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Abstract: This paper is the result of mineral exploration engineering.
[Objective] The study of uranium metallogenic conditions of Sifangtai Formation in the hinterland of Songliao basin is
relatively weak. [Methods] Through comprehensive analysis of core, logging, seismic, trace and other data, the tectonics,
stratigraphy and transformation of Sifangtai Formation in Qian’an area has been sorted and it is the first time to systematically
summarize the uranium metallogenic elements of sandstone-type uranium deposits in the the hinterland of Songliao Basin.
[Results]lt shows that Sifangtai Formation in Qian‘an area has favorable metallogenic conditions such as structural window, deep
and large faults, braided river delta channel sand belts, good uranium source conditions and epigenetic transformation. It is
considered that Sifangtai formation has both infiltration and exudative uranium metallogenic conditions, and exudative
metallogeny is dominant. Based on these facts, the exudation-infiltration coupling Uranium metallogenic model of Sifangtai

Formation in Qian'an area, Centrel Songliao Basin, has been constructed. Finally, it is proposed that the braided river to braided
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river plain channel sand in Rangzhi-Chaganhua Town has great uranium metallogenic potential, which as been predicted to be
the most favorable object for further exploration. [Conclusions]This study is the first to introduce exudative metallogeny into the
systematic evaluation of uranium mineralization conditions in Sifangtai Formations of the Songliao Basin, changing the previous
single approach of evaluating the target layer from the perspective of infiltration metallogeny. It can effectively expand the
exploration thinking of the red variegated formations in the hinterland of the basin, thereby greatly expanding the prospecting
range in the Songliao Basin.

Key words: sandstone-type uranium deposit, metallogenic conditions, Sifangtai Formation, mineral prospecting in the hinterland
basin, Songliao Basin, mineral exploration engineering

Highlights: The research is the first time to systematically review the mineralization conditions and potential of Sandstone type
Uranium deposit in the Sifangtai Formation of the Qian'an area in the central Songliao Basin from the perspectives of infiltration
and infiltration metallogy. By establishing Uranium metallogenic model coupled with infiltration and exfiltration of the Sifangtai
Formation in the Qian'an area, Songliao Basin hinterland, it has expanded the exploration ideas for the red variegated formation
in the hinterland of Songliao Basin.
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1995). 1% ik B 2 R R IR AR AR H bR B A UG R (5K 47, 2016), Al UH
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B P 41 2 AN K BT PRI R AT S B BITE S (E 22 4%, 2009; FHE K5, 2018; 414, 2020;
HRIRSE, 2021). BEAE DA BUEFRA SEER M RFSLIR N, S ML ZK BB N ™ v A 2T I
Pk, FUARAE AR tn 22 IEACIR A A i Bl R (L 5%, 2003; 1A%, 2020)“ PR — K7
BRSO PR B (5 05 55, 2018) “ANERIR-EE iR KW HI R = (T8 55, 2018). WX FES
Z [ I BRI 2R 55— R AR 1) R (25 1 5, 2021). — 28238 MANIR] A FE T IX 26
filt il AT 7 S MRS, Wi R T R AT E R R IR (5 T R, 2018). kKD
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TSRS ARIEFEEE . S ML SEE O S s BER IEAT T RS 45 (BT 5,
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45 2014; S E %%, 2017, TS, 2018; BXIBARLE, 2018), ZELIRN THIINE J5 % A L Hh
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T SRR ARCAENT P CRIE, 2010), (ERFRIX RICNAREEER Y (BRBZESRD LR
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W 1 B 2 (U5 4 —HKAD B AR E (B 1-¢0, LA IiBE AV 200
WA K E BRI — AR IS €8 5 DU (KBRS 5, 2017), eI LD H— B
BT A — — Bt A )R = R K e o Rl 9 B (i DU ) (56 )5 5%, 2009; TIAE & 4§, 2021),
XL R IR S N AT BE AR RN VR (T T B, 2018). M AMEEFE EF, MR E B LR
A 1 AR S 2SR T R PRI, (B L) R AR = IR BRI S DO YR FHEAR = T R 5 4 (Wang
et al., 2013; F355%, 2016). A CHE LWL G4, HyTR T RN E 21 1) s — X
FHEFFAET2E54, HAEUTR. R#CONT(Wang etal., 2013), H—EL & AR )E i
. HArX Mg At 2 2 gonn R RAE S, (EMRX R A T 64, M
THEEE (K 1-b).
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Fig.1 Comprehensive information map of Qian‘'an area in Songliao Basin
(a) Tectonic unit division of Songliao basin (after Hou Qijun et al., 2009; Feng et al., 2010) and location of Qian‘an area; (b) Overlay
map of pre-Quaternary geology and structural unit division of depression in the study area; (c) SE geological profile in the study area,

