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Abstract In order to reveal the driving mechanism of sea level changes in the North China Basin in
the low latitudes of the Late Carboniferous. Taking Benxi—Taiyuan Formations in Liujiang Coalfield of North
China Basin as an example, the restoration of sea level change in low latitude area and its relationship with
glacier cycle in high latitude area are studied. The results show that: (1) Three sedimentary systems of
coastal plain river-lake, littoral zone and shallow sea are identified in the target strata of the study area.
The changes of sedimentary environment record two secondorder transgression-regression cycles ( Bashkir-
Middle Moscow period and Late Moscow-Early Assel period) and four third-order transgression-regression
cycles ( Early Bashkir period, Middle Bashkir — Early Moscow period, Late Moscow period and Late
Moscow-Assel period). (2) The highlatitude glacial and interglacial periods correspond to the second-
order relative high sea level and low sea level periods in the study area, respectively, indicating that the
high-latitude glacial cycle is the main controlling factor of the second-order sea level change in the late
Carboniferous low-latitude North China Basin. (3) The coal-organic-rich mudstone and bauxite developed
during the glacial period, indicating the falling sea level and temperature during the glacial period, which
is conducive to the exposure of sedimentary interfaces, swamping, and the generation and preservation of
organicmatter in the epicontinental sea basin. At the same time, the decline of sea level during the glacial
period also caused the prevalence of dry-wet alternate flood plain environment. In this environment,
terrigenous clastic sediments are reweathered and leached, which promotes the formation of bauxite
mudstone or bauxite. This study deepens our understanding of the driving mechanism of sea level change
and the accumulation of sedimentary minerals such as coal and bauxite in the late Carboniferous North
China Basin.

Key words Late Carboniferous, North China Basin, sea level change, glacier cycle, coal and
bauxite
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E WA M (Lu et al., 2021a; Zhang et al.,
2022), IR AL (ORI — ] 7Kk 39 e
ml) . AR EIE WS HLER s ) |
REMRAMYE S S AR (KR
YR N 55 M0 R I T SR PR 5 R A T Y TP R Ll ED
JEE RN, K il A0 58 BF 5 51 /6 1) B B a1ty )
Sk iEsh A 2% J7E ( Torsvik et al., 2008; Lu
et al., 2021b) . FFH., Moty AR % WIIF AR — €
AR, e H 2 AR Y0 1~ 8 Ma HYFEYR
UK T L - S5 I A0 50 T 1 1Y ) oK 934 B ( Xiang
et al., 2015; FhimAd F43CHE, 2020),

HT, XA RN RTER R R L B
25 BRI A5 3 DB TR . A A et
REFHRY, KR IE R T 4 RFER 8K
(C3. 317.0—315.0Ma; C4. 313.5—308.0 Ma;
P1:299.0—290.0Ma; P2. 287—280 Ma) Al 3 X
E AT Sk 82 £ 1) Kk 30T, T 2 e A 9 R BT 4374 el XA AT
1~2 AKkEid % (Fielding et al., 2023) . X4 Hi,
ZFiEE (8", 8"CH CIA %) H5/R, [k
b DX 33 26 R — (1) A 8 B 51 1 A kA 1 R
W3l (Veevers and Powell, 1987; Frakes and Fran-
cis, 1988; Isbell et al., 2003; Fielding et al.,
2008 ; Fielding et al., 2023; Zhang et al., 2023),
HOE T X 2e R A vk IB1) ATl () vk 399)
W SRR 14 7K B 2 75 23 51 4 Bk - 1 i 22 AL,
FURTAF AR R R B4 8 AR GE LA T EL AR ok DA
A A RIS il G vy A AT S T2 b Y T 0K Sl AL
i, SR T 60 ~200 m Z [A) i w45 F- 1 T R
(40~412 kyr) , 1fi 5 X EC 44 vk 31— 1] oK 3915 [0 3K &
V18 8 V- T8 T 2R AN Dy S W oty A AR5 [ A i A 3t T AR
Yy oy Be . B E 112 Y AR IR (Wanless
and Shepard, 1936; Veevers and Powell, 1987;
Fielding et al., 2020) . #R1M, — b2 X BLA
R VRN 3% 9 38T PF i B2 ok 1A FR A 5 003 35
(Isbell et al., 2003) , A A £ 20 X BL 90 K fifi 32 %2
KT B BR A i Lk ], H B R P A A A Y
T8 Y- T A M S /DS T A [ A T LA
RAARLKRZE ZBLY R KRR KR (P oK)
P8 A A T T LA A R ] )22 3 i ) - T R
t.

