SSNI0DD-05501 — ———

S . - ; = = .
.'_—‘H CA-SINIC () 'Ja'.r_: - - = - —

——

—_—

— = = —

TLRAHHEHT O K 1L 2L SR RARRAE & S5 R X
BT RR, J T, AR, #RVE, wruha, A

SIHASC:

RT3, 3B, 2R8I, S0, S2uftn, BERAT. S0 ARVE I o S L A e S IR R AE R 5 A L], UTRR A
, 2024, 42(4): 1342-1353.

ZHAO ZiLin, ZHOU XueWei, LI KuiZhou, et al. Characteristics by Provenance of Quartz Sandstone from the

Neoproterozoic Changlongshan Formation in the Offshore Liaodong Bay and Its Geological SignificancelJ]. Acta
Sedimentologica Sinica, 2024, 42(4): 1342-1353.

FUSCEEHER (& A KIRERIEN AR H CE )

Similar articles recommended (Please use Firefox or IE to view the article)

TORZHr PG G =S I Y IR ZH i —k A B4 55 A1 U-PhAEIR A 7R

Provenance Composition of the Early Late Triassic, Northwestern Ordos Basin:Indications from Detrital Zircon U-Pb Ages

DUBLZA4R. 2020, 38(6): 12581271 https://doi.org/10.14027/1.issn.1000-0550.2019.105
IE e 5 P AR S SIS AL IR Aok R i AR e A £ R A i 2

Provenance Analysis for the Clastic Rocks in Tangjiawu Formation, South Anhui: Constraints from Detrital Zircon Ages and Geochemistry

Characteristics

YURIAEA. 2018, 36(1): 42-56  hitps:/doi.org/10.3969/j.issn.1000-0550.2018.007
PR AL 2 b g 2 T — AR GE IR 5B SO g R LU LU AR R S R

Provenance Analysis of the Middle—Lower Jurassic Clastic Rocks in the Southern Margin of the Yili Basin and Their Insight into the

Evolution of Southern Tianshan Orogenic Belt

TUR2E4. 2018, 36(3): 446-455  https://doi.org/10.14027/.is5n.1000-0550.2018.115

J3 T I B 2L B S 4 1 U—PBARA 2 A
Detrital Zircon U-Pb Geochronology from Zhaoling Formation in Tangwangling

TUERZEAR. 2016, 34(3): 497-505  htips://doi.org/10.14027/j.cnki.cjxb.2016.03.007
SR AR 1 22 B AR LA R A U—Phy 4 S BB B

U-Pb Age of Detrital Zircons and Its Geological Significance from Maoniushan Formation in the Wulan County,Northern Margin of

Qaidam Basin

DURHEER. 2015, 33(3): 486499  https://doi.org/10.14027/j.cnki.cjxb.2015.03.007


http://www.cjxb.ac.cn//article/doi/10.14027/j.issn.1000-0550.2022.093
http://www.cjxb.ac.cn//article/doi/10.14027/j.issn.1000-0550.2022.093
http://www.cjxb.ac.cn//article/doi/10.14027/j.issn.1000-0550.2022.093
http://www.cjxb.ac.cn//article/doi/10.14027/j.issn.1000-0550.2019.105
http://www.cjxb.ac.cn//article/doi/10.3969/j.issn.1000-0550.2018.007
http://www.cjxb.ac.cn//article/doi/10.14027/j.issn.1000-0550.2018.115
http://www.cjxb.ac.cn//article/doi/10.14027/j.cnki.cjxb.2016.03.007
http://www.cjxb.ac.cn//article/doi/10.14027/j.cnki.cjxb.2015.03.007

Fa2E 4 IR AR Vol.42 No.4
2024 4F-8 J ACTA SEDIMENTOLOGICA SINICA Aug.2024

XEHR S :1000-0550(2024)04-1342-12 DOI: 10.14027/}.issn.1000-0550.2022.093

URZEBEBMTEFAFRELUAARY EWIRFIE
REMREX

ﬁ%ﬁl’ﬁgﬁi 1’ Z?‘K%j)\l\va ?'3%3’ §/éjﬁ7t/&3’/f%%jﬂ b2

1 SRR TR 2 TR BT RAF 9 o QRS by BB 43 o A 15 7 ) 1 AR R o e e %, UE 610059
2RI BT K I TR A [ R SR ORI TR ), i 610059

3 A Ch ED A BRA RIRHYM A, KEE 300452

i OE [ H L ARSI R A s A B 0 R KR I G R IR AR ST IR AR, XA s b K
R E O R R R A B X [ IR A BD4-1a 3 2 482 m ML A9 FLAF G IEW A RE S IEAT T A HER b 2F
FIREE B U-Ph AR 20T o [ G5 5R | 2 M BR AL 4 W 85 SR S %A S A B AR Y Si0, 7 5 (88.53%~93.06% ) , AL 2 il AR 45
B (CTAEAN T 69.5~71.6, B4 AR R B (ICV ) (EA T 0.69~3.99, B fh B A =5 4 B Ans b a8 XAk, Th/U A
F3.46~4.92, Cr/Zr {E 4+ T 0.17~0.35, SREE {5/ T (8.26~24.12)x10°, LREE/HREE {5 /™ T 6.28~10.21,8Eu {E 4+ T 0.77~1.04,, £ 55
TUFH o BEEES A U-PhAFI 310 T 2 744~1 581 Ma, FEAFMRIE(EH~1 845 Ma, IR ZLAFIB (A ~2 225 Ma ~2 340 Ma .~2 600 Ma
F1~27 25 Mao [ G518 ] 2 MR (b2 o 25 3 s iR £ Bk B DHISE KOS A1 . 2.7~2.5 Ga (WS £ A2 A b soh i il
ARG R AR UYL 5% 5 2.2~1.8 Ga (WS 85 A7 5 At s b i 7R SR Rl e A vE FR Rl e DF G 0B i [l — 445 S B iR = 1)
I RAHM A, S R Rl B B R M B0 575 5 T 1.8~1.6 Ga (KT E 85 47 4FI 0 S Y IV 12 BHE LU B R T A =
KA NI PR B HERILE TR RE HLIY A K

F—1EEEN BT, B, 19984 A AR B A E-mail: 2212212211225@163.com

BIEEE EAA, B, #PZ, E-mail: houmc@cdut.edu.cn

hESES P97 HEIFEERR A

0 8= DU T S
R L B LA T

AT HOCFIRR S B DR I BRI E o gy i =8 T A B0, 0 196
%ﬁi@f%ﬁi&a@‘mfﬁ% BERAATU-POIE g 1300 S0 At L LA R,
o SBT3 T
Bl il SRS T B DRGSR

MR IR SRR s ey R S BRI
MR, b B RTUBUA B Fikop 0o LIRS AL RS R

ZABATT ML ME MG RS S gnpg o BDA 1 PR SEbE  CON BRSO S, TP
AR AR T X 5 0 AT AT Ak b 8 (X B PR RS AT U-Ph AR R Bk (L2 40, DR 2
FIEE AR DR, BB OB R B 7 U-Ph TSR AR DG A IR AR, 0 T 0 R KL
AEARFH R A M ERIL A 25 B 40 W7, RIS A Ot - 51 AL 5D 2 A TR RN 26 5 ARG 1 b o 22 1

Wi B #A - 2022-06-08; i 3 B # :2022-07-28 ; & A3 H #: 2022-09-30; [ 4% t Al B #:2022-09-30