refer to A-A' in Fig.b for its location
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2013) o FA 1L 7 ANEE B KA 3 ()T F 5 W 11 S A DK 1y, 356 1 248 42 78 [ 72 (1) 95Ma., 77.7Ma.
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Fig.2 Stratigraphic architecture and tectonic window in Qian‘an area of Songliao Basin(See the purple
solid line in Fig.1b for the seismic profile location)
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Fig.3 Plane and three-dimensional view of structural window of Sifangtai Formation, Qian'an area of
Songliao Basin
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Bom, WREIEL, 281.8m; (1) RGNS ZBANRb S, I EHI R ERIE, 305m; () KEpdiibs, WARRERE, 310m;
() oA A, 345, 6m; (1) KHEEh, I EARIRS, 397.5m; (m) KIEERPHRE, 405. In; (n) KEHERHDEE
RALORY S, W TR, 2R, RYUIREE, 420m; (o) RGN LIeE, WEREZREMEYN 4514, 492.66m: (p)
KREFAIE, WEABRMIEG, 492.2n; (o) KEFTEZHAHE, 501n; () KEFDE, WEHEHZEH, 504.3m; (s)#
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Fig.5 Sedimentary facies analysis of well W3 in Qian‘an area of Songliao Basin

(a)A large amount of carbon-chips can be seen along bedding of light gray green fine sandstone, but some plant debris, see fiber
structure, is not completely carbonized, 137.3m; (b)Grayish green conglomerate composed of quartz and feldspar gravel, 167.55m;
(c)Light yellow gravelly coarse sandstone with brown yellow oxidation spots, 173.1m; (d) Gray bottom conglomerate, rich in carbon
chips and pyrite andno oxidation and uranium anomaly, 178m; (e)Greenish grey lacustrine mudstone, 218.8m; (f)Grayish conglomerate,
224.15m; (g)Grey lacustrine mudstone,270m; (h)Gray coarse sandstone with high maturity and extremely loose composition, 281.8m;
(i)Gray fine sandstone, with small cross bedding and many charcoal along the bedding plane, 305m; (j)Gray medium fine sandstone with
large amount of carbon chips, 310m; (k)Snail fossils in mudstone, 345.6m; (I)Grayish yellow bottom oxidized conglomerate, 397.5m;
(m)Grayish yellow sandy conglomerate, 405.01m; (n)The grayish green sandstone is wrapped with light red sandstone, and their
boundary is blurry. They are in contact with harbor-shape or disseminated outline. (0)Dark gray mineralized mudstone, with many carbon
chips and pyrite nodules,492.65m; (p)Dark grey mineralized mudstone, see gravity deformation structure, 492.2m; (q)Gray parallel
bedding fine sandstone, 501m; (r)Gray medium sandstone with collapse deformation bedding, 504.3m; (s)Maroon mudstone with white
calcareous nodules, 506.55m; (t) The grayish green sandstone wrapped by maroon sandstone, whose boundary is harbor-shape. The

grayish green fading edge can be seen at the edge of maroon mud gravel in some areas, 532.4m.
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Fig.6 Sand body along provenance direction of Sifangtai Formation, Qian'an area of Songliao Basin(See the

black solid line in Fig.1b for the profile location)
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Fig.7 Sand body thickness and sedimentary facies of Sifangtai formation, Qian‘an area of Songliao Basin
(a) 977 & HAM RS (b) PUJ7 & AT K

(a)Sand body thickness map of Sifangtai Formation; (b) Sedimentary facies map of Sifangtai Formation

