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Abstract: Recent advances in Meso-Neoproterozoic chronostratigraphic research in China have yielded critical
datasets and candidate sections for establishing standardized stratigraphic frameworks. This study presents new
chronostratigraphic findings from the southern margin of the North China Craton. Zircon U-Pb dating reveals that
tuff interbeds in the Longjiayuan Formation from Luonan County (1 526+16 Ma, MSWD=0.43, n= 8) and Qishan
County (1 53511 Ma, MSWD=0. 68, n=12), Shaanxi Province, constrain these deposits to ca. 1.53~1.52 Ga.
SHRIMP U-Pb ages of tuffaceous siltstone interbeds in the Duguan Formation further indicate an age older than 1 385+
46 Ma (MSWD=1.07, n= 6). Integrating these results with prior studies, we propose a revised Mesoproterozoic
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chronostratigraphic framework for North China, addressing the stratigraphic void within the Unnamed System and ad-
vancing the standardization of the Qingbaikou System. High-precision tuff-zircon ages from the Luoyukou Formation,
Longjiayuan Formation, and Duguan Formation enhance regional correlations between the Changcheng System and
Jixian System, supporting their establishment as continuous, complete stratigraphic units and strong candidates for
global geostratigraphic standards. Nevertheless, the discontinuous distribution of the Unnamed System and Qingbaikou
System in North China, coupled with insufficient geochronological constraints, presents challenges for reconstructing the
1.3~0. 8 Ga stratigraphic column and formalizing these systems as standardized geostratigraphic units in the near term.
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B4, B8 OEEEIRKA SHRIMP #5447 U-Pb 4534 K A8t 5o Rl A -7 oo F 246 28 4560+ 755

FeRRe 7 I DA R A, R, T PH A S
IABEE T 1 700~ 1 600 Ma, i B T Hb 24 P I
R LER, Ao R 5 I R T A M
JEEART L, AR S RS R A A A R AR
(FRSCHAE, 2015; #3CHE, 2016) KR 48)
MR - L gt b (#akiln, 1982, 2002;
SR 2011 BROGEBAE, 2015; 7R 3CTH, 2016; FE
OTEE L 2021) (K 7)

e/ -ZR 1 12 /N, R - dy A A R
ARE R R B E DR ORI 2R
RS LR A AR A B v L TR E A
HLF1 700 Ma JFHIRTURL( EASE, 2020) , 457 H A
JEEIRAR LH, 2/ X B E R R R [ 4l e )|
B SEABE K 7+ SHRIMP 45 47 U-Pb 4E #4508 49 K
HITme 8 R (RES, 2019, KA SCEE) . #liE
Hi% (2020) TE AR A S EE OISR IEAZ
) AR Y L K 5 92 )2 375 1 330410 Ma 1 1 332+
10 Ma P4 LA-ICP-MS #5417 U-Pb 4%, #Em % A A
WHHEFER, HamfEAARBHZ 280 =
2T 5 A AR I B AR AR IR 200 1 2~1..0 Ga | b
#8, 2018; Liu et al. , 2019; Zuo et 1., 2019)) P&
TSN BE E TR %40 1.0 Ga, ZRNHEREAL
FTZH LS A5 T-RS VR ' 860 ~ 940 Ma ( &) [
BIAE, 2600 0k, 2018 I EIMESE, 2019) 45 A X
W EX e S B A A G S BRI BN T E 7
HHERET),

e I -FE L 2N X, -l A A R
KB AR Sy 4 Hy e L 40 2 9% e
H AEAMZ R RIS A, T 60 AR
SERORE, LT S O A 25 R R
WWHE R T rh=Fon i AR, A B S (2012) 75 B #k
AT E S RIS S AR R S A U-Pb AR
1 655+22 Ma, ##F 17 4 W7 20 0 L1 B T R B IR 7 g 1
1 655 Ma., SR, Fi 0 L AF - 350 Hb J23 B¢ B8 B 26 0 {e]
AR A B A RS R EA W N A T T M
JERFAE | HLEAT 5% 0 8 5 A W (AR 2 1 200 ~
990 Ma ( P18, 2018; Z=4k £ 45, 2020; BB,
2020; EZZTE, 2021) , PR, o ph L A 9% Se w4 A
Iz AR A &R, A LA (8] R A7 7E S B
(B TCARIE T, 20 Rl ZH A Ry el % 8 B 1) e Ei B
1) i € IR 20 VKA 38 A o I g B ool R AL
ROHPRKAE, 1983; S Hm 55, 1988; il Y,
1990) (K 7).

