53 1.13 5.27 1. 30 0.91 86.17  WiTFHHH"
17-6692-2 3.26 2. 70 55.97 3.11 2.21 1.15 11.45 3.14 0. 85 87.31 B
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Table 4 Clay mineral electron probe results %
HMas  w(Ca0) w(K:0) w(UOz) w(Na;0) w(MgO) w(SiO;) w(AlLO3;) w(FeO) w(Sc;03) w(H20) Total
17-6591-1 0.478 1. 387 0. 094 5.802 0.214 46.121 29.104 0.432 0. 009 16. 044 100
17-6692-2 0.137 1. 985 0.027 0.111 0.354 47.193 37.751 1. 200 0 11.051 100
17-6692-2 0.168 1.996 0. 086 0.245 0.403 48.039 37.851 1. 088 0 9.942 100
17-6692-2 0.409 2.053 0.018 0. 206 0.791 46. 272 35.792 0. 707 0. 009 13. 398 100
17-6591-1 0. 404 0.107 0.120 0. 100 0.096 37.391 39.037 0.181 0.027 22.316 100

3.4 HABERS

TEANED A b Bl Wy LR £ A0 75 Bl o 32
W RS 25l R sl . A 3 R R U
KA AL 25 1 B A e 8 UKL B T 2%, B
Vi B L0 WA BB A — SRR Gl 4
R R ARG B T W I A A R A T
)8 ORI T . U il 32 R R S S
MR L P A B E E R A5 K (1 3) .
PARUINS RN E P S QE B2 VRN A5 RN Sy
PR BN A 5], Z2 B BURIG I R JOR 1
/i B JRCIR 8 3 R S 1 A2 AR B R T Bl TS R
TERBR . s 25 /e R34, f
BETWMAO BHE 028 A% K A%

Wb A~ 7)., W B A Al 32 R B AE &G
T Wy Crm W ) W Rl s B B RS
KRB SR Bl A B R G 7E T HK
SSRGS W R LT Y EH R & T IE
W LT

3N MDA R A AR — S T ), X g
FE VKRR G AR T H AT W00 S As 45 8
B a4l A N KA . A TR ETY)
T XRD 5 B HLH P 09 5l BT 5 o 8088 7 T
1%, AT 2R AT, BB YA b A b i ¥
EOEL N 7. 82% B £ W B Al T B B
0. 043% , LI, & b 0 B Y 4l 24 0 4 0 Al ey
0. 003 % , M ANAD 5 1 41 i 4l 5 3 24 0. 007 %



% 34 M A,F TR EMT RE L AT & LT HFHR 13

AR 205 T L AR T A
49 57 %6 o T W BEE 2 Bl 249 o5 il B ) 4300

10jn  EHT-2500KV Signal ANTSBSD D16 0ct 2024 [}
WD=8Smm  Mag242X Time:14:4027

EHT=2500kV  Signal A=NTSBSD  Date:16 Oct 2024 kel
WD=00mm  Mag=4X Time:15:56:51

U

/

e

Clast

Clay

EHT=2500kV Signal ASNTS BSD  Date: |éoemm

100 EHT=2500KV Signal ASNTSBSD Date2l Oct2024 (088
WD-80mm Mag=3.12 KX Time21:57:53

DESmm  Meg=177X Time:19:45:59

U— i % 8" ; Cof— il 47 s Pl—BHK H 5 Py— BB
Clay—Hi L5 ¥y ; Clast— 1% 8 .

Ca) JEE Rl A1 & B FE A BURLIA %5 (b) 0BRSS5 36 07 1)
B CoAAR A3l 5 (D R T 1 T8 UL P38 1) Bl £
B3 MEbE(17-6591-1 &) Pu BRS
Fig. 3 Morphology of uranium minerals in fine

sandstone (Sample 17-6591-1)
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Fig. 4 Pitchblende in calcite morphology
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X I T4 5 AN RE S TR T Al S R Ak
AT, BE R UL 5. R Y 4l T B B TR,
Hod e 4-17-17-2 . 4-w73-3 F1 17-6591 H w(U)
B 43 K 0. 674% .0, 214%,0. 130% . B
17-6692.,17-6490 B w (U)AL . 43514 0. 006 % .
0.008% ., UCVITET Ll 1T 4B & A Y 25 2 i s
Hop 3 ANEER B w[ UGV IEE 80% L b, Higy 2
AFES T w[UCVDI<<50% . FE &P ak A 1R
K AL 4-w73-3 H w(Re) BT pg/g.
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Table 5 Uranium and rhenium content of

ore from the Qingshankou Formation

HREE WU/ % w[UVD]/  w[UVD]/  w(Re)/
% w(U) /% Cpg/®)
4-17-17-2  0.674 0.567 84.12 0. 83
4-w73-3 0.214 0.197 92.06 1.35
17-6692 0. 006 0.003 50. 00 0. 04
17-6591 0.130 0.110 84. 62 <0.01
17-6490 0.008 0.003 37.50 0.28
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Process Mineralogical Study of Uranium Ores in Qingshankou
Formation of a Uranium Deposit in Songliao Basin
LIU Xiaokui', HOU Chunru®*, YUAN Yuan®, YI Aifei’, HU Rile', GAO Yonghong'
(1. Tongliao Uranium Co., Ltd., CNNC, Tongliao 028000, China;
2. Beijing Research Institute of Chemical Engineering and Metallurgy, CNNC, Beijing 101149, China)

Abstract: The Qingshankou Formation is one of the primary ore-bearing layers for uranium deposits in
the Songliao Basin, where the techno-metallurgical characteristics of the ores directly determine the
feasibility of in-situ leaching uranium. This study focuses on sandstone type ores in the Qingshankou
Formation, employing petrographic analysis, scanning electron microscopy, energy-dispersive spec-
troscopy, and electron probe microanalysis to conduct techno-metallurgical research, systematically
revealing the occurrence patterns of uranium minerals. The results indicate that uranium minerals in
fine sandstones of the Qingshankou Formation are predominantly uraninite and pitchblende, primarily
distributed along the edges of clastic particles, which facilitates contact between uranium minerals and
leaching solutions. Additionally, the pores in fine sandstones are mainly intergranular, promoting
uniform diffusion of leaching agents. In contrast, uranium minerals in mud breccia are primarily uran-
inite, mainly distributed within the mud breccia, which hinders contact between leaching solutions
and uranium minerals, increasing leaching difficulty. The study suggests that the Qingshankou For-
mation of a uranium deposit in the Songliao Basin has the potential to become an ideal mining horizon
in the region.

Key words: Songliao Basin; Qingshankou Formation; uranium minerals; process mineralology; en-

dowed characteristics; in-situ leaching of uranium