3.3 B

B SEARAE b BB RV 0 PR () B B AR A (T - S, 2006; 5K R4, 2016; ik
iR, 2018). WFFLIXAL T i, G B A G IR, AR AR A

WX W3 FLI T S AR R i kI, D97 & A4kt AR B S B 1.69 X
10°~362X10° 2 i) (£ 1), FEFZERE K. ARGEHIMRTTRM S REZERI R ZHKEG
YRLTARAN & 4.85X10°~43.7X10°, MRIFES (S21-063) Wik 362X10°; K&K
2,06 X10°~11.04X 10°; 2L iALIREA TR 1.69X10°~2.86 X107, Yol Kb a4k
DURA 5 %2 Ja BAR SR A i et , A m] MR ERAIG VTR S R & &, X K 4Rt
S B R E T HE A& (2.8X10°%), FHAX AR PR A Sl B .

R 1 TR X P Ty GALVRE RS Al BE R L

Tab.1 Uranium, thorium and Th/U of mudstone and siltstone in Sifangtai formation, well W3 in Qian‘an area of
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Songliao Basin

FE i 5 HEIm Pt u/10°® Th/10°® Th/U

HQ31-80 37335  RUUMRESE 5.05 12.70 2.51
HQ31-78 390.75 KUK RYEE 26.00 11.80 0.45
HQ31-77 39340  REOMIE 2.06 9.97 4.84
HQ31-75 402.65  WEARE 2.19 12.10 5.53
HQ31-69 411.85  REEWIE 5.46 8.59 1.57
HQ31-66 421.65  RLAEMEDE 1.69 6.88 4.07
HQ31-61 433.00 KEBMEE 2.79 14.80 5.30
HQ31-48 460.25  HIKEMEDE 2.34 11.20 4.79
HQ31-47 461.10  KLLEMEDE 2.86 12.80 4.48
HQ31-46 462.95  FREMIRTEE 7.92 14.30 1.81
HQ31-42 46755  KGEMTE 11.40 9.69 0.85
HQ31-132 468.00  KEMHIDE 6.46 16.30 2.52
HQ31-38 47460  REENEDE 3.24 18.80 5.80
S21-59 491.05  RIKBRAE 43.70 15.60 0.36
$21-60 49165  KEGATG RIS 8.01 15.40 1.92
HQ31-30 491.70  HIRBRE 10.20 17.20 1.69
S21-61 49175  HIROPRHE 20.50 15.30 0.75
$21-62 49185  HIKMPEHE 36.20 15.70 0.43
S21-63 491.95  RIKBRAE 362.00 15.30 0.04
S21-64 492.05  RIKBRAE 27.00 15.00 0.56
HQ31-29 49215  HIRBRE 20.60 15.00 0.73
HQ31-28 49225  RBeH 7.35 15.10 2.05
HQ31-23 501.75  KEEWRIEM S 4.85 43.80 9.03

FE W B b 5 SR B T 58 20 4 R 7 ol ik . (The samples were tested by Analytical Laboratory Beijing Research
Institute of Uranium Geology.)

72 X W3 R DU T & ALRD 5 1) 35 SR RO S0 BT 22 W, 10 2 (0Bl 5 1.69 X 10°°~41.60
X10° (% 2), W& THIFE K AR A& 1.5X10° (k7 B4, 2006; HikEARSE, 2017); 2k
HUL BRI E PR (144, 3E 24 AP 4 S 3.37X10°-41.60X 10°, i 157573
1H 2.8X10°, KIIIUJT GRbA A SAAvIMGal w5, Aok, it (24, £2)
MIRbAR) ThIU BERT 4.2, HIRERS (OKIEIE, HQ31-84; K MLSKBEHLIRANND 7,
HQ31-49; KZxtautllidbs HQ31-40 55%) M At dil s W S ) Jo A IO R il SR HHERT
WHFEIX N Z 80 a B WS AT AFAE . YONFe 2 X Y7 & A Sl (D %A R
bf,  ELH s SIS A AR B AR R A