(2) HEIL ZABIX

DA EL A A AR 0 - ool A A R I Ay
FEKIWAR B ERAMEADR, HHEFEE REET
IS M2 )E T RRE LR AE S8 B (R B 5, 1980
TRHEE 1989, X527, 1993; FIEESE, 1993; T
MiSE, 2008; FlibA4ESE, 2010) , fEAEAC i@t
2, DAL i B A IX O AR I ol FHE AU )Z
SRS T MR, E SRR (1991)
TER ] ELARAG R LR A TR 8 K 1L %5 ID-TIMS B 45
FiBE AT U-Pb 4FE# 4 1 62546 Ma , B K LTI A (AR
FRAETE 1 600 Ma -4, AT WA s 9y 2 A b b
DR =BTl S A AR R T A L H R S Y 4
W4 A A8 SR A BT oG iy T S 2 s B e A
JeJZ AR 136812 Ma FZ L (= PR 55, 2007)
BES , AR A5 (2008a) | Su &F (2008 ), 25 M b 45
(2009) FE£2 78 2 A X R Shld g 8 K e 2 FHR A
Hrp pyEg 5 P T R ES A U-Pb 4R, i
RN B 2 ) EHRBR I ZE 1 400~1 320 Ma,

i YRS (2008) (ZEPRHAE (2011) TE R IR fR I
VA H NI P 55 B AL A BES R A BIARAS T 1 685+
15 Ma Fil 1 67310 Ma (455 A U-Pb 4F#% , AT R E
TEIRAMIEA, WHIGE 2 15 H 0 I8 45 K
e )z SHRIMP #5417 U-Pb 4F ¥4 4 1 634. 8+6.9 Ma
(XS5, 2019) , HILF4H b HLE % LA-ICP-
MS &5 £1 U-Pb 4E# R 1 637 +15 Ma (5K 42 72 5%,
2013) , EAREAE(2008b) FRAS A LTI & AL A A
SHRIMP %% f1 U-Pb 44K 1 626 £9 Ma, iX L&
KW ES A1 U-Pb AR I K R IR E 7E 1 680 ~
1 600 Ma,

T2 5 (A VA= B O£ L R 1 = 3 =
SHRIMP #5471 U-Pb 4444 1 55912 Ma( ZEMH4E
2010) .1 57712 Ma( HIMESE, 2015) 5 S5k L4155 Y
MEZH (TN ) JiC B 5E JK 4 J2 )2 SHRIMP &5 1
U-Pb 4E#% 4 1 483+13 Ma 1 1 487+16 Ma( Z=Pf 3
S, 2014) 5 &) B S5 J2 7 4 0 A 4 T E K A
SHRIMP 547 U-Pb 44478 1 43721 Ma( 75 3CIHEAE,
2010) .1 439+14 Ma( Z=A84E ) 2014) , X LEAE Hff
S A1 U-Pb AR % 046 K i B R 29 7E 1 600 ~
1400 Ma(E 7).

TIAb, IR ZEAE (2016) TE SR R Z b 2% 235
FL Il BE R A RS 1 64015 Ma 1 1 646+
20 Ma M55 A U-Pb 4R A 1 213 1L 2H AT s
R, oAb b ool FHAEACHL)Z i EF R E 5 )
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B4, B8 OEEEIRKA SHRIMP #5447 U-Pb 4534 K A8t 5o Rl A -7 oo F 246 28 4560+ 757

a5 AR T HAER AR SRR,

IR R AR 2R ST R AR s b oo
FEH 2R 535 ARG FL B AL TR L TR B R T AR
A0 X =5 Tl A R R PR R A 5 AR
FHETT Hby DX 37 7 oty A A 23 A 2 1 2 ST AP Ak
X T o L M2 3R BB E | EATORG B 7 b ) X L R E
FEAEAL e P A4 3 vy st AR S 5 A HE R M R

M EPOCE AE A O RN T DIs4 R R
JeT A ) BRI L BT A 2 R
el . O 5 A 0RO SIMRAEH (KR
AL ) 7E b2 A e 47 @ iz 24
MIBERRHLZE (1.3~0.9 Ga) fEMEH e AL FH¥H
B A% B eI A i X