ELMA : MR HRRAEESTH (42102141) ;1 ESRE 54 (2022T150076) 5 Hhifg 47 i (h ) £ B2 BIRMIFT H (CCL2014TIXZSS0870) 5
AR B T K 2 30 AR M o R I & R I K S 56 5 30T H (40200-02021301 ) [ Foundation: National Natural Science Foundation of
China No. 42102141; China Postdoctoral Science Foundation, No. 2022T150076; Research Porjects of China National Offshore Oil (China) Co.,
Lid., No. CCL2014TIXZSS0870; Project of State Key Laboratory of Reservoir Geology and Development Engineering, Chengdu University of
Technology, No. 40200-02021301 ]



a4

AT RRAE AR ISR T i KO LD 28 A0 b W IR e S b TR 1343

1 M SRR At is

L1 WHRER

At R f TS SRR 2 A R AR
Je A K A A B R —RAT ISR (] 1a) , 2
S RNESI e AP T = i o £ S Y A R
He  rp gy Las FE—3L —35 & L f i
Vg B T AR SR 38 VS A AR & — N LI
T35t DT ) PRV, R R b T M 0 RT a0 oM 3T AR i
VA SNV | v g 4 v 23 i RN VA i e R 4 3L
IRV b DX, TV T S AR AL 2 T S T 2
S A SR — D BAN, A A Jmy ] 43R T =M
FH PG ) 2R 0 312 A0 PG T B 3P (ke A M 1L
R AL AR TUIRE (& 1h) o 7 e 4 S B0 A G 1 2
1%, A6 R B AR A FRIE
1.2 itk

BD4-1a 057 T8 1k 10 AR T s DX T PG M1 L i 0T
BEGHTIE RIAPHZ R R ARE AR S A R
RIRAFIR A DRSS A 0 R K e 141
— B AR (E 2a) . BEIRTE BD4-1a 1 2 482 m ff
R T 5 AR AR B S D5 530 Dy 2482-
1.2482-2,2482-3 . 2482-4 F12482-5 , %] FIr A FE & #E AT
T AA TR HIRA A AT TR X 2482-3 5 A i ik
15T #5470 U-Ph 4

3A% BDA-1a H-RE G 17O FARAS KA T 2 548
o B, ok e (B 2b) o 1E 22 i
G AT B RRIRES K, kRS A 0.3~0.7 mm,
iSO IR S, o o e RO, B R R 2k

FEAR—IBDIR , A7 55 55 H il s (29 90% ) , AT RE & AE i 4%
IEER B I RIE . BN A D i Tl A, iR
FHANSR , Gk BT e W 2 f e, A Sl A R A
Kin(El 2e) .

2 ATk

2.1 LEMIKNLE

R AL 2RVl X A S A A A R A R T
IR I E R A5 B A IR 5T R 58
W 4 EREIuR MR AR A H A B2~ Primus
I X BHRDEIEEREAL (XRE) G FESRTE 105 CHET )R
FRELZY 1.0 g iH5pe S & s oK Li,B,0, R B
NH,NO, Ay S A5 i BB 38 5 647 XRF Ik, 4%
fliet o6 2 AR FH A B 5 A5 B IR i {X Agilent
7700e 1CP-MS 5347 56 1, KPR UL 50 mg B 43 A i
1E Teflon A F 1 AR A HF I HNO, J5 & T4t
FETPTE (25190 C)In# 24 h DL b, ke 54T s 1l
1 mL A FR In R BE N 1x10°) FRRACEE ; fi i 5 7 T e
AR IR, IF FH 29%HNO, # B 2 100 ¢ J5 #: 47
ICP-MS ik .
22 WHEHA

BEAT Bk | SR AN CL REAHAE e 50 22 ) b B
BHARM S H IR AR T AR A TR 2R 2L
K 135 B 55 40, U-Ph 5 4R 15 S0 D T KT &
AR R S I R TR 2%) Sk, SE ik
£ R E N Y RE 2 5] Resolution LR 193nm JHOEGH
Tt 22 G0 0 55 [ 22 BEAE 7900 A . MRS Hr e, 3K
HCREE N 3.5 Jem®, WBE A2 29 wm, 4% 8 Hz,

N
T ILAREHLIX

0 200 400 km
e —

E S
o

O etk
[ s

@ R X vAT ] O] s

B3

FLIZPi15 5 N
F2.iL P2 S Hi %

F3.iL P35

F4. M5 HR
F5.iL 153
F6.1L 2SI
FTILFR1SIH
F8IL 2SI
LXS L7 M
LXD.IL ke
LDS.iL % Mk
LDD.il A ke
LZS.JLH Ik

[ o
[ov] sesept
[ o
= Wk
FHMZ
EWi2
(b) B

P Ca) b v S i Xl A4 3 a7 10 (B SCRR[8-9118 i ) 5 (b)) AL 2R 125 b DA 3 1 121 (4l STk (1414 k)

Fig.1

(a) Tectonic sketch of the North China Craton (modified from references [8-9]); (b) structural sketch of the Liaodong Bay area
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(modified from reference [14]



5424

1344 M
@ HJZ
VR BE/m
b ES il B’
BLR | kAL 1330~1350
x
— | 1350~1470
B
%
g | 1470~1650
N sl
B A WIER | AEU
g | 1650-2455
L T
WER | R EY TRy Mo viava via vaa
o ReA SR L ANTE 2482~2487| -

o 2 . B9 v Py 500 pm

Fig.2

K2 (a)dh)Z2HRE ; (b)BD4-1a 2 482 m 7
(a) Columnar section of stratum; (b) 2 482 m core of well BD4-1a; (c) the microscopic photograph of quartz

O (o) A3 BB (Q 135 RATE)

sandstone (cross-polarized light; Q. quartz; R. rock fragment)

FI0H 45 s LIARERS G 91500 S AR , A5 1E 433 o 2
LRI TG R 4318 5 LABRIERS /1 PLE A B b, R 90 45080
[t ; { FI] NIST SRM610 S b5 . Si 2 AR , b o 65
AEICR S TR B9 B L BR F AR F
ICPMSDataCal""5¢ i . #] H Isoplot/Ex_ver3"¥ %} £ 1
FE Y U-Ph AF W18 R K 2 FARE I AT 24348

3 PREER

31 E=EMBKLE
311 Z®ALFE

LA HERAL 22 T A R s A DA Si0, i
EAN T 88.53%~93.06% , F-HA{E A 91.46%; ALO, Ji
OB T 2.02%~3.73% , F-HIE N 2.45%; TFe,0, 11
JF AR YR T 0.47%~1.60%, “F- 11 1.03% ; MgO
JEA AN T 0.21%~0.96% , FH4ME 4 0.54% ; CaO Ji
BT 0.12%~2.16%, - Y918 4 1.03%; Na,0 5
TP EUSAR  A T 0.03%~0.05% , “F Y18 9 0.04%;
K,O B 3800 T 0.68%~1.23% , F-H4{E 4 0.81%.,
3.12 #WmELE

UURAE Y 95 102 (Rare Earth Element, REE)
FHIF 2 22 TR X AR OB E R, KRR
FHS AR Dm0 B2 AR/, PRI mT LA 3 7
JCR A AT BORFIW IR I DTRRRAE" ™, AW
Yelb A A i SREE B9 & 54 T (8.26~24.12)x10°, °F