® 2 MILEHEZZ X DYy A E gl LR

Tab.2 Uranium, thorium and Th/U of sandstone in Sifangtai formation, well W3 in Qian‘an area of Songliao Basin

FE b i 5 REE/m = uno* Th/10° Thiu

HQ31-84 354.60 RN 7 2.72 13.60 5.0
HQ31-83 361.10 Y RER s 4.80 11.80 2.5
$21-048 371.50 IR Y 5.92 21.80 3.7
HQ31-81 373.15 IREKARS 5 5.07 3.62 0.7
$21-049 383.15 RIKE A 1.98 6.29 3.2
$21-50 394.90 IR RS 1.37 6.23 45
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HQ31-71 406.90 YREK e 1.82 10.80 5.9

HQ31-70 410.95 IR 8.44 9.14 1.1
HQ31-65 423.00 ARER s 3.37 11.60 3.4
HQ31-62 428.60 IR 41.60 9.95 0.2
HQ31-133 429.75 IR 28.60 10.60 0.4
HQ31-134 431.50 IR A 5.14 15.90 3.1
HQ31-55 444.00 IR 3.37 13.40 4.0
HQ31-49 459.65 IR LR HUIR AN & 3.11 21.10 6.8
HQ31-40 470.30 YRS=N ik 2.03 14.90 7.3
HQ31-36 483.75 IR 3.75 27.80 7.4
HQ31-35 485.35 IR BN A 431 45.00 10.4
HQ31-25 496.35 IR 2.58 12.60 4.9
HQ31-23 501.75 RO EM & 485 43.80 9.0
HQ31-13 516.50 RGN & 2.22 17.80 8.0
HQ31-12 522.80 IR & 2.04 14.80 7.3
HQ31-10 534.70 IREETR BN 1.69 12.40 7.3
HQ31-06 542.00 HERARCERA ey 2.01 12.40 6.2
HQ31-04 544.50 KB 3.79 32.10 8.5

FE & EAZ D AL SRR F 72 e 40 B s 7 Froe ik . (The samples were tested by Analytical Laboratory Beijing Research

Institute of Uranium Geology.)

3.4 FAHUE

W FEIX U7 5 4 A e ml o i A2 SRS Ja 2R SR P AR SR J5 A A E R BN &
BRANAD 5 2 T WAR B8 (AN A (1 8-a) . Wbk Rk 2 IS B (s B 2k . ([
8-b). JE AL IR BiiE RPN AR S 5 KRGS A TR AR e fi (& 8-c &1 8-F)
IREFAARANND o 2 T WAB LR A B AR (B 8-dD . ZL kb s J2 1 AR o (0 5% B il
ALY (K 8-e). LU URri A WARGR AR (T (B 8-d) &5, Jyil AR ERIE SRR
ARML O EIEETE K. 5150, W3 HDUTT & 413 ) ERIL BRI G t, KEawbA
R a il s Atiea EERIEE (B 5, HEMX NI G AR5 4k 5 ek
EHERE

8 AAIL A bz 2 X W3 LI T & 45 A O A AE
() AR, JEH B EASISI AL, 313.8m; (b) RIFEOTTRE, SR 1L, 405. Im; (o) REKERSHh Bk
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CRbE, PR, RASIRIE M, DI SRR, I R A AL L0 R i A SR R AR (o IR SR b, 420m;
(d) ARG CRRANTD 2 J2 T AR AL JR A AR B, kB I AR S 5 R AR IR G (2 ) AR 1 5, TE W R 58 73 2K, 510m;
(o) R ZL ARy 02 T R T A AR AL, 523, 4m;  (6) WBLLORDE TR MM E KRG ORR R, KEE 5B AE R
ARy RGUIRAKI e, BRI G ERD SR WAKGR AR (30 0 FORIR B AL (A Y8 BF, 532. 4m
Fig.8 Epigenetic transformation of Sifangtai formation in well W3, Qian'an area of Songliao Basin