(3) WL FRIEH X

JIE 3T 3% i b 22 DX g R P TR AR % (1989 ) 1E X 42
W EHE T R LR AR VB DL ST I e 7B
WAL R S HBIX ( FER4E, 19805 Jf M, 1989
T R4, 2001) . BEIZHRIERX ) Z £ B H-# ot
WA R PR e 2 AR AR 55 H L e
J2 A RS R 8 A =2 W — LA
i, FELURNE LB R (B 8%, 1982, 1989;
RS, 1094 BiAL 2 1905 ARy =
Jay, 1987 T AR BT Ry, 19895 AR R AE,
1991 IR B P2 ey, 1991; 12455 1994,
TBHEEAE, 19965 75 K45, 2001) sl X947 H H
FOME(ERBAE, 1981; 5 A, 1980; ILARA
MU 7™ Ry, 19915 FRSCEAE, 2004) , #EA 21
ot Bl SRR B AE B AR I PRk R | e 30 i b X
T =BT SRR E S S R SR

o o g DX = T A R A A A A
VL VYT = G5 AN VT — A1 (35 bR ML R 7 )R
1988, 1997) , B i L &S H 41 4l B (£
B RS Bk AL) ANV (T AL/ GEVTA
FITF I FAL) X S ih )2 BT AN A B s e T
WACEGREZ b A XA Sk 4 f S b o o
A1 U-Pb 42 IE{H4E R0 1 119 Ma( Zhang et al. |
2021) , J3 B BTb R AR AR I (H AR I 1 181 Ma
(Zhang et al. , 2021) , 85 G612 AWM 3k U VE S A B B
A&, R 3 2 il 2 B PG AE 1.1~ 0.9 Ga (Zhang
et al. , 2021) (K 7).

SEREER: P I T = e a4 R M 6 = I T
oA B B kAl  HATILRE (AT

R RIGTFAH IS HI A BB (AT
MIAEWRTFAH =B ad SR EH E#XEH
FIRSERTAL) | X S ih )2 BT A B AN A B s 6 o
AR REZ b Hob 4R £ A d D A RS
B AR R O 1 151 Ma (AR A,
2010b) A1 1 077 Ma ( Yang et al., 2012), F& B} %5
(2022) B 3% SERE i 45 A AR IO L SR RIS I AR 4R
WE(EAFIE R 1 157 Ma, W k000 A 08 85 A miF
WEEAEIS A 1 181Ma( Zhao et al. , 2020) F11 103 Ma
(Zhang et al. , 2021) , JERAE (2022) H4 X SO JH #5 A1
AR B T S R AR AR R IR AE % 1 104 Ma,
RAH AP RRELSE S SIMS £H5 A1 Ph-Pb 448 923+
22 Ma F1909+7 Ma( Zhang et al. ,201") 947.8+7. 4
Ma(Zhao et al. , 2020) . 4 LH) 2% A A& 1E 5
B BRI AH AR M 934 Na( Ying ot al. , 2012)
MR A4 H 8 GO 0S¢ e SIMS #HS A Pb-
Pb 4E#A'974 20 Mo F1924+5 Ma, 2 A4 ERAF4H Y
FESkE SIMS Bt A7 Ph-Pb 4E #2431 & 900+34 Ma
1188 =5 Ma(Zhang et al. , 2016) (& 7)

BV A MW EAE RITHRILEH,
W AR 7R L 4 AN A A X S 3 2 A
TCAEAEGEEERTHRILEZ L, BILEA
T8 % A1 o AR SR W (E AR % 1 855 Ma(Hu et al.
2012) , BERIEA NI BAR R 3 RS A0
KOERI4ERS A 1 096 Ma( Hu er al. , 2012) , H TS
R B AT AT R IR (H AR 1100 Ma( JEDGRESE
2019) , VA LA £ A B AP R (E A4 R 1150 Ma
(BERAESE | 2012) (K 7),

AR DX R I KB SRR S L A T
T2l R R A A4, i SE H J2 BT R AN A
R LTI AW e el LT el S = R L R (145 R 9
B AR R I AE Sl 1 200~ 1 100 Ma(Li et al. |
2007; WMWL&, 2011; Liu et al., 2020; F %5,
2021) . PERFAF (2022 ) B 3 S 1 i B A 47 i B0 T
SUFIRTRAR IR I (E AR 1 110 Ma( Bl 7)

{0 [ 8 [ o O = I T - = s A Q= I N
LR AL B SRILZE BT B A X AT 4L 5 e 4
JUTIL 2 SRR BRAEA s AL AR LA ) A AT
BECA TR LA SIS A IEA) o Hr S e £
AR RIEE R A 1 121£27 Ma( Yang et al.
2012) 5 Pel 21 B s A B AR R I (E AR Ol 971 Ma
(Sun et al. , 2020) , Mtz A S A 854 U-Pb
FEJEH 925+10 Ma( Liu et al. , 2006) .930+10 Ma
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(Gao et al. , 2009) .943+8 Ma( Zhao et al. , 2020)
S R TR 5 A I AR R (R AR I 950 Ma(He et al.
2017) , RAEINA LA G U-Ph 484 890
+14 Ma F1 897+16 Ma( Wang et al. , 2012) , 4 1L1%E
YR S % A B AR R I (AR % 820 Ma (He et al.
2017) .825 Ma( Yang et al. , 2012) . 5 )5 4L WE )5 &5
A IR N 5183 Ma(He et al. , 2017)
(E7),