¥ {8 M 12.54x10°; LREE/HREE Il /v T 6.28~
10.21,FIHAE A 7.98 ;8Eu fHAT-0.77~1.04, FH{E
490.89, 55 1 7 ;6Ce (HA T 0.94~1.01, “FHE K
0.98, HATC 4 o FE BN B A bR AL B g T DL A
LR ARERIAT O, 520 AR & 4, FEAR AR 7 45
([ 3a) . o JC 2 AR b br o fb vk I ] 3 7 5 1
FE S EAAS L R $IE AR —F, Rb  Pb Fl Hf & 4E , Ta P
AT 4 (E3b) .
32 WEEAER

X 2482-3 5 A7 e tib g A AR R 135 i £
A AT U-Ph B 50T FE i B g A e S 2 2
UELR FNEDIR , 85 A4 K BE A T 70~210 pm, K 5 L
AT 2:1~1:1(F4) . 135 e JE &5 4 Th/U o {E Y
KT 0.1, 455 85 A4 IR SCE 34T, A BE IR BF 5
AT ER Sy S Eay Ay AL

FFVERIEE K T 95% B A A 28 , Hor , ARk
AT 126 045 A1 R T 95% (BR4 5 R S-23.
S-35.S-41,S-45,S-46 ,S-47 .S-52,S-60 . S-104 JL 55
A158) o "Pb/Ph AR R AT 2 744~1 581 Ma, JG 1 i
R 5 A fe 2 (112 90, e R B Rt AR (12 i),
A 2R oT A B A IR AHE E R A A
YERD AR i TP AEAE 5 0 B VAR, X I AT IS 43 31
~1 845 Ma. ~2 225 Ma. ~2 340 Ma. ~2 600 Ma #l
~2 725 Ma([# 5b) .



43 AT PR « 1L AR T VUR T oy SR LU 2 A b5 I A A B b o 2 1345
100 100
(a) o (®) —=2482-1
—8—2482-2 —0—2482-2
—e—2482-3 —e—2482-3
—e—2482-4 —e—2482-4
—A—2482-5 —A—2482-5
10 10
s =
= 2
2 &
: =
= =
* 1F kN 1F
ob_ 0.1
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Rb Th K Nb Ce Pr P Zr Sm Ti Y Yb
6 T6 BB BUG b A4 A T Ba U Ta La Pb St Nd Hf Eu Dy Ho Lu

0 3R TR A b A ke 1o 1
3 (a)# LT # BORL B A FR fE L 2 A0 B (AR MEAGBHE 51 B SCRRI211) 5 (b) i 5T 32 D 4 1 1 A 14 Ak 1k )
(oA %ot 51 A STk [22])
Fig.3 (a) Chondrite-normalized rare earth element chondrites (chondrite data from reference [21]);

(b) primitive mantle-normalized spider diagram (primitive mantle data from reference [22])

>
£ ¥

1900 Ma 2229 Ma 2437 Ma 1891

1636 Ma 1625 Ma 1’7‘()131\1"1 - 1826 Ma 2318 Ma

P 4 T i X0 2R DXy A S R TS S A AR Ot (CL) R R AR

Fig4 Cathodoluminescence image and the age of the detrital zircon from quartz sandstones in Liaodong Bay, Bohai Sea

0.65

(a) 1 ®)
] 1 1845 Ma

0.55 1

0.45 1

200pp 238

o735 | 2340 Ma

0.251

2725Ma

0.15

0 4 8 12 16 1300 1700 2100 2500 2900 3300
2P/ U AEIS/Ma

KI5 Ca)f3 SERD 54 i B T8 5 47 U-Ph AF 8 18 R 5 (b) A0 S 80 5 B il B T 5 40 U-Ph 4F 8% 23 A 107 4]

Fig.5 (a) Detrital zircon U-Pb age concordia diagram and (b) age distribution histogram of quartz sandstone samples



1346 A

S

5424

4 e

4.1 RS
4.1.1 AR a2 F3 RGBT

WIRTHTA , HEFEER T DA HiZ B A b il
DURRB AR AN T B P 2, 308 3 X v V25 2 DX i 22
X9 R 30, i 4 H FE K 4 Ry ik R R
F B IGZE A S A N AT R A )R . i
BT R R R F A A R B2 ool
REIB IR Ie it s M ARGt TR
o L ZH R PNV 0 S B A ARSI 98 R, S AR A
YDA IR S B AT AR A A A T T XL (B 6)

TR SR GY & B 5T B - b XK 1L A
BEATAERY 06 T 3 372~1 644 Ma, T B AR I Hy
~1 800 Ma, B AE WA I H H5~2 510 Ma ., ~2 400 Ma,
~2 270 Ma.~1 955 Ma(Kl 6b) ; Wan et ol. P 7L 50+
=B b XK TR L AL R A Y R B A AR IS A A T
2 931~1 800 Ma, FZAF WY IE(E A ~1 830 Ma, UK ELAR:
W5 I M ~2 765 Ma . ~2 487 Ma.~2 370 Ma (& 6¢) ;
TR FE AR AR e KL Hb XK e L 20 A
BEATAERA 23 A5 T2 931~1 573 Ma, £ BAE I Hy
~1 824 Ma([&l6d) . FEZRAF™ A& BLAYIL 5T B 1l X 5
T 2 A i A A A8 3 A T 2 680~1 885 Ma, FBL
AR I R ~2 490 Ma, IR ZEAF I I (E 2l ~2 530 Ma
([ 6e) ; Wan et al.™$f38 A9 A6 3T + = 52 b X 5 M 74
ZH T8 S5 AT AR 70 A T 2 745~1 775 Ma, B4R
WA R ~2 522 Ma, HoAh U AR {8 I (B A ~2 483 Ma,
~2 405 Ma (& 6f) .

YL AR TS b XA b5 v A R I B A AR 43
A T2 744~1 581 Ma, £ ZAFWLIEAE F1~1 845 Ma, if
A HA Z AR PR VEAE < ~2 725 Ma,~2 600 Ma,
~2 340 Ma Fl1~2 225 Ma (& 6a) . i1 5 4B X R g B
A1 AT B R B, R ORE S 5K el 4R A A
1 800~1 850 Ma i = ZEUEAE , [F] B £ 7 ~2 600 Ma Fll
~2 300 Ma S5 YR BLUGEAE , — 35 IR TG s A AT b 0 1 5
AR—F( 6a~d) o H M B LM 3 A7 AE 1Y T2 B N
~2 500 Ma, A HIEIE A AU A Jeib A g 8 85 A
AR I A0 HLA B S i Ut 27 1 Frik , BD4-
La P LA b5 P R 85 A AR S5 K e L4 A
IEEAR e , EA AR 05 s £35S T B0k R X B,
JEXT AR AW, S5 A 0 2K IR Ld h F—&
)z,

FEAEAL TR AL IR AL T X A B TR R A A
T AN IL T M X AR R 2 550~2 529 Maff)
AL b S AL T L B X AR S R ~2 527 Ma iR}
KRR F1~2 536 Ma 9 A AR 10 T 4504 T b X
AR A ~2.18 Ga i THUAIN AL RIAE 5 5445 | 6 /R LT
X AEAER A A R E 0 R KR ILA R Y
U5 At e R im A A At X il S Gl T2 A
g AR B T b AR AR % Sl ~2 546 Ma I
~2 510 Ma A 4 =) 7 JBR A I b 2% 1L IXCAR 38
2.6~2.5 Ga 1 bR AT pH 3R & A b AT %k
~1 856 Ma [ ff1 [N APV FIAR 4 4 1 872 Ma 4 JpRRE 4"
S5 W R AL XA A AR R R K
e IR Z —