(a)Gray fine sandstone with brownish yellow uneven oxidation, 313.8m; (b)Grayish yellow sandy conglomerate with strongly
limonitization,405.1m; (c)The grayish green sandstone is wrapped with light red sandstone, and their boundary is blurry. They are in
contact with harbor-shape or disseminated outline. It is proposed that the primary oxidized red sandstone is faded into grayish green
sandstone by reducing fluids such as oil and gas, 420m. (d)The grayish green very fine sandstone with brown-red primary oxidation
residues, and there is no obvious abrupt boundary but a gradual transition between the residual primary oxidation color and the epigenetic
reduced grayish green,510m; (e)Dark red fine siltstone with residual oil oxides,523.4m; (f)The grayish green sandstone, wrapped by

brown-red sandstone, can be seen grayish green fading edge at the edge of brown-red mud gravel in some areas, 532.4m.

3.5 BUHERF 5 (AR

X A Z ALY 75 6 20 W BCH Al S (B 9. [ 10D, IR Se U 1 e B T
540~785m ANEERIHSIE S T B T B Z R A il sle s dr, IR Se U S )
HAWEZZr=HRE (B 9), P o Serui i 5o FLAE Hh 4 A 76 K04 V] B = iy it A
TR0 A (R0 9H A0 R0 R - KIF BUE FIR ORI . & TR KW 240 (& 10D,

WEFEIX N B AT Ul T AR B S 2l FLIS 3R R T B I B AR AE: W3 F Y
T G HE R = AN ) = AN AT Sk T AR R, DURSRRD L IR EORD
Je il BRI . O EBONEIE, H 468.4m~468.8m S B A NG IR (e SR ZH D
2 B, AW BHERE, JUREME 0.4m, BRI MAL 0.61X10™; 493.5m~493.7m
W ALBORR IR IR TS 2, B 0.2m, W R T 246 X107, 72 FK4i&E 0.11kg/m’
(E5). W191l H U7 S HZERE “KE> JFELARY) BaVe” FHE, W A
FERIRIA] = A N S50 SO I B UURR 2 1 TRl T8 FE 3R A s Bl R 32 BN TR IR (6P AT )2 B
b, WEBBHEN, & 5%KZR. RORKIE, Rl kL a8k, Mss,
Hws, 542.05-544.45m (IR ERE 2.40m, FEFHEISAL 2.2634 X107, BE VKA E
1.09kg/m*(7k A7 4%, 2018).
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Fig.9 Radioactive anomaly characteristics of oil holes in Sifangtai formation, Qian'an area of Songliao Basin

(Radioactivity information of W191 is after Zhang Sen et al., 2018)

Hit

L]
B (] DN L] [~Z] [0]
KOs ghA W —RMERR RWERE RRNR BUERE AL
Changling Oiland gas ~ First-order  Second-order Abnormal radio-
depression  fields boundary  boundary Deep fault ;ctive borehole

[ 10 FA3L 22 iz 22 X DY U7 & RSO PR e o LA A Gl R B S 4, 2004)
Fig.10 Distribution of radioactive abnormal holes in K,s and K,n®°, Qian‘an area of Songliao Basin

(The oil field is after Zhang et al., 2004)
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4 W75 G AMBE 5T R

4.1 BB XG0

W X AL TG KB B R TR R (B 2). i RUZ s R 20 )5 G 40 — T
BV 2 R E, REBARKRHE (1636 km?, 8 3). KWfa&#E (KT 44.5Ma).
8 AR RS RIRFE, XK KIGIN T 92 2R 18 R B R NS NS A N DU 77 & 2R A A%
W VEF R AT REME o X I VO 5 & AR Tos AN LI 2 R B IR TR -BERIT = F i S5 A 35 A1
bR (5. B 6. B 7D, I X NP EA 2 /MEIE I 7 A SR R KR (E 2.
K 4), [EEXNITGHEECREIBNRE B&AT “H—E—H" kR, ZEEINTE
YN E BRI A R (R 103K 2), HIKIR BRbA (HQ31-84) . Bk BEHUIR Alib A (HQ31-49)
AR E (K 8-a. K 8-b) AEMHENHITEH (ThU KT 4.2, % 2), JEFEKH
BNH e E S 22 X DU 5 G 4 KRR AEAE -