Werg X /R b ZE A IEECA RN
BRI X EMAmpd+ B R ihg) R
FECATm USRI PO T 2 ) |, 3 26 3 )2 5
TCAEAEGE SN oo R Z B, A
N IR 5 A B AR R (B AR %y 1 834 Ma( JEFR}
&, 2022) , RIEMAWE)E B A LA-ICP-MS 45
WA (R AF % 990 Ma(ZE#5, 2019) 1 115 Ma( 25064
&, 2021) 993 Ma( RIS, 2022) , U+ B KL
(FFEA) W8 8 A AR IR 1 08410 Ma
(Zhao et al. , 2020) .1 159 Ma ( ZE)E 445 ,70021) -
975 Ma( Z=£ER), 2019) (F 7).

5 LIRS B A AR R AR e TR E B X -
T A R R UTR B AR F 1200 Ma, ) 3k
AT AR B DU BR 45 10 B LT 20 Ma, 4T
DX 41l ZE A0y BT AT £ A e 25820 May,
BE AT 5 Db o S AR #E 1200 ~
820 Ma Z [N\ AR, At e i p S B P I AR TR
H DX = oT o A R £ R kB U
(MT A4 ) , 490 , 25 6 s DX 28 ) R 2 v 21 Lk il
TR 2 AR b DX R S U8 2 - 4 R A 2 e b i IX
FAvVEH SV X G E A RE X E I H R
X PUTR L 2%, 1T MT #4)58 EAT s 1R ) 38 7w
B, — M AR AR IR, — BB T ek
KUK Z A 45, — PR 2 0. 72 Ga Z Wi, &
BAE1.5~1.4Ga LI 1.1~0.9 Ga LI HKE
(i HE 4k 55, 20065 B 20 £ 5%, 2011; Hodgskiss
et al. , 2018) | 5 BIT A4 b X P =37 o AR 2 i
JEEE A U-Pb AF IR AW &1k, SPTHLIX L1 TRER
LUV RN 7 LU 2 T R X\ L R4 b 2
IRE S B A BRI (E AR/ 1 850 Ma 247, 514
VG X LR T ) 2L o S %y B AR R W LA W
FHIE, PTRE MK IRZR (7))

e yehrid ) iz R B T -Hoot A, b DAl
Jb AT MG R AR AL e % B TR G R AN AR L 4R 2
WAL ARUEI X K & e iz, ARk, B SRS

DIAE LN SR e fedbdb s b = ool St vk
13 RIKGHES A U-Pb AR08 (DURZLIG A K LA AR
U B ICA AR ) | Bl S Rl 22 7E A b B 3%
WA T2 e R AL | AR 0 20 5 3R A 6 B R B
U-Pb 4%, 328107 58 AU s X K Ik &R i B & 9 b
SRR 58 AR R i B R AR AR X AT L) 5E
ESE Y ST R, B R I AN B A B o B2 B A T A
BE, BRI, 244K 22 i 98 B 40 M 5T o 5 Ak 2 A B A AR
JeHb X TR AR R H O R Z 20 % B
Aebh DA B 12 B R A 2 22 | W] B
ME DL TR RS B A 2 b )2 B A I AE X 5 A8
L TR s A R B AR A A B A U-Ph AR
SR PR EAE 1 200~820 Ma “7ap & 7)., HZ
T A AR 22 B FE R 20 b BT 7 5 R K S b 2 BT
AN T RBE KA T2 R NS i o E R
TN SN DRI S e (8 K AWl FF 53
AR A B R W, WA X AE A b b DX SELRR b 22 A rh
AR HLEC 1/5~0. 8 Ga) , #E MR M7 e b Hh X 3
NIREL RN H R ARERIIH
6 45

(1) FERPa i pg EL A (L ELVEE ORI R 4l
BEIR I E A5 1 526416 Ma F1 1 53511 Ma HY
SHRIMP #541 U-Pb 4E#% i — L BEFIZY o T K
bel 20 A AR 5

(2) XFFEOCLEE K BTk b8 92 2 3£ 4T SHRIMP
Bif U-Pb AR 0E5T, BRE T XA 2 T
1 38546 Ma, ‘B i [ HF 0 52 bl 25 F1 i 5C 41 5 K
SHRIMP %545 U-Pb 4F#% S A2 At b 2 F R 2 1 i 2
FRIEATXF LU T HR AL T A5

Bst 12K R RGR AT BN R A
TLT T B LG A BT R A x| AT A
B e R AL AR T T R a0 I, s — S
s,
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