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Abstract: This paper is the result of geological survey engineering.

[Objective] The 5th member of Nenjiang Formation, along with Sifangtai Formation and Mingshui Formation at the southern
Dagqing placanticline of the northern Songliao Basin, has been identified in recent years as important uranium—bearing stratigraphic
units. However, the absence of comprehensive studies on provenance evolution has severely hindered further understanding of both
palaeogeographic conditions and uranium mineralization mechanisms in this region. [Methods] In this study, we conducted
LA-ICP-MS dating of detrital zircons and compared the results with the ages of surrounding rock masses collected around the basin.
Integrated the sandstone composition and heavy minerals characteristics, we comprehensively analyzed the provenance evolution
from the 5Sth member of Nenjiang Formation to Mingshui Formation. [Results] The detrital zircon ages exhibit age ranges across the
formations: (1) The 5th member of Nenjiang Formation displays three predominant age ranges: 2994—1765 Ma, 281-281 Ma, and
125—79 Ma. (2) Sifangtai Formation exhibits four characteristic age ranges: 2797—1739 Ma, 462—455 Ma, 296—174 Ma, and 125-79
Ma. (3) Mingshui Formation shows three distinct age ranges: 2448—1792 Ma, 237-220 Ma, and 117-87 Ma. [Conclusions] The
provenance of the Sth member of Nenjiang Formation was primarily derived from the Zhangguangcai Range, along with the Jihei
area to the east and the Liaoyuan area to the southeast of the Songliao Basin. Additionally, the eastern Lesser Xing’an Mountains to
the northern Songliao Basin began contributing sediments to Sifangtai Formation. The provenance of Mingshui Formation was
mainly sourced from the Zhangguangcai Range and the eastern Lesser Xing’an Mountains. The findings provide important insights

for reconstructing Late Cretaceous paleogeography and understanding the tectonic evolution of Daqing placanticline.

Key words: sandstone—type uranium deposits; sedimentary basin; provenance analysis; detrital zircon U-Pb dating; 5th member of
Nenjiang Formation; Sifangtai Formation; Mingshui Formation; geological survey engineering; southern Daqing placanticline
Highlights: (1) The age of detrital zircons can generally be divided into three main age sections of the late Early Cretaceous—Late
Cretaceous, Early Jurassic—Triassic and Precambrian; (2) The Late Cretaceous strata at the southern of the Daqing placanticline in
the northern Songliao Basin developed a sedimentary source system dominated by the eastern part of the basin.
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Table 1 Age distribution of detrital zircons from sandstone samples in the study area

- T U Ma %2/ Ma T fE/Ma 35V (E/Ma
2 3 4 1 2 3 1 2 3 4
ZKMX06—-GS1 2448~87 2448~1792 237~220  117~87 1836 226 111 2047
ZKMX06—-GS2 2797~79 2797~1739  462~455  296~174  125~79 1820 229 88 2166 459 245 174
ZKMX06—-GS3 2994~79 2994~1765 281~178  125~79 1863 207 88 2397 259 224
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B, ILAb, 443 Ma 5 489 Ma W5 WA B 45 41 1]
AR A TR 5K A0 (RE 45, 2009; Wu et
al., 2011) o /N2%22 04 b X R T AL HE 82 11 320~280
Ma FIAERSIE(E (Wu et al., 2002; #XBE4C4E, 2015)7E
FE TR B AR 10 5%, 2 W A R T 2 B
Y5 X 0 B bR
5.1.2 W7 & MRy

AR ER b X, 93~123 Ma FIL J5 b AL 45358

jtg 125 Ma ZE 43 ARG sl s 5 0007 65 2 e 1
T — B S e B B A AR S B e B A —
(PNEETRAE, 2008; PFC K, 2008) . D5 & 4l Rk
M — = F B A A B 296~201 Ma, I HAF
TE 198~174 Ma (85 A 4F IS o 38 X) Fhml %0, 5k
A 240~200 Ma FYAERBIEAE (Wu et al., 2002, 2004,
2011) SFE SR AR IS Be W) A, 7 PR AR b X R T YA
A BARTE AR I B N A KIETAUA AR I B8, (0 2
i 290~260 Ma I3 A4 A (TR IGEIE S, 2005; Liu et
al., 2010), $57~ T 7 JAZR 0 b DX FIAL Y6 s DX AE L s
Gl 5 L7 Y N (E N N S S W AP AP 22
B 7R Hb DX R ] 32 E Y T 230~210 Ma
(Wuet al., 2011), IR B EA AL T /NS08 1
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Fig.6 Spectrum of age distribution of detrital zircons from sandstone samples in the study area and age spectrum comparison of rock
mass around the basin