4.2 BB &

W FLIX A K 417 e LT 4 R R I 2 5 B AR RSO P e i B (R | R3R BN F
F¥R.. & 3), MIXFENNFAEMAEEH IS KBRS, WRIFMEREE. 46
W3 FLIFE K e 4l & B 20X 10°~362 X 10°, B T Ye & (362X 10°, % 1. & 12),
[T B A MR R K e« B ERIE I R A M, WA R X B i EZ N AEE 8l
JEVR A B BTERRIRA P 32 B MILT S IR PR T XA AE BB A L2 5 FER BBt A
BT R T30 R T s T i A AR A 2 PSS S IR, IR =R & & 2 A LR fe
B, o T5WMELEE THAL RERA NS SN E MRS R+, B 2R
IR, BAT IR FEIAES, (Hil T ANURER, 45 2 2 BRI A FIEH (5K T R, 2018),
RIRE GRS B g ae 7. TR XU 6l AR T AE g 4., B EA
EagH B AW BE RS, WA RS S RIS B 45A N R A R R
VR BN D A R PR AR A (5K T B, 2018) AR, HEWriZ 22X VU7 G4y FEEZL
BEREE MG, RIn] RERAE 2 BT .
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Fig.11 Deep radioactive abnormal section in well 417, Songliao Basin
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Tab.3 Statistics of radioactive abnormal section in borehole 417, Songliao Basin

E5 JE B m TEJEIm GRF¥J{H/API g
1 14.15 1363.05-1377.20 4835 WOMmTE . IRKORE
2 11.75 1388.625-1400.375 472.8 IR A
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Fig.12 Uranium-rich formation section in well W3, in Qian'an area of Songliao Basin
The sample number and uranium content are the same as those in Tab.1

WAL AR KRG R, IR KW R Wi &, Wia B, WeRsbl s
T CHFEZGNT - S EHA. EAESE L OB AD) FERREIE . SR TRl
VIR, A SRR RS B REY) (K2, B 3. B 4). RIS = AIRES A #e
1) E A EE R AL (T T R, 2018; 25134, 2021), X LLyR WAL E va iR E Al iE S vk
AT B A H bR E RIS, SRRy H AR R U7 & AR B IR BN T RE . DY 7 54
JEEH Tos MEGHIERE , NG Z ERIFRIRI-ERRI = A Mab i, Bo-GR MR 3 1
BR R, =3B TR R 8] B R IR 35 T I AIs 72 1 B TE AR &

MEIERIE B, TRRARMREIERI X R, HisEHN “ R EL” N
FREHAMEE: FHRE B, AT ARG B SN, BN —ERKE
i, T EEg OUHRRRA. BhFRA. W E4D BiEA—BEAAHEE: NFRXR
FEEE, W a4 NSt Az Bk E AR EE, Ml ad4N 8T, R
PAE(Wang et al., 2013; F 354, 2016)454F_E AT 2 (r g did (B 9).

WHFCIX Y75 5 2O S A il LR BR A e AU [T B = Ztyid ooy (81100, B
AASE T a I F b T AR 5 K ) I B ——— I TR o (B 2 0 5%, 2009) 22 _Fo - IBiT e PR o il 2 i
CFAZSGRIE) KE, Wbz Ehdiaaads (F—&. W— —BRER I8z
AT o X LR B B TP B A AR IS TR MR AL B BT S A WL S
ILHI(EKTT R, 2018) T8 Bk & & i A i . X SR ES R R At — 2D AR AR R
HWFFEX A NER Y e R R (B2, K 4) BB R EFEAIFE M. 5wt
TR, BFFTIX 2 DUORAEAE 72.3-70.8. 51.3-40.5. 37.5-34.7Ma % % /b = IR #H <
T (F P4, 2008) , RIIX PN 2 /EAE = HIDL BRI , TRES & fm i T
BE A e rh 3 — IR LR T 9T X 32 ) A SO RE MR R K S e b o Ol & B 2 i T IR AR AL 6
WiE (R 20, ARSI E S A iR = Gl “ PR S B iRz 7% 1
e IE A R iR 2 HARE U7 & A BN 5 A0 5D A & B R BREdE . S34h, D007
G IO 1 i e ) 2 B R A (B 9O, 5 & AR AT R BB R IR 2 2
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Po IR AESRAL (27 idE, 2022), FIRERIXEEIRM E Mk Ie B Mt iic R . 2R
“ORPRAKIH R B AV AL DY 7 6 4L B D A BRI BR IR G5 6 *Cope (I 4% ST TS R
BAENGRAER &R EE T T, 2021)” 4588 5B M Ah = FL 1 2= ) e
AR - R RE TR R TR KT R UM c (B 100, HEMNAT 7 X Y
J7 65 LTSS S % (17 A1 AT RE 52 21 AT IR R W 00 T8 (1R 0 s b il s i R P« 45 5
FOXAA N G HG R RS SIS HR T R W R+ Tog XA T+ PR
=PRI SCRERMAR” # R R S MR IEIE . “ K LD ik, W R AR R
1 2 BORH R AE R A RS, BIUTT & A v e AR BBl & SRR IA B Tl
anfr (FRARSE, 2018), AN TE N DUTT & A S A AR RIS R R RIS R . R B T Y
HMH