412 A BRFLFHHRG ST

T 2 B M BR AL 2R 4 R AN RE A% 2 B4 YR X )
A Sy, T HLRE S B TR i 1 5, Nesbitt
et al. "B T CIA TR BB, B AT LU it i s L) i
XRACFREE o Liu et al™IAR , 24 CIA BY{E K T 80 Hif
S Ak XA s 2 CIA FI{E R 60~80 Bt Ay Hh 455 B Ak
22 KAK 5 24 CIA B9 °H 55~60 I Ay 55 4k 22 KUK 5 25 CTA
E/NT 55, KALZS R0 £ Z R WL . AR Ehifs
0 7RV M DX A BB R 1 CIA (AT 69.5~71.6,
SEHIE A 71, HE A-CN-K [& 1 A] UL EE & 25 8 5230
ALO,— %ty , 6 BHIZ XS 22 107 T Bk i Ak 24 KUk
EH, &4 ALO, 25 + A5 9 & 4, CaO  Na,0 I
K,O S5k 8 22k (& 72)M, 1CV $8 %k 3 22 H ke iy i
DU T B BB R, 24 IOV 4850 T 1 iF, 4578 %k
i Y A b AT RE R T sl T T R
I ICV F8 80N T LR, IR B S 3 0 &
WA, WTRE N T U A PR AR URE
A ICV AT 0.69~3.99 CEHI{E M 2.21) , 7E ICV-CIA
Pl fige AT D 248 RS o A A S i A XA
(E7b)",

AYRFE i Th/U ZRAB VB R 3.46~4.92 (31
93.98) , I 55 V- 4 {E R 3.8; La/Sc 42 fb 3w Hil
1.84~4.12 (CEYI{H R 2.64) , | HIFEE 5 K 2.73;
Th/Se ZEALFE N 1.12~2.04 CF-HI{E R 1.40) , FHbFE
SEIE R 0.97 s AR A S b H AV E S o E
AR, FE La/Yb-La/Th i o 3 b2 R dh s 3y
VEAE SR (K] 8a) o LR Co/Zr IMERES
B WA e BT A AR IR 2 5 RN, A SCRE A )
Cr/Zr B AT 0.17~0.35 CEXI{E 4 0.24) , HEAEZE /)N



54 X TFRREE ARV T P e LU 2 B S R AR e B b T 1347
40
a 1 . N
@ 1845 Ma 3L 35 ] @ AR S
20 1 n=12 ” ] ZOTIRSy ATIE |
] n=79
30 7
151 zsg
] s % 207
F 0] s 3 =
= N Z o < 157
(=3 4
5] “ g s 10
(ST 3
o p
2 5.
« ]
; Vi
40 (b) 1800 Ma jt/TJ‘T»ILIIlF 16 (6) Baan jtf’T\HlF
NS AN 2330Ma -y s g 2
35 n=205 14 4 n=58
2510 Ma ]
30 12 1
25 10 1
& B
=20 = 8
15 6
10 4
5 21
0 A\ [\ e U O S
T o 25
104 (©) 1830Ma Jeset= 10 2322 Ma Jesi =
AN 1 = i H 2
n=33 204 2 n=74
8 ] 3
. . 15 1
E 3 g ] g
Ty s 5 10 A o
=z < = ] <
2 9 = ] a
2 a e 5
o~ 4
0 L— /\/\ /I\ OAA /\/\
1400 1800 2200 2600 3000 3400 1400 1800 2200 2600 3000 3400
SIS /Ma A/ Ma

D3

Fig.6  Zircon age distribution of sandstone samples and other comparable strata in the Liaodong area of the Bohai Sea

Pl 6 T i 302 Ml DX A S e it IR Al vl X6 E 2 09 25 1 4 i 23 A ]
() BEVCHIFFE s (b) AL EPA KL ()AL B IR L™ () ITHEPRA S RUL K™ ()AL 55 EP A b o M 1™ (DL =Bt

(a) this study; (b) Changlongshan Formation, Changping area, Beijing™; (c) Changlongshan Formation, Shisanling area, Beijing™; (d) Changlongshan Formation, Huailai

county, Hebei™; (e) Changzhougou Formation, Changping area, Beijing; and (f) Changzhougou Formation, Shisanling area, Beijing

(a)

AlLO,

Ka,Chl,Gi

28,

30
Ca0 +Na,0

Fig.7

& 7
(a) A-CN-K diagram (after references [40-41]); (b) ICV-CIA diagram (after reference [4])

K.0

cv

[29]

45
(b)
4.0 °
3.51
3.0 A
2.5 1
%
2.0
°
1.5
1.0
5 BN W
5 5 [ s R
0.5 I I b I
. 4 1 1t
30 40 50 60 70 80 90 100
CIA

(a) A-CN-K & it (¥ SCHik[40-41) 5 (b)ICV-CIA Bl fi# (P8 SCRik[4])



1348 A

S

5424

T 1, 3R FEORIE TR FUA A . 7EF1-F2 H 5] &
o AR AR TR TE PA X, B S DT RA R
7 300/ [ L 0 K 0 o TR A P TR X (R
8b) . A1 PERD AL Ze/Se F Th/Se [ BA — &
) TEAH e ME (R*=0.78) , £E Zr/Sc 1 Th/Sc & fi# ] DX
B BN B A AR A (R IET A A7) BT,
VLRARE AR AT RESR A _F b KB (& 8¢ ) .

o L ZH A SR T A v ) 1 R 3R 458
TR WIRIX e R (~1.80 Ga) Flise PRI A A1
g B2 0 AR SR AN 2R B IR I T B IX K e 1
2H IR B A0 JF T HE [ R IBEIE AT, 45 5%
FINZIR X Y T 2k F ol 2 b 7e ) B A 2 . 28
BRI AR S X e A I R KR LA
YERb AR A LS S U A, SRS S B
FEHE IR IEAR I
42 EEHAMELRRBIERSHRESN
B8R

b o R ek e itz —, Bigsk T
VFZ AT FE R 20 S ERE K SR Flantedt sehiim
(IBEAZIE B i e A A AR BB e pE & S5 v
A AL EE TRE S B A1 U-Ph AR A HHE s T A I
B FR A B R] ATy S M BRI B T T B

1) ~2.7 Ga f1~2.5 Ga AyREJE &5 A 0% T4
P i B K S S i A

Hedb s PaE R & AR S ROk B e A K SR BT
T 4 Nd [R5 5 b eSS AR WA TN S % 17
HE BECAR I I 55 40 B, IA AR AL e i il e A K =
PR A AE~2T GaFl1~2.5 Ga™™, 4 B IR
S IE ZE AU X AR A S AT T MR Ak 2 FAEAR 2
5T, WENIE T 4L se PLB 7E~2.7 Ga Fll~2.5 GafF7E
PRI A ot A AR b 7 3 A 1 2 2 1 3 S
FeERIG A SERL TRIG T pmE AL, AR

T AL v A I B RO A AR L P Y BIF ke 32
B T ~2.7 Ga, [RI B AE AL o8 5730 8 A7 7F K TP A
T~2.5 Ga 1y BIF 47, Ut W AEL 5o P 7E~2.7 Ga Fl
~2.5 Ga Wi NI R A TR E I . AR b
RS RS A AR I T AR AE~2.7 Ga FlT~2.5 Ga Ik
B, AR AT AE~2.7~2.5 Ga BYHE B 55 41 29 5 7%
Ji8 A7 ) 119, 35 S8 IRy AR I8 485 A 7 4 i e
EAF I 5 iy R A B — oK AR Bl e A K =R
PRI &, AT RERE 2 ~2.7 Ga F1~2.5 Galidize A K &

