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characteristics, hydrogeological and paleoclimate conditions, drilling verification, and uranium mineralization
features in the Liangjing area of the Southern Songliao Basin, it is inferred that the Sifangtai Formation (Ko2s)
possesses the fundamental geological conditions necessary for sandstone-type uranium mineralization in this region.
The area is characterized by abundant uranium sources and a gentle slope structure trending NE-SW, with higher
elevations in the east and lower elevations in the west. Oil-source faults penetrate the T2-Tos formations, facilitating
fluid migration. A braided river sedimentary system is well-developed, featuring multiple sand bodies with good
continuity and stability. These sand bodies exhibit high hydrocarbon content and significant reductive capacity.
Stable mudstone-sandstone-mudstone sequences are present, along with a well-developed groundwater system
characterized by a complete recharge-discharge-drainage mechanism. A weakly alkaline, oxidizing paleoclimate
with alternating dry-heat and temperate-humid conditions promotes the activation and migration of uranium and
other elements. This environment favors the formation of oxygenated uranium-bearing groundwater and the
superposition of epigenetic oxidation processes, which enhance uranium mineralization. Uranium anomalies are
predominantly developed in the middle to lower members of the Kzs Formation, with clear mineralization
information and drilling verification results. The study suggests prioritizing exploration targets in the following areas:
the sand-clay interbedding interface between distributary channel and inter-channel microfacies in the lower-middle
section of the Sifangtai Formation, as well as zones of rock geochemical parameter anomalies. These features
collectively represent optimal targets for identifying sandstone-type uranium mineralization in the Liangjing area.
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Fig 1 Location and stratigraphic characteristics of the study area
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Table 1 The Th/U ratio of sand body in Sifangtai Formation
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Fig.2 Sortheast Geological Section of Liangjing area, South Songliao Basin (See the green solid line in Fig.3 for
the profile location)
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Table 2 Hydrocarbon content of fine sandstone in Sifangtai Formation in Liangjing Area

j&&& (ul/kg)

PS5 =

H ke Y E 5 FTh  IETH B IERME
Q191-3 IKOANRS A 1492 204 54.85 2.59 12.06 2.29 2.62
Q 191-7 KBNS E 1441 198 57.74 4 13.4 3.45 2.97
R36-1 RGNS A 1292 214 61.44 3.89 16.67 32 3.41

R36-3 REF B A 1335 181 57.95 6.65 15.21 7.23 4.03
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Fig 3 Sedimentary facies profile of joint wells in Liangjing area in southern of Songliao Basin
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Fig.4 Sandstone drilling coresin of Kas in Liangjing area in southern of Songliao Basin

10
FC:O\‘MgO
5
> E 0
I
o g
. -5
® WK KA s
L 2
10 1 I} 1 1
Na:0 KO0 10 5 0 5 10
F1
K5 15 & Hrb A R bk 224 5] Kl 6 T 7T X b 2 4 ol

Fig.5 Types of sandstones determined according to ) S
Fig.6 Provenance discrimination diagrams for study area

geochemical data from the Sifangtai Formation
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Table.3 Relative contents of major elements of sandstones from Kzs Formation sandstone in Liangjing Area

w w 4 w w w w w w w
FEfhgms  (Si0y (Fe,05™) (ALO3) (Ca®) (MgO) (MnO) (Na,0) (K,0) (TiOy) (P,05) LOI CIA
1% % 1% 1% 1% 1% % 1% 1% 1%

Q191-1 66.73 3.60 13.24 8.33 1.58 0.09 222 3.41 0.43 0.07 9.39 49
Q1912 70.57 2.17 13.06 6.52 1.31 0.06 2.54 3.16 0.46 0.10 7.53 52
Q191-3 80.94 1.59 9.51 1.98 0.64 0.03 1.82 3.19 0.18 0.05 2.44 58
Q191-4 63.64 6.48 16.32 4.41 2.65 0.04 1.77 3.37 0.66 0.07 9.64 63
Q191-5 73.18 2.14 11.84 5.81 1.08 0.05 2.40 2.63 0.46 0.22 6.82 52
Q191-6 78.01 2.07 11.14 2.37 0.78 0.03 1.99 3.13 0.28 0.06 3.40 60
Q191-7 80.91 1.59 8.70 3.55 0.57 0.04 1.55 2.78 0.17 0.06 3.87 52
Q191-8 69.72 4.07 14.33 3.63 2.16 0.04 2.03 3.02 0.61 0.08 8.23 62
Q191-9 75.12 2.41 12.90 2.56 1.41 0.02 2.39 2.50 0.46 0.07 5.49 63
Q191-10 74.42 2.42 12.01 4.07 1.25 0.05 2.52 2.59 0.45 0.08 6.52 57
Q191-11 71.79 2.69 13.25 4.90 1.43 0.05 245 2.66 0.50 0.12 7.24 57
QI91-12 71.80 2.81 13.25 437 1.54 0.06 233 3.06 0.51 0.11 7.90 58