4.3 TZ X DUTT & H e

FAIL T iz 22 M X VYT 65 21 RN R 808 AR PR Bl A S« BT S IX K 22 2%
DR G, A E g S HAR R Z AR R (2. 3. K40, HIU a4
JHB Tos XIANIE G 2 I 2 MG R 0 TR R BRI - PRI = f b i (Il 7D,
IR W+ AN EE G+ R+ R T TR Y 5 65 AR E 1OV R A BB AR 2 XN R A28 R
B SRR TR (5. B 8), nz W3 FL. AilifLaE ) bW 2 R4l s AL Bl sy
MR (K5, B9, ZaRIIXNINTGHARE R IIBZE. ZERNTT 64
W2 AR IE R B B I T R R B BT Top SRR AR AEWT,  JLIAI Wi FRATIA 455 Ma),
HBFFEIX s W3 LIy G 4% 7 R e AR (B 8). ISt a - HURAN D =
AFEWL S BT AR IR, X NAFAESRRIB NS SR AT, X PN BB A 1 SRR B LA
S B GBS A1 L ™, HBARENE Ml . AR TR
IR R e X P 7 & 4B M- NS B R0 (] 13): IR KR 7R 2
SRR G AN b ST AR G, R B IR )RR A i B T SR A
JEH IS SES) 1R A N Al R R (G ki s 2 W) iz £ AR, £ HR
JEVUTT 6 HAR SRR RS RS IEIE (Tog AN RED . FRIRTRIIAD IRTHZ 22 RS 1) BF 58 X AR
VoG R E TR (R L) 1888, BRIV G R EE N BRE i, RS
P S B ARSI B ER L A0 B R R EAR, S0 R P i il s 380 R s i
BNBE AR R H s R hn S BT RS R EE S N iR e ik (1 S AR,
M2 AR AMEA R B R G ) 2 ok han . B h i s s g mdtey, L
XA R B DT K. 2 E R, AR AR SR 75 -2 ARGl
P 22 3t 5 R w2 22 3 X DU 7 & Lk el 1 R R 3B N BRI R fERI 2 5, JF
ANBRT I PR R L 2RI R A, RIS B NIRRT 1 F AT ZEAS R B B BOSZ R
A B[R] — T B B A R A2 e T3 4h, 7 BT TR W A R T AT REAE AN R A i B H 2 AN
)RR AR s RIS B B, 3 22 A0 38 R PRI R RE PR ERH TH BROE LA s A2 AL 54
TR T3 TR TAEIB B B, R 8 MR Dy & Bl UK AN B 1 o VIR R R 2R 5 5 18
V075 B AL XK EON— 2R A, WA NI AR I i 3 1 20 RO (1 G BE DR 208 H AR =
A By SRR TG, 75 EEAMBIR AL R A3 5 DA 78 Hd Jir 7 itk i e a3t o A B S AL A
H S EE T (R A A TOUE (BEFRIRAE, 2018) , TR FTIX P T2 BT fh 75 R VAT F A 02 S I
Tt Bl SR A A AR A T AV HH R A1 BE S IR BTSSR PR AR IR 2128 €0 3 P sk
17 R DB e 5 PR 3% s 7 2 08 UG Y S o7 4 T P2 ol B K )3 Bt — S e ot T e 2 4 )
VIR E SR CETREE, 2022), 1AL AR Rt A B 1 HURA S AL BRSNS AR
AR R AW A G TR BCE R S 9 3 SR - S A et T (e BE gl O VTAR & . #e il