Faj i D SR o
2) 2.20~1.85 Ga YR JE 5 AR T ’HE LR
KGR A S

18 2.1~1.8 Ga N A BKIL N A A2 T KA Y
I, ok B A ) 2 A Fehi@m P A Il T
S L KRl a2y 2 i v hom o i T AR
| AR 2V N = | e VB 1 B 45 5 A G e T B [iped
T, 2R Bty ple 5 VY SRt ple 2 [l v RPE T J b, B
T RIETE ] AR B HR PG S s o, PR A 5 2K B
TE 1.88~1.82 Ga iy K PRI i il 2% , AR Bt He
VO EBRE B A A= wlfAeE 5 s e hiam AL, 1 2 N
E R U R S A LB SRR 7 A T ST,
HAr 5% T 1 .928~1 920 Ma 11 882~1 855 Ma % £H 4%
JEAFIE IR G Ml X A5 SR A A DX ek A S =4
Sy ooy R e db s b @ A BB RERE A O b
Ab SR S O HRGE T 2 P LA AR ARHE A IR A R AR o
B U-PhAEIS AT 1 928~1 806 Ma; SR 4400 7E ]
A& A DO A A 5 0 4F i 245 2R 4 ~1 856 Ma; Guo
et al HEWALE AL X BT AR S ~1 872 Ma YRR
S I T e by i WL AV R KR A A TR
Bl AE e L1 PR AL T A A o 1RV b Xl
DA ) A SRR 25 T T A A A 0 AT i B 3 1 R B0
H~1.85 Ga, HAP A 7E 2.10~1.85 Ga AUTEE 55 A7 5 B

60 10
(a) (b)

*
50 i
SERERTE

40

30 2o

La/Th

20
=5

BRI
CRBEh%Em )

10
(©) R
b DUBLHEJiE ]
CRIEFA )

R X

Th/Sc

0.14

4 F —
10 XJZKJUIK.TT?% SV KR PRI
@
0 ] —-10 0.01 T T
0 5 10 15 20 25 30 35 40 -10 ) 5 10 1 10 100 1000
La/Yb F1 Zr/Sc

K18 (a)La/Yb-La/Th [l fi# (45 SCHR[45]) 5 (b) F1-F2 ) 51 (45 SCHER[47]) 5 (¢ ) Ze/Sc-Th/Se [E i (45 SCHK[19])
Fig.8 (a) La/Yb-La/Th diagram (after reference [45]); (b) F1-F2 diagram (after reference [47]);
and (c) Zr/Sc-Th/Sc diagram (after reference [19])



%41 TR

T AR MR T i A T L AL SR A P AR ik S L s 1349

B 35% FeA , X BERAE B A e 7 7 T e AR R il
HORPE AR Rl e DE AT ] — &5 S LI

3) 1.8~1.6 Ga fWiFJE £ A 03 T B LK
Fili 54

FAR BE S0 K 1.80~1.62 Ga 14 20 3¢ S B
At v hrE 7E o o A AR 2 ) ELAAR AR B,
BT T B L B P 2 o B f o 45
FEP S [ PH L X 2= 5 A AR 20 A BUE B 75 11
AR A7 ~1 720 Mas P2 #7 S SR L LR T oo
RAE T A B i sk o R W SR S I WA B B
1 644 Ma, X EEFERVEAR A H BOEE A A IS AR TR R 5 78
LU R R A A A, S Ak i T O RIE T
AL TE 0 % 2 TR AR A SS AAI ~1 673 Ma,
FOB AR5 4 BRI At 5 430 1) S Bl A e AR
A, IR BB AE T I QIR AL 2 A gk R PR B I A
(R L S RS TR — A EIRIE 1 B8 W A8 KBl 2 1)
AP . AU B B A AR 0 A 7E 1.8~1.6 Ga IR )E
B2 B A B 27% , X SE TR T B A 1 4E
BAAR AT B ST A2 RS LI R A i 3 2 i

5 5

(1) B AR T AR A 0 R KL
AT AR E B A AE I 0 AT T 2 744~1 581 Ma, H
o, AR RS I N ~1 855 Ma, YR B AF {4 Il
~2 725 Ma.~2 585 Ma.~2 335 Ma F1~2 225 Ma, i /&
AR AR RRE SN IR A b R T R
EIES Sy AITE S

(2) T T 2R T Ml X A SERD R i M ER b 2
HE d R HHAT 5858 1 Si0, 2 i, Th/U | La/Sc  Th/Sc %5
FUAE 5 b i 7E AH AL, La/Yb-La/Th [&f# F Zr/Sc-Th/Sc
P b o Db B i S VR AE B . Co/Zre LT
{8 F1-F2 H 50 8 1 Zr/Sc-Th/Sc Bl 45 75 3 2k
AT e KA A,

(3) WA B A0 A I AR IS (R 3 ilid o) T 48dE
e KA T e AR B S FE 4 ~2.7 Ga
XN T ARt s R ) — K e AR K S, ~2.5 Ga 5
Aot e hrai & A A R B A RS S AR A,
TR IE(E (~1.85 Ga) sk THEAL T HLE 4 FEFI K
ki e A Bl B T, 1.8~1.6 Ga R B ]
RESZIV T HE IV AR KBt ) 284

B ALFATR, BRITH XL IS
5 U-Pb M F LI 5 8, MIFFHER

REAEZFERNLER LT RERRR S, £ib—
IR, A SUHT R 0 B SERY & B B B U-Pb 4K
Fhe e B WHMFHIE, TABTEFAN K LD
B A F R IE P K B hetp://www.ncde.ac.cn/portal /
magazine/detail?id=ed14bd8b-tb13-4487-93t5-216e5f
0d0d86,

22 3Lk (References)

[1] Cawood P A, Nemchin A A. Provenance record of a rift basin:
U/Pb ages of detrital zircons from the Perth Basin, western Austra-
lia[J]. Sedimentary Geology, 2000, 134(3/4): 209-234.

[2] Andersen T. Correction of common lead in U-Pb analyses that do
not report **Pb[J]. Chemical Geology, 2002, 192(1/2): 59-79.

[3] LiuYS, HuZC, Zong K Q, et al. Reappraisement and refine-
ment of zircon U-Pb isotope and trace element analyses by LA-
ICP-MS[J]. Chinese Science Bulletin, 2010, 55(15): 1535-1546.

[4] Nesbitt H W, Young G M. Early Proterozoic climates and plate
motions inferred from major element chemistry of lutites[J]. Na-
ture, 1982, 299(5885): 715-717.

[5] Dingle RV, Lavelle M. Late Cretaceous-Cenozoic climatic varia-
tions of the northern Antarctic Peninsula: New geochemical
evidence and review[J]. Palacogeography, Palacoclimatology,
Palaeoecology, 1998, 141(3/4): 215-232.

(6] fEWIA, Bigre, 2508 5 D 19-6 F sy 2
It R ARAE BRI D], RIR T, 2019,39(1) :33-44.
[Hou Mingcai, Cao Haiyang, Li Huiyong, et al. Characteristics
and controlling factors of deep buried-hill reservoirs in the BZ19-
6 structural belt, Bohai Sea area[J]. Natural Gas Industry, 2019,
39(1): 33-44. |

(7] WK, 23055 VR, 2 i de b A B i TR L A
WA 132 il IR B0]. P R 1, 2021,33(1) 13-

22. [ Xue Yong'an, Li Huiyong, Xu Peng, et al. Recognition of oil
and gas accumulation of Mesozoic covered buried hills in Bohai
Sea area and the discovery of BZ 13-2 oilfield[J]. China Offshore
Oil and Gas, 2021, 33(1): 13-22. ]

[8] Zhao G C, Wilde S A, Guo J H, et al. Single zircon grains record
two Paleoproterozoic collisional events in the North China Craton
[J]. Precambrian Research, 2010, 177(3/4): 266-276.