R36-2 74.50 1.66 13.10 3.38 0.68 0.03 2.82 3.28 0.37 0.08 3.80 58

R36-3 73.12 2.31 12.60 3.45 1.06 0.05 2.40 4.45 0.31 0.08 5.03 55

R36-4 73.29 3.10 12.33 3.92 1.44 0.08 2.00 3.05 0.39 0.15 6.71 58

R36-5 63.26 453 16.87 6.27 227 0.10 2.13 3.48 0.65 0.09 10.71 59

R36-6 66.69 4.06 17.24 3.29 2.34 0.05 2.05 3.25 0.65 0.10 8.65 67
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Fig.7 The histograms of environmental geochemical index in redox zoning
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Table 4 The data of environmental geochemical index in redox zoning
W (FeO) W (Fe,03) W (TOC) W (4S) W (S*)
FEmgm's  ZREM Fe,05/FeQ
1% 1% /% /% 1%

Q191-1 0.87 3.04 0.11 0.075 0.044 3.49
Q191-4 AL 1.13 5.95 0.12 0.053 0.029 527
QI191-5 0.50 1.82 0.11 0.03 0.011 3.64
QI191-8 1.28 3.10 0.32 0.453 0.16 2.42
QI191-10 1.13 1.43 0.39 0.655 0.218 1.27
Q191-11 1.24 1.61 0.33 0.632 0.216 1.30
QI191-12 1.32 1.66 0.53 0.824 0.28 1.26
R36-5 1.31 3.58 0.47 0.947 0.048 2.73
R36-6 1.54 2.80 0.33 0.435 0.147 1.82




Q191-3 0.94 0.73 0.17 0.046 0.007 0.78

Q191-6 0.89 1.31 0.11 0.028 0.015 1.47
Q191-7 0.80 0.87 0.08 0.033 0.004 1.09
Q191-9 1.28 1.49 0.18 0.149 0.059 1.16
R36-1 0.76 0.41 0.08 0.015 0.005 0.54
R36-2 0.69 1.08 0.07 0.032 0.011 1.57
R36-3 0.70 1.80 0.12 0.048 0.016 2.57
R36-4 0.84 2.51 0.13 0.115 0.036 2.99

2.5 FKICHE R SR B it SABRKRFAE

AL G — AN KB N R K i, A77E AT 7K “Ah-A2-HE” 7K SO 2%
, NEREAH T REE TR (IARSE, 2017; RREEE, 2023). M RAKAOHMG
LA () AN 1) B R 5 2, RO R K ) T 1) A TR 2 A DX R 2 AR b
#5161 78 0 A M AR, RSO B AR AN S5 T TR — 8 MU I i 5 0K, it 2
B IS EANG o A I B S R T SR A S, T KR AR T AR AL R 1R
Fio AXHEM T NELEOFEAE K NE 20 E-fi] WS 80 W i () 2 e Al ik sl v at #h 5 3 At
FKIE, KAEEZAILL Ca-HCOs. CaNa-HCOs BUK AN E, JEMH FLEESFmMEK, iz Al
W& B Ca¥' HCOS? KR F Y], RPZX HAH R K SCHERM 1 5t (B f 3%,
2010; JFEEWISE, 2021; A%, 2004; HEFAESE, 2006; AL, 2001).