WAy 7 e U Il 2 ¥ 4 3 10 T o TE AR 26 5 31X,
A GERTIMEY 2] 1B MR E) AT

LN E, EEOh 1 BIREMARE S B BE
IR D E ARG B S ) TR S EAH AR o
WP EREER S REEPZ—, FndEi R
BETUAEEEFNY ., siAERILARLE——F
QUEW . UURRL M AL A5 T A I 5k Ak 4 G
(Xiang et al., 2015) , 2JF W 28 AR5 46 1 vk )i
JiE [l 5 R 26 38 i DX i AR AL e &, LA RO
(. s EmT) REMBITR BB, AKX
WF5E AR AL 2 AR L 30T b 4 28 52 55 i A0 VL AR AR
B — KR T BT 4, AR AT HE 7 1 4R
FRHLZ M SR, )T AH FURH 20 5 e AE 0 TR BR 8
i FCRBUI K A £R 8 L SR AL — 3 T 25 5000 il )
WIE R BT AR IR, ST PR S A IR 4 — K e 41
T BT AR Y TR N TS A £ o e A A
T X1 V- T 12655 X1 RO 4N DR i oK E 1T F %oF L, 48
7 17 24 B2 IX) B 9 DRIt o I (w1 45 e I 2 b e A e 1
VT 22 AL Z A ) &R

1 EES

Wi A1 A AR b B A7 T b 26 10°~20° ke
e ry At g, AL T AR T3 S0 A N 5 B R R
ey (BSR4 RE) , B 1-a fros. %
IR Y 32 20k B Jbm ey Bl Bl (O o
1997; Frisch et al., 2012; Zhang et al., 2014;
Dong and Santosh, 2016) ,

LA == I VA < [l OB S 1 S P
( 1=b), AEH . KJEZH A PG 4 A 3 )2 e 22
AKX MYn (SR MREZERWE 1-
¢ fim. ARV B G RM R DR EAH
KEZ b, RBEMAZ FES T U T ORI ZH Al vy
Mo A=z E T Eadl kT 176 2/ (#o-#
1) MeEF+a (G-BJE, B 1-c), AREHMN
PR — RO R TUE KR OB U | B4k
W5 T UA JeA Se A b s BRSO S KA A
o ORI ZHL R S K 8 oA S b, BERIB X
A . R R K (5 — b R 2 v AR A D A
B S5 e AR T2 5 R Dy B 9 R R T A
R IR VUSSR R A A R, Rk
JRAEBB, PFRIX G £ B EH H AN R
RECKH AR, BHACAAN LT, &KEITIEL .
HIE MR 45 T . KLk IR B 85 A BORL, 578
AR KL K 5T (Yang et al., 2020) A
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a— AR VARG I E R (~301 Ma; Scotese, 2014); b—Wi {1 s A LR UTARFREE (~300 Ma; & A IS, 1997);
c—AH A X R AR ALY R AT MADR IR S (Wang, 2010)
1 AR AR b At DX o7 ¥Rt o T

Fig. 1 Location and geological background of northeastern North China Basin

HAEE 0 —de, 5 UURUE 52 - JRL I 36 (7] 5 o5
sUHK IR (IEKIE RS ) o WL, BN
R BE K AL A AR X BB R A AT B
G4 (G: 322.7+3.1Ma; F. 316.3+4.4 Ma;
E. 310.0+4.0Ma; D 301.2+3.3Ma; C: 290. 1+
3.0Ma; B: 282.9+3.4Ma;) (Lu et al., 2021c),
EEMYEmILa (A, 1989), ALK
XA B 21 R0 R i 20 53 50l 249 o Ry B2 A i IR — B S B S
ARV R—B 5 SR (K 1-¢) .

2 WEHRS R

AU TS BT 1 7 1] 26 ) W (40. 1°N,
119.6°E) ARBEAMKIEH T B, HREHE IS
Fah 59 1F . Wa R LS PERIICARERD 3 7F. Bb A
FUR A FE b AT A A W R BIAE R A 0 5 . ea i
An B TE 32 200 HIR4R 00 2 0y, FERERAB AR 5
BREIT R 4 K H mL I = g0 ) B AT B A HL
(TOC) MR ILE M X F TOC ik, HIEH

W A FHYE 2 FE 5 AL BRTCHLER , SRS 8 e — At
SETA (145 CS580., R AILAG I B 100 mg/ g i 4
XEAY TR 22 £0.2%) . # ¥ E A% (GB/T-19145
-2003) 47 TOC & & W &, it o & o A,
R SR TRV %, SRS B LR S
THFEAL (B Finmigan-MAT, AH X 70 #7 1% 22
+5%) M+,