[9] DengJ, Wang C M, Bagas L, et al. Crustal architecture and metal-
logenesis in the south-eastern North China Craton[J]. Earth-
Science Reviews, 2018, 182: 251-272.

[10] Ye T, Chen A Q, Niu C M, et al. Structural, petrophysical and
lithological characterization of crystalline bedrock buried-hill
reservoirs: A case study of the southern Jinzhou oilfield in off-
shore Bohai Bay Basin, North China[J]. Journal of Petroleum
Science and Engineering, 2021, 196: 107950.

[11] Zhao G C, He Y H, Sun M. The Xiong'er volcanic belt at the

southern margin of the North China Craton: Petrographic and



1350

A

»y,
2

Eild

5424

[13]

[14]

[15]

[20]

[22]

(23]

geochemical evidence for its outboard position in the paleo-
Mesoproterozoic Columbia Supercontinent[J]. Gondwana Re-
search, 2009, 16(2): 170-181.

Zhao G C, Zhai M G. Lithotectonic elements of Precambrian
basement in the North China Craton: Review and tectonic impli-
cations[J]. Gondwana Research, 2013, 23(4): 1207-1240.

thE R B ORI R BT ST . B BT M]. b
ot Bl AL, 1985, [ Laboratory of Marine Geology, Institute
of Oceanology, Chinese Academy of Sciences. Bohai geology
[M]. Beijing: Science Press, 1985. |

BEAR WA IR — P IR G A i rE ). A
M5 KA M, 1992, 13(3) : 272-283. [ Qi Jiafu, Chen Fa-
jing. Structural style in Liaodongwan-Xialiaohe Basin[J]. Oil &
Gas Geology, 1992, 13(3): 272-283. |

BRI SR, SO 5 L AR E A A =
HH BT[], AR R A 2R (SRR R L 2008, 35
(2):187-193. [ Dai Chaocheng, Zheng Rongcai, Wen Huaguo, et
al. Origin of lacustrine dolomite in the Paleogene Shahejie For-
mation of Liaodongwan Basin, China[J]. Journal of Chengdu
University of Technology (Science & Technology Edition),
2008, 35(2): 187-193. ]

XN BRUEFE, AR 5R 45 L IDAR I O AR R LA AR S
23 A LB E (). DLRLA 4, 2015, 33 (5) : 919-931. [Liu
Lei, Chen Hongde, Xu Changgui, et al. Study on seismite fea-
tures and its time-space distribution law of Paleogene in
Liaodong Bay Depression[J].
2015, 33(5): 919-931. ]

LiuY S, HuZ C, Gao S, et al. In situ analysis of major and trace

Acta Sedimentologica Sinica,

elements of anhydrous minerals by LA-ICP-MS without apply-
ing an internal standard[J]. Chemical Geology, 2008, 257(1/2):
34-43.

Ludwig K R. ISOPLOT 3.0: A Geochronological toolkit for
Microsoft Excel[R]. Berkeley Geochronology Center Special
Publication, Berkeley: Berkeley Geochronology Center, 2003.
McLennan S M, Hemming S, McDaniel, D K, et al. Geochemi-
cal approaches to sedimentation, provenance, and tectonics[M]//
Johnsson M J, Basu A. Processes controlling the composition of
clastic sediments. Geological Society of America, 1993.

Bhatia M R. Rare earth element geochemistry of Australian Pa-
leozoic graywackes and mudrocks: Provenance and tectonic con-
trol[J]. Sedimentary Geology, 1985, 45(1/2): 97-113.

Boynton W V. Cosmochemistry of the rare earth elements:
Meteorite studies[J]. Developments in Geochemistry, 1984, 2:
63-114.

Sun S S, McDonough W F. Chemical and isotopic systematics
of oceanic basalts: Implications for mantle composition and pro-
cesses[J].
1989, 42(1): 313-345.

Hoskin P W O, Schaltegger U. The composition of zircon and

Geological Society, London, Special Publications,

igneous and metamorphic petrogenesis[J]. Reviews in Mineralo-

[24]

[25]

[26]

[27]

(28]

[29]

[30]

gy and Geochemistry, 2003, 53(1): 27-62.
SRR, B TR A5 ARt s fr AL SR R R T i
JZRIIF0]. AR 2R GERRRZ D , 2018, 48(6) : 1609-
1624. [ Wu Heyuan, Zhao Zongju, Wang Jianguo, et al. Cambri-
an sequence stratigraphic framework in northern margin of
North China Craton[J]. Journal of Jilin University (Earth
Science Edition), 2018, 48(6): 1609-1624. |

RIEHR IVE B e, A T E TR AL A A HUZE R Sy Fxl
] R 228, 2021,45(3) £ 223-249. [ Zhu Maoyan, Sun
Zhixin, Yang Aihua, et al. Lithostratigraphic subdivision and
correlation of the Cambrian in China[J]. Journal of Stratigraphy,
2021, 45(3): 223-249. ]

TR IR RRBE. AEat T =R KR W NI L o
A1 SHRIMP 4R % : ARt 5 3138 5 2 9 U5 DX R e RO URVAE I 1Y
FRAE ()], Blegii ik, 2003,48(18) : 1970-1975. [ Wan Yusheng,
Zhang Qiaoda, Song Tianrui. SHRIMP ages of detrital zircons
from the Changcheng System in the Ming Tombs area, Beijing:
Constraints on the protolith nature and maximum depositional
age of the Mesoproterozoic cover of the North China Craton[J].
Chinese Science Bulletin, 2003, 48(18): 1970-1975. ]

B, AR, 23, A5 ARdt s hnil oo R—Fo il AR
M BT R A AL RCPE 1h IX TR R IR 2 R B LA-
ICP-MS U-Pb AR 22 HEHE [T]. #2424 ,2013,29(7) : 2508-
2536. [Hu Bo, Zhai Mingguo, Peng Peng, et al. Late Paleo-
proterozoic to Neoproterozoic geological events of the North
China Craton: Evidences from LA-ICP-MS U-Pb geochronology
of detrital zircons from the Cambrian and Jurassic sedimentary
rocks in western Hills of Beijing[J]. Acta Petrologica Sinica,
2013, 29(7): 2508-2536. |

T2, S AR, ok, 55 . JUat BV RIS Rs A —
FoC AR Z 850 U-Pb AR IR HE [0 28 BIF 58 S 5 72 S
[7. &A%, 2011,27(6) : 1721-1745. [ Ren Rong, Han Bao-
fu, Zhang Zhicheng, et al. Zircon U-Pb and Hf isotopic studies
of basement gneiss and overlying Meso-Neoproterozoic sedimen-
tary rocks from the Changping area, Beijing, and their geological
implications[J]. Acta Petrologica Sinica, 2011, 27(6): 1721-
1745. ]

Wan Y S, Liu DY, Wang W, et al. Provenance of Meso- to Neo-
proterozoic cover sediments at the Ming Tombs, Beijing, North
China Craton: An integrated study of U-Pb dating and Hf isoto-
pic measurement of detrital zircons and whole-rock geochemistry
[J]. Gondwana Research, 2011, 20(1): 219-242.