DX AR AR 0 A7 10 S AR, IR (A8 FLAT o
M) — 3Pk, BLAh, fERE S R AE 7R 341 Ma DL K
462~455 Ma MRS A AEIR 10 5%, FEn =T ESR H T/
MLAZWE R T A (FR S 4, 2009; Wu et al., 2011;
Wang et al., 2012) . F£5H1 198~174 Ma 11955 W6 {E
XA SR A T 2 G AR /NS WS AR (1 5 =

G5, 2012)  AREBHYIKRTT AW (Wu et al., 2002, 2011;
FEARZE, 2011; FSCINEE, 2014) . 75 241X (Zhang et
al., 2004; Wu et al., 2011) LA K 7% b 2R R 8 (4 30 U5
X (Wuetal, 2011),
5.1.3 BAKLAH R AHT

HH K 4 S A A A v 2 R 0 B A AR IR o AR
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f£ 237~220 Ma. HF BIZK 415/ 300~240 Ma 1)
AEWETE S, G AT DL SEASHERR 28 b 2R 50 Y+ B M IX
I 23 b 2 i S %) 30 05 b DX AR A i s S A R IX ) BT
AEVE. KA IS HILIX. 240~200 Ma HYAE I3 IAE (Wu
et al., 2002, 2004, 2011) A LFIAE i 45 ARG R, FF:
HiZH X 3B 53 A5 A 200~170 Ma 9 4541 414 (Wu et
al., 2002, 2011; JFASSE, 2011; M SCARSE, 2014) . 7]\
DU b DX 55 R A AT 1 43 AT R AE R LB AR
245~215 Ma 4F % X [H] PN (1) 25 1 5 0 i e B DL g
(PMEATEE, 2004), [FIBTAEAE 190~150 Ma [AF Y X
1] (M 5 R4, 2012; 225245, 2015) . 312 Ma W5G A
AT GER B T/ 24 F K T A 1B (Wu et al,
2011),
5.1.4 K354 R

KL WAL X (& 6d) f A A7 AR 4G
ARSI IX ] 25 235~100 Ma( FIE{EAER 177
Ma), 355~280 Ma( &£ I {E 4F- % 323 Ma), 560~420
Ma( EIE(EAER 501 Ma, SFIE(EAFE 451 Ma Fl1 476
Ma) (Wu et al., 2002, 2011; 55 CH4E, 2007; 1 Kk
45 2007; T EMEE, 2010; 45 2011) . K%
G TR IX (& 6e) A 7 IORAFAE R & 155~114
Ma [ A, A AR AR 43 A Bl A3, FL0E
197~170 Ma, 251~225 Ma, 286~275 Ma. 325~305
Ma LI & 490~420 Ma ./~ 55 % {E X (Wu et al.,
2011; F2X44245, 2012; 5K 445, 2016) o R4S
B b X (& 6f) i AR )z & H 174~105 Ma,
355~216 Ma 1 & 1A (it D16 76 55, 2004; Liu et al.,
2005, 2009; FEPR 4, 2010; Wu et al., 2011; 2541 3%
2, 2015) . BRI UL, Bk 3 4 X A I AT i3 75
il 3 4RE A AR A A R IE AN AR DE A, IF HAE KR
MG AT X L&A 270~250 Ma ()7
RN EE, KL FE T NGRS 200~170 Ma )7 14,
120~80 Ma [ AR TERE AN R LW —f 7 DL
PRI, RS20 B ALER . R R FS bl X AN 2 A 5%
X WO 20 B DU Ty 5 4 A K 4l i Ik 251X
57~ T BL, AT X e D Pa R AL VE SR A U S
52 ABS5ENYIMIERSE

3 HFES T R A ES A B Th/U Rl 90% DL I
1R H>0.4 B R RRRE, 55 XK T AR
SRR NS S8 %) P oY AW i e e e A
TN K R ER AR AW h L IX, K FAH

KAL B A B EAE b A RN A 4 it B AR (F
BN RN E TS M AR ARIE M S TEAN L
AR E X )12 INNBI X E A
JEMT 5B e KRS BIIHERNK S . K
RINTERAE R 7 . /ML A AR < 5 AP 5 b IX
SRR A IR AT | T R DRI I X D)
KR BIEKAARK A B ALK A AR INK A .
RS ARIERASE, H, AEa b il eg
AIXT D, FHE S AR TR FRAR AR b X, AL P b X %
B, A AR F o TR AR A AL M N
o AN, FERFSE KR W] DL BUA | % 1A 45 k1l
F U A TR R a A R IRA . B a5
i g o