WX U7 & RS FE AT BT -2 5 U, (EA — R VA N 0 X
foh, BRSO R (] 8ad o FE TR FIHI KR (Nesbittetal., 1984) CIA-C Ht (4]
8b), C MR TR oM FERE, CIA RRERYPIE X A2 RA R FSREE . D07 & 4
A AL T R R R X, DL RO s KRR BE )y TR B 23 A i 7% T 446
WEERAIX I, D A A . SRk, DU & HRD A 4 TR T+ -8
TRAME, WD RT R, R ABACAE TR . T 5T R AR
B RUURUR A 2 DL, JF 5 T8 s R X A5 2 1 3R 20 A Ak, A )Tl e vk
TE T R S R K KR M A A HUB TR, IR REE @ T A TR B R ]
AT S AR B AR CEHIESE, 2007).
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Fig.8 Discrimination diagrams for climate conditions during the sedimentation of sandstones in the Sifangtai
Formation
8(a)#% Suttner and Dutta(1986), 7(b)# Nesbittetal (1984) . ¥: C=Y(Fe+Mn+Cr+Ni+V+Co)/ ¥ (Ca+Mg+Sr+Ba+K+Na),
CIA= Al,O4/ (Al,03+Ca0+Na,0+K,0) X100

2.6 B LR FRHE

B IS R X gt R R FL BRI R 0BT, E 32 LU TR R I B AR S . S
RN 225m ~710m, 79 BN 0.2m~3.56m, 5 58—y 300 API~1600API, H K1H
AT 7 X P AEE 1 Q119-2 H GR {HN 1747APL, V24 890API; H A5 KT S00API
ML 13 4. FECIIER 4 HAALAIYTENY )y & 4 R R BLah 5, A4S 1 ATkl
BILAD 3 ML (B 2D, WAERCRIIR . BAEFL S S DRI E . iba.
M E N, S0 RS T R FAREYIRG . SR RS FUR S, o Hoh A TR 7 X 76 7
I Q191 &L~ Tk A A L, “F-3 Fh AL 0.0226%, 75 JE B 2.40m, TR 542.05m~544.45m,
U EE RO E (B 4e), HA—wBEN, R IRIE IR Ak B 5 KR
g, TRBCA VR T G5 A HUIR MG AR AL o b T e e, 80, HEMARRKZ, “IR-i0-U8”
SERIRRE o
3. B BRI T5

3.1 B HER

P X DU T G 4H (Kas) DURRBN T HRIBAS B 1 AR IR T TR M 20 R R B
A, FEREERI-ERMAATRA R, DARRKE, BEERERER, “UR-Hb-TR”
gikifase s ER M SO AL IR 3 BOT AL X AR AR 2 3T, X2 T AN
LIt ZR R 2R /K AL B 18 R B R 2, AR &0 B 20007 6 A e k.
M S KIS B N DU T S 4K E R RS, IR & Z R E- . FR, A
O WRMWIESR SRR LIEH . RBINER IR B ST @G b 5 & a0 & 20K
R A IR SRR, 78 S I S R BRI A USRS e (¥ U, b im i s 4 (B 9)



GEMTFFEE, 20215 FREESE, 20200 EARIH KR FRERSERAAE A T RNER S E, f
AT T AT

BEAN, BHAE A 2 5 AT R B I B INCOE AR, At — 20 W 4R, b AR R 2%
CEEFRIRAR, 2021 MRS IS UK KIRFEHEN, o0 FIT8 B ™ 4 it — b S e s,
AT R AR RIS 5 RIS PR A8 AR 3 BRI Aty SRR 1) H R RMAABEN, R RE X FLITTE
BT BE ASEAT BN cioE, AR B TR R, e R UGRERE, X LY
WREBIGRAER GBOFR4E, 2021),

SN, BETEIX COR B & AT LA 2 AR AR B B, 00 “ AL — K IRTTAR
EIEM R SWE BIURE A A B iles s ivhid s, EKESRKELZR: &
S SRR E AR KR IE M, A AT R R, TR B RETR T, IFEIX
WEA —ERELEYE, W S22 RIS HI R . DL, P X DY 7 5 4R Rl sy A
KEZNZ A AR

Q191 R26 R36 ——NNE

K.m+0Q Ean¥g

iy

i) et

——— ettt o T~

et +~+_+~+~+":_+-‘*”+

B st
gttt ™

] [=] [=

D o OO e . =

7] e o 2 [ e [=¢ s

+~+

PO FA T F it i A P M X A0 5 TRl By AR Y (X 554, 2021 230
Fig. 9 Prediction model of sandstone-type uranium mineralization in Liangjing area of the southern Songliao
Basin (modified after Zhao et al.,2021)
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