A VLI, NG, S5 WLk R A H R K2
L 5 47 LA-ICP-MS U-Pb 4Rty K Hod 38 iy b 38 2 S (1.
Mo BT %% iz, 2017, 91 (8) : 1760-1775. [Wang Zhentao,
Shen Yang, Wang Xunlian, et al. Detrital zircon LA-ICP-MS
U-Pb dating of the Changlongshan Formation of Qingbaikou
System in Huailai county, Hebei province and its tectonic-
paleogeographic significance[J].
91(8): 1760-1775. ]

Acta Geologica Sinica, 2017,



el AT RRAE AR ISR T i KO LD 28 A0 b W IR e S b TR

1351

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[43]

FuJ H, Liu S W, Zhang B, et al. A Neoarchean K-rich granitoid
belt in the northern North China Craton[J]. Precambrian Re-
search, 2019, 328: 193-216.

Guo R R, Liu S W, Gong E P, et al. Arc-generated metavolcanic
rocks in the Anshan—Benxi greenstone belt, North China Craton:
Constraints from geochemistry and zircon U-Pb—Hf isotopic sys-
tematics[J]. Precambrian Research, 2017, 303: 228-250.

Wang X P, Oh C W, Peng P, et al. Distribution pattern of age and
geochemistry of 2. 18-2. 14 Ga I- and A-type granites and their
implication for the tectonics of the Liao-Ji belt in the North Chi-
na Craton[J]. Lithos, 2020, 364-365: 105518.

Li Z, Wei C J, Zhang S W, et al. Neoarchean granitoid gneisses
in eastern Hebei, North China Craton: Revisited[J]. Precambrian
Research, 2019, 324: 62-85.

Han C M, Xiao W J, Su B X, et al. Neoarchean Algoma-type
banded iron formations from eastern Hebei, North China Craton:
SHRIMP U-Pb age, origin and tectonic setting[J]. Precambrian
Research, 2014, 251: 212-231.

SRAOME , I . ARIb vd S 5 T 4 DX s TR RRRL A 72 B AR T
B9 Sm-Nd 4E X 2% [J]. BE2%30 4, 2000, 45 (19) : 2055-2061.
[Guo Jinghui, Zhai Mingguo. Sm-Nd age dating of high-
pressure granulites and amphibolite from Sanggan area, North
China Craton[J]. Chinese Science Bulletin, 2000, 45(19): 2055-
2061. |

Guo J H, Sun M, Chen F K, et al. Sm-Nd and SHRIMP U-Pb
zircon geochronology of high-pressure granulites in the Sanggan
area, North China Craton: Timing of Paleoproterozoic continen-
tal collision[J]. Journal of Asian Earth Sciences, 2005, 24(5):
629-642.

Bhatia M R, Crook K A W. Trace element characteristics of
graywackes and tectonic setting discrimination of sedimentary
basins[J]. Contributions to Mineralogy and Petrology, 1986, 92
(2): 181-193.

Liu Z F, Wang H, Hantoro W S, et al. Climatic and tectonic con-
trols on chemical weathering in tropical Southeast Asia (Malay
Peninsula, Borneo, and Sumatra) [J]. Chemical Geology, 2012,
291: 1-12.

Nesbitt H W, Young G M. Prediction of some weathering trends
of plutonic and volcanic rocks based on thermodynamic and ki-
netic considerations[J]. Geochimica et Cosmochimica Acta,
1984, 48(7): 1523-1534.

Nesbitt H W, Young G M. Formation and diagenesis of weather-
ing profiles[J]. The Journal of Geology, 1989, 97(2): 129-147.
Cullers R L, Podkovyrov V N. Geochemistry of the Mesopro-
terozoic Lakhanda shales in southeastern Yakutia, Russia: Impli-
cations for mineralogical and provenance control, and recycling
[J]. Precambrian Research, 2000, 104(1/2): 77-93.

Cullers R L, Podkovyrov V N. The source and origin of terrige-
nous sedimentary rocks in the Mesoproterozoic Ui Group, south-
117(3/4):

eastern Russia[J]. Precambrian Research, 2002,

[53]

157-183.

Taylor S R. The continental crust its composition and evolution:
An examination of the geochemical record preserved in sedimen-
tary rocks[M]. Oxford: Blackwell Scientific Pub, 1985: 312.
Shao L, Stattegger K, Garbe-Schoenberg C D. Sandstone
petrology and geochemistry of the Turpan Basin (NW China):
Implications for the tectonic evolution of a continental basin[J].
Journal of Sedimentary Research, 2001, 71(1): 37-49.
Wronkiewicz D J, Condie K C. Geochemistry of Archean shales
from the Witwatersrand Supergroup, South Africa: Source-area
weathering and provenance[J]. Geochimica et Cosmochimica
Acta, 1987, 51(9): 2401-2416.

Roser B P, Korsch R J. Provenance signatures of sandstone-
mudstone suites determined using discriminant function analysis
of major-element data[J]. Chemical Geology, 1988, 67(1/2):
119-139.

SRR, NG RIRAN, A 2R B I DI T L A 3
WM BTIR X LA - o A WA 547 U-Pb-HI [ (3 3 1S [J].
AAFY SR, 2011,30(1) ¢ 1-12. [Diwu Chunrong, Sun
Yong, Liu Yangjie, et al. The protolith nature of quartz sand-
stone from Changlongshan Formation in Liujiang area, Qin-
huangdao city: Evidence of U-Pb and Hf-isotope from detrital
zircons[J].
1-12. ]
Zhai M G, Hu B, Zhao T P, et al. Late Paleoproterozoic-

Acta Petrologica et Mineralogica, 2011, 30(1):

Neoproterozoic multi-rifting events in the North China Craton
and their geological significance: A study advance and review
[J]. Tectonophysics, 2015, 662: 153-166.

FHIE . At se S A s A [0 b BTy 24, 2019, 25
(5) : 722-745. [ Zhai Mingguo. Tectonic evolution of the North
China Craton[J]. Journal of Geomechanics, 2019, 25(5):
722-745. ]

Hawkesworth C J, Dhuime B, Pietranik A B, et al. The genera-
tion and evolution of the continental crust[J]. Journal of the Geo-
logical Society, 2010, 167(2): 229-248.

Wan Y S, Liu D Y, Song B, et al. Geochemical and Nd isotopic
compositions of 3.8 Ga meta-quartz dioritic and trondhjemitic
rocks from the Anshan area and their geological significance[J].
Journal of Asian Earth Sciences, 2005, 24(5): 563-575.

Yang J, Gao S, Chen C, et al. Episodic crustal growth of North
China as revealed by U—Pb age and Hf isotopes of detrital zir-
cons from modern rivers[J]. Geochimica et Cosmochimica Acta,
2009, 73(9): 2660-2673.