OT A HE: . DU B 4R KRS 5 0 2E s o
Fe K, B ATIA 40%~70%, 55 N WS T8 4 Al
LKA R AR, A DB 0BE A TE .
KA AB R EEULRAESE RN E, 5 60%~
80%, T W2 LA | BUH SR AT . PR
BEAF(2018) FIFHAF 5T XA —vioc 44T 18
A3 RE) 3 = AR IR AT, A s S TR E T R E i
WX, A5 s VR TE T UIEN R X, BB R X AT g2t
D T AR vhsg A 20 LA R, AEREA K& A RS
31, TR LS TR A, IR AT Bk B T4
58 X 2R Y 25 3 Bl DX 7] 36 1T 25 R R
HIRE I X

PR B TR h I EE 0 P 4 A SRR E T A
DUR 29 5 X ) J S hR s (RIsh 4, 2001) o fF
FEX U G — B a th Em Y LIRS B A
A BUERE™ . A A . KA Bk &k
A BEIRA RN AAE R E (R 2) . SRR
Y& HAE, LA AU G A E YA
A HAT B AP Ry, BT 2D A A RN [R]
IPIRAR R (K 7)o Horp, A KA FIF5E X L ER,
KE R AR a 8 AT W ET YALA A, Rk
W SR B XA TR X AR AR M
BB, Y GA UL R+ R A A7 Dy F
FRAE, (% X ™) P Rk 3 5 B S B AR, A R
A B A RERT A AR s . i, A XA
WA RN B A A +HRE A7, 1T
REXT I T Z5 M AL BB B PR 2R, /N 242208 1l X
B X HET YA AR R = AT A+
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Table 2 Heavy mineral composition of Sifangtai Formation in the study area
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Fig.7 Distribution characteristics of heavy mineral assemblages of Sifangtai Formation in the study area

B, ATREXTR T 2 AR IR A R, gk A
A Hb X AT SR AR HBIX

ZEA AT RN IS I 5 IX 8] 2% 5 A B AF % 43 A
FRAE, 50 S B 0 75 1 T8 5 A A 0 0 A %
Lo, A WA T S T a5 AT KPR K IE R
ity WCUT 21 L B U AR A IR PT BE SR H T AL AR T Y
SR | B X DL R A M A R A AL IR b A
(& 8a); M7 GLAHVTRRPIRRR T rl gk A T4 AR
TRIRBI T AW | 75 SR X L R 2 b 4R e 3 () A Y5 3
A, ZE AL A /N 242 0 2R b DX 0 T G S A 5 IX.
it /DRI B YR 8b); B/K L DRI ] B
S BT b AG S 4 /1N D2 U A R b DX TN 235 1 AR S
B K AW, AR TR R M X R AR R R Y kb X

FII IR LA B 2 (] 8e) o
5.3 Ba4 mEEA SRR

MBS0 BT, AT A] B R BK A
B AR B A 2 5 TAR R B, UK ALRE
TR A 88%, M TR IR A 4. X R A4
BB v A A e T oo AR, A BRI I
A1 1863 Ma, MUy {5 ALAF Ik 1820 Ma, 7K 4
AR I AE A 1836 Ma, HA B A1 W B 43 A 7 8T oT
AP 2N T AW & N (W S
Fo — AL A AR O 2994 Ma, DX Segt A eSS b
KF, IR 22 AT, A R m
JE [ g, VA RDIR, ISR 28 07 T K I AR B A
FHo FFH 75% LI ERYESAT Th/U HAE(0.10~1.71)45,
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Fig.8 The sedimentary source evolution of the 5th member of Nenjiang Formation (a), Sifangtai Formation (b) and Mingshui
Formation (c) in the study area

BRI S 6 P 2 mT UL BH S5 (R B35 A7 , B s HL ] By
EIR A HAr 25% B985 CL BIG 0 5 3 655
G N5 s i 0 W VN B NG E AL BB e VAN
R RE AR R ES A1, DT T 2K 1 A
PR o FAIT b A6 e T AR AR B 22 0 T 4R
g DL RIS HLH R PEA R YN R
AL, XX e > R AT IR R 2
JIE— EAFTEN I (EAF R, ISR ) 1
FTARLERE ST XN oA WLARTE, (HAE 7 AL 3B AR 5 [
FWBAE AL i Ol s T R T doot AR,
Hhon i A RS 4 (B XA 4, 2008) o FEAL AR
1L Y5 M DX A 2 AT T 43 I RINAE TAE (505,
2006; A RES, 2020), ZIEFT R ARRTFER O H
FiA o FEAR AR ER IR A WS FNAL RN WS T A
R—r AR R TP S R B e A B T Ko
AR A A AR AL, 7R T R IX S8 2 ] g
FELE R — B B 2 I S, 5 SO b R IS s 4
4 HH VT L (Meng et al., 2010; = #R 4155, 2013, 2016;
Wang et al., 2014; oK 145, 2018) . FEXT Bk R
BRI 2H DU B ) R S A AR S Rt R L T R
R FERAAERS (Zhao et al., 2013) . AJ WLAAT 2t
20 M A B S — R R AR