17/25



MBI FEIE A, e EE N RITR AR IS Hh A A ST B A S  ™ shER AL 22 2 A F
IR BLAR BT, SRR T B A A A R B DOTE S AR R A B R AL
WEFEIX U7 & LU P 5 o S v AR A AR AL AR v ™ st e I AR - 2 T IO “ Heiilig
NUARMIER EIE AR B SIS (8 5 A B ™ o 8 LTI R B V8 N B R i
BRI AV A i A A el X3k (] 13D
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Fig.13 Uranium metallogenic model coupled with infiltration and exfiltration of Sifangtai Formation, Qian‘an
area of Songliao Basin

4.4 W T W

S XN IERE . W U TTRRRAR A . Uk AL Tl A U5 &
YRR S B 256, HARTZ 2 X DU G412 H-B ARG AR 0 (& 13), &
WHTLZE IR B —ik PR R — AT W i A e 2 X AR B 2
BEXINARR (B 14): 23X W5 & 41008 ERARH LG R E IR a s, kB
JSCH LA A S Y R S 17 5 RS 2 DXL PERRRT [ DR = A P B PR = ST
5 B = AN AT SO S AR A R AL B, R s BT R KA R 3 B (G RO g,
2020); Mz XAHz L RHRE T BETHFRAMREKE (B2, K3, B4 K10, X
L 2RV R B A, A A ERIRE R R DT B HIRFARE . R RIS RE,
PRS- iR e BB . B, EHREAR (T, 2022). XX IR I
FHABA SR B —ib Py —a T W U5 & 4T RER EB Nk
AR ERIS AR SIC AL, 23 DCs SR AT DT G AUk s fL (&1 10, 1 14) &
AN HAZIX ER B3R AT 5t [R5 R 20U 05 & 4R ER /N T 1000m (B 3. [ 14), 584
FEE HRTRD & RGP IR B ZER SR G VORI P — B T W DU 5 & AL IR —
WALV IR Y BAT R S R A R v 71, WA AR AR T — 2B B R A 5 s X
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Fig.14 Prediction of favorable areas of Sifangtai formation in Qian'an area of Songliao Basin

The contour line of Shahezi Formation source rocks and large faults are after Ge Rongfeng et al. (2019)

(1> Wi 1 V5 & 42 Gt st b 5 R G A B AR R 6L, sz 28 X DU7 G A A
R R« R FRIRT = F i RD | R4 i Z R % A 5 5 2 s S5 Al ™ 2%
s

(2) FAL b sz 22 X DU 7 & AL R BB ANIE H PUR A B 2 1 TR
fid. Vil E IS S HARE Z R R+ ARG+ AR RS R E A R HO R
G MG TG RAE B LR 7R 2 Bl s SR B OO P 5 8 AT RS S 261, RIS 3=
A PRGSO (8] B ER R LIS R BT A TR 5 - S BEHCIR AR 5 A7 A8 W] R AT 54
ARBNFAE, M RS AR BRI TR FEIX Y75 & HE K A8 /1

(3) Rt 7RI G R 22 X DY 5 & B B AR S Al R B, FRARIE N
AR ERIE H AR S A 2 e 22 X DY 75 & s R B R R IX, SR ik 58—
TAE— 1 DU 75 G AL ERIR T PRI T SR 0TS AT A 9 S 8 — 20 B R 0 B X AR e
WE;
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(4) PZHETCE DS A S A VRA 51N BIRA TL G Hh AL 2% 3 Bl 1 2 AR )
ARGV, B T UAE B A AEPPA B AR R — 0 B, A ROh A It 202
I HE PRI P i Bua s e SRS A T T RPN 2 S LE () R Vs Wi E e TS T
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