M F e XA, g AL TR Ll ZE AL BT A A ca
2.5 Gafllca. 1.9 GaZB B4R I 1C sk M H L BT S [)). A A1
42,2019,35(4) : 969-988. [ Xiao Lingling, Liu Fulai, Zhang Ji-
an. Records and its geological implication of metamorphic ages
of ca. 2.5 Ga and ca. 1.9 Ga from the Zuoquan metamorphic
complex in the Trans-North China Orogen[J]. Acta Petrologica
Sinica, 2019, 35(4): 969-988. ]



1352 o % R 428
[55] SEHFZ,XHE, NG . AEAb e b B 2 KB4 4 i B i ik [63] SR, ARMEL R, % . Aedbse bl by o bl A i

[58]

[60]

[62]

[J]. A 2#4,2018,34(4) : 999-1018. [ Diwu Chunrong, Liu
Xiang, Sun Yong. The composition and evolution of the Taihua
complex in the southern North China Craton[J]. Acta Petrologi-
ca Sinica, 2018, 34(4): 999-1018. |

S TAR SR . AR AL ST R AR R b e 14 A R R Ak
[7]. “FAA2#4%,2021,37(2) : 317-340. [ Diwu Chunrong. Crust-
al growth and evolution of Archean continental crust in the south-
ern North China Craton[J]. Acta Petrologica Sinica, 2021, 37(2):
317-340. |

EH, SEAT AR . ARIL I AR R 2k BIF BUBRE L 5k
Ll e 24 1 U-Pb AR I KR ™ I 1 BR AR T 29 (7], 15
Bl 2021, 56 (3) : 951-971. [ Wang Xiang, Ma Changgqian,
Deng Jialiang. Zircon U-Pb ages of metamorphic volcanic inter-
layer in the BIF type iron ore at the southeastern margin of the
North China Craton and their constraints on the formation time

of iron ore[J]. Chinese Journal of Geology, 2021, 56(3):

951-971.
Zhao G C, Sun M, Wilde S A, et al. A Paleo-Mesoproterozoic
supercontinent: Assembly, growth and breakup[J]. Earth-

Science Reviews, 2004, 67(1/2): 91-123.

Li S S, Santosh M, Cen K, et al. Neoarchean convergent margin
tectonics associated with microblock amalgamation in the North
China Craton: Evidence from the Yishui complex[J]. Gondwana
Research, 2016, 38: 113-131.

Zhao G C, Li S Z, Sun M, et al. Assembly, accretion, and break-
up of the palaco-Mesoproterozoic Columbia supercontinent:
Record in the North China Craton revisited[J]. International
Geology Review, 2011, 53(11/12): 1331-1356.

LiSZ, Li XY, Wang G Z, et al. Global Meso-Neoproterozoic
plate reconstruction and formation mechanism for Precambrian
basins: Constraints from three cratons in China[J]. Earth-
Science Reviews, 2019, 198: 102946.

MR Te A AR, BRI BRI LR BUE 1 R i
71 R F LR A2 R Z AR IR D] A2l , 2021,
37(4):1015-1043. [ Xiao Lingling, Niu Luwei, Wang Guodong.

Geochemistry, geochronology and its geological implication of
metamorphic rocks of the Jiechekou Group in the Liiliang com-
plex[J]. Acta Petrologica Sinica, 2021, 37(4): 1015-1043. |

[64]

[65]

[66]

[67]

[68]

[69]

ARHC A DN 5 Al S A I 78 SC0]. R B4, 2021, 46
(11) : 3892-3909. [ Guo Minjie, Qian Jiahui, Yin Changging, et
al. Metamorphic evolution and tectonic implications of garnet
amphibolite from Yunzhongshan terrane in central North China
Craton[J]. Earth Science, 2021, 46(11): 3892-3909. ]
ARYRHE, B AAAE 2 bhan, 4 Ao db s rhoo i AU S g
FE[T]. HUFR A 5 HF5T , 2020,43(2) : 137-152. [ Xiang Zhen-
qun, Lu Songnian, Li Huaikun, et al. Mesoproterozoic magmatic
events in the North China Craton[J]. Geological Survey and Re-
search, 2020, 43(2): 137-152. |

AR, 1 3 AT A6 45 NS EIFIIX A 2% AL A
BIRE B AR BR AL [0 3R 5F 98 KX ILRT Columbia
Rl L R B[], A SRR, 2020, 36 (8) : 2431-2446.
[Kang Jianli, Wang Huichu, Ren Yunwei, et al. The Baiyun-
changhe A-type granites in Guyang area, Inner Mongolia: Age,
geochemistry, Hf isotope and response to the breakup of Colum-
bia supercontinent[J]. Acta Petrologica Sinica, 2020, 36(8):
2431-2446. |

PN, T WA, 45 . SR ILAL Bt Tt S B 1
AR AL B0 U-Ph ARAC B O R Y
AT A5, 2018,34(10) : 3116-3136. [Sun Lixin,
Zhang Yun, Hu Xiaojia, et al. Geochemical characteristics and
zircon U-Pb geochronology of Paleoproterozoic metamorphic
granites from northern Langshan, Inner Mongolia: Magmatic
response to the breakup of Columbia supercontinent[J]. Acta
Petrologica Sinica, 2018, 34(10): 3116-3136. |

Pisarevsky S A, Elming S A, Pesonen L J, et al. Mesoproterozo-
ic paleogeography: Supercontinent and beyond[J]. Precambrian
Research, 2014, 244: 207-225.

Zhao G C, Sun M, Wilde S A, et al. Some key issues in recon-
structions of Proterozoic supercontinents[J]. Journal of Asian
Earth Sciences, 2006, 28(1): 3-19.

BT A A g, 4 AR e Rl L = X T
ISR A TR I S i (0], AT, 2021, 40
(4) : 772-792. [ Yang Zeyu, Li Shanshan, He Dengyang, et al.
Geochronology and petrogenesis of Paleoproterozoic mafic intru-
sive rocks in Miyun area of northern North China Craton[J].
Global Geology, 2021, 40(4): 772-792. ]



41 AT RRAE AR ISR T i KO LD 28 A0 b W IR e S b TR 1353

Characteristics by Provenance of Quartz Sandstone from the
Neoproterozoic Changlongshan Formation in the Offshore Liaodong
Bay and Its Geological Significance
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Abstract: [Objective] The quartz sandstone of the Changlongshan Formation in the Qingbaikou system from the
Neoproterozoic was encountered during drilling in the southwestern Liaodong Bay, Bohai Sea. The in-depth study of
its provenance characteristics is of great significance to the anatomy of major geological events from the Archean to
Proterozoic in the North China Craton.[ Methods ] Five quartz sandstone samples collected from around 2 482 meters
in well BD4-1a were analyzed for whole-rock geochemistry and detrital zircon U-Pb geochronology. [ Results] The
quartz sandstones had high SiO, content (88.53%-93.06% ) , the chemical index of alteration (CIA) value was 69.5~
71.6, the index of compositional variability (ICV) value was 0.69-3.99, and the samples displayed high composition-
al maturity, structural maturity, and moderate weathering. The Th/U ratio ranged from 3.46-4.92, the Ci/Zr ratio of
0.17 ~0.35. The sum of the rare earth elements (SREE) is (8.26-24.12) x 10°, the low/heavy rare earth element
ratio (LREE/HREE) was 6.28~10.21, and the SEu was 0.77-1.04, which shows a weak negative anomaly. The U-Pb
ages of detrital zircons ranged from 2 744-1 581 Ma; the main age peak was ~1 845 Ma, and the subordinate age
peaks were ~ 2 225, ~2 340, ~2 600, ~2 725 Ma, respectively. [ Conclusions] Whole-rock geochemistry indicates
that the provenance mainly comes from felsic rocks of the upper crust. The 2.7-2.5 Ga detrital zircons record the
growth and tectonothermal events of the continental crust in the North China Craton. The 2.2-1.8 Ga detrital zircons
correspond to the crystalline basement formation during the amalgamation of the eastern and western blocks of the
North China Craton, recording the geological events of the Columbia supercontinent’s assembly. The 1.8-1.6 Ga
detrital zircon ages likely record the breakup of the Columbia supercontinent.
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