P AR T, 7 RO 4H B 2 A K AL TR, F 5
XA S A ROk A T AL IR . AR AR AR B
b 2R R EL A Y AR I () e b A BR R B )2 TR
Yy FEE IR, |5 /R T 25 m] e S A7 e R FE Al
FENR SR AT, (E R BE A AR Db 1l X 2 4 P
B SR T T AR, DA R 3 A A R TS ek o, B
O™ H 2l s AR A
5.4 [T EMIEFELHB R

B TR AR R S T2, KPR ) v
5w A 8] (Wallis et al., 2009) , #3T %1 [ W20
TUFRR W B 48 % T NW-SE [ 548 i 57 B AF
T M AR AR R S B F AR, ) R A
WFFT X B 32 T ok [ A5 AR BB A AR b 30 1) e )i
Y5, 5 20 1Y B R PR T 1) H A 4k 2R P (Zhao
et al., 2013), BIZK 4] 2332 T ok H/N S ZL e Flak
T AW AR B ) J5, T AR T S e DX S ) o
b 5 A R —2(Gao et al., 2013) . HF5TIX
M 11t U5 ) AR A RT R 5 R AN L A b
PRG35 N7 T 5 T A A G, ONTED e ke 1 R DT
FRR I 28 B 7K 2 O AR s B A7 A8 AT R A o 7
] B F% (Song et al., 2014) . WA FE, F5E X4
TRAF S T R b 32 AR FLARE o 52, /0 B
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BT H TR I O 22 8 T8 RAEH, I —EH+F
S KA RI, HTHEN 177 A NW [ A
1] NWW [1] & AEES o H L HET, P 2 i i 1
T B 1 B % vT B T 4f T 020 LB UTAR 2w,
Z/DFRE R WK A TR . R HE & A4
W 300 S e Ry s A P A 74y, O HL AT e T B0 240 T B
DU Z B IH B 0k L 2 TP LR BT, BEZ BF 1R )
D7 1] () B A | A A R R AR A A A T8 T ek, T
P AR AU A T ) 2 /D p 2 B BH K ORI, 3
AR R A G ER R P S TR b2 A R Bk

6 4t it

(1) KPR R g b S 0 VT 4 L B i )
B U-Pb 4RI R B 3 4R 0% X ] : 2994~1765
Ma, 281~178 Ma Fll 125~79 Ma, FIE{E 4N 1863
Ma, 207 Ma FlI 88 Ma, §5 W {HAF#4°4 2397 Ma., 259
Ma F1 224 Ma; VU5 £5 2H 08 8 5 1 U-Pb 4E % 52 B
4 NMERYIX [E]: 2797~1739 Ma., 462~455 Ma., 296~
174 Ma 1 125~79 Ma, FIE{EAFE A 1820 Ma, 229
Ma F1 88 Ma, S5UE(HAFH4 4 2166 Ma, 459 Ma, 245
Ma Fl 174 Ma; BHZK 25 ) £5 41 U-Pb 4% 52 30
34N 4R % X JA] : 2448~1792 Ma, 237~220 Ma Fil
117~87 Ma, FIEHAF Y} 1836 Ma, 226 Ma £ 111
Ma, S5UE(HAERS 7 2047 Ma, K X5 TR FE R
o0 HARE = 28 DL R S G
T3 A FEAER B

(2) MR HEBIF I DX S 5 A A8 43 A R IR 5 A
JA G R AR X AT, 45 A Rb A B S A ) 4G
SRR, PR T R S T 2 B DO IR T e
B F A AR5 AW | 3 R X LK # AR
HR AL YR AR DU & TR IR T Al Resk A F
FEMBASH AR AW | T S X L R A 2 R R Y
LY M X, 2 G EB 8 / N D422 I AR5 b X T iy o
TF 7 DX iy /0 B e T 40 I s B /K AL DORR A 1 0 T i
K F T AU 10 7N 22 6 25 1l DX R 4 b 7R 3
(B 70, 7 B X R Y5 X ) 4 VA 5 5
THE o A TR K 2L 208 Hh X AR % 43 A R iF ) 5
WF 5% XA i A 40 A AN 58 A2 VL L, DA LR K %%
U AT BE X AF 7 X AT PR Tk
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