ARPFRF TR SPCEMLE ()5 X
Hffi 1] St/ Ba RoR ) RN K A ER FBE L KR R
FR AL — 34 J5 M2 5] o W S T 5T DU B 1
FHEARIE Z —, R AH B o A RN, KRR
— B S IR K B 2 JFOK FURUK AR A R, MRk S
KR A B, K H ) Ba 5K H iy SOT 45 4 A
BaSO, JILVE T2k, 1fi SrSO, My g BEAR K, AT L4k
Srml i, Hik, kiR Sr/ Ba fH— Tt
e B o BN [a] DX B A& b K 3R BE (Y Sr/ Ba
P A BRAEAE 22 5% (XU 30, 1985) o W iy 1p Al
WAL H AR Y @ —H L 2, IRAK . 2 JHROK R
JK Y Sr/Ba {H ¥ {H 4> 5 R 0.148 . 0.462 A
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0. 575, T A ) iof AT FLIEF T, AR 7 F) 0 (L 23 31
S 0.35, 0.714 F1 0.818 (X%, 1985), 7Ef1
WAL — B LSRR Z WA, WK . 2 RUK FE
KA SRR A 4 o 0.2 A1 0.5 (Wei and Al-
geo, 2020). LAk, X TE (1) OF M ECHE K
DA EDTRR 04 JB DT AR, T i A It A 4
it (T ERE) JRY, BT e e
PEAE K T LA R Z H AR AE T, S Ui
Sr. Ba TR MK ZEFITH, #MIZHEITRY A
G St/ Ba fH AR R KA R BE (B RS, 20215
Wang et al., 2021),

ARRBFEF A TR ST R IE (J53CH
i V/(VH+NI) RoR) R 48R TUBUK A B4R AL ik
Bk, 6K AR (0, >2.0mL/L, HS =
OmL/L), V EEEFEME TS TE5E KA
B (0,<0.2mL/L, H,S=0mL/L), V $ & 5%k
VO3, SA LGS KA DU s ALK AR (O,
=0.0mL/L, H,S>0mL/L), V #iik—ik 5 kX
R V0, FI V. (OH), MiiE— B Ui, 5 VAR,
Ni R4 KA B LB FIE A2 (NPT) sl DAk
BREL (NiCO,) JE s ul A AL o W B 5 e B Ak K A
B, NifEsAEEm ALY (NiS), Al DUAE [ 25
BE TR 218 W, 5 Ni AL, AR AR
RN BT, VISR, SOAr AW &3 V/(V
+Ni) (E AT PAAE 78 K A B0 A & R, JF R R
LR WAL BREFT B AR AL KA BT AR 23
SR E R 0.45, 0.6, 0.82 F10.84 (& F#H 4,
2021) o AWTLRIEE oMb, AHL A E . B
VR TR | R R S LA R T RRRE Al 3R i R 7
A B AW (Li et al., 2021; Fielding
et al., 2022; Morales, 2022),

3 ARERSHH

3.1 HHEHE

WFFEHb)Z Sr Al Ba ¥R | LA K Sr/Ba {H A0 2
FFne St W JE(E N 34.4 ~215.0png/g (F 3
81.3ng/g), Hh 4 ZH+AFEMEN 344~
215.0 pg/g (P39 124.5ug/g), HALKESH(H K
45.8~127.0 ng/g (V¥ 71.1 ng/g) . Tl f Sr
HMELE Cl1-4 (G E#i+ &) . C5. C15 fi1 C18
JEHI 4 ADHIX X . Ba JLEWREAE K 210.0~

782.0 pg/g (“F15401.33 ug/g), Mo 4215
Be S b 210.00 ~ 215.00pg/g ( F
328.00 pg/g), H flt A & ok FE(EH S 216.0 ~
782.0 pg/g (“F3421.9 pg/g) o Ba ¥ 1 A
AR B A A, B SRR E, fE G5, C10,
CL5 F1 C18 JZH B 4 D IEAE ; 7E&TH 17, Ba ¥k
JE R R T G
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Fig. 2 Correlation diagram of Sr and Ba element content

in Shimenzhai section, Liujiang coal field

Fr T GZE#ita, Sty Ba R m RkER
AL (LR 3 AW RE MR r=0.78,
n=29), Ui W P& B A AL A7 AR 2 AR I
(K 2), CGE#itHS/Bafi N 0.12~1.00 (F1y
0.46) , M FTASHE 1A 7] 5 B K /K St/ Ba (B8
Fil, T G J2 R L8 DURUK A BN IROK—2F BUK
(TN 7o | IO = e o= [V R = | 8 ) P2 € €
MAREARTR M G 288 07, L Ay J2 i
JB VLRI A WAL 7 K RAE R I8 TE B, PRI, ARk
SN G R R LG W IRK A B8 . AR AR i
Sr/Bafi}y0.10~0.33 (3¢ 0.18), R IKK—
KU EE . HEn) BAE C15, C16 F1 C23 2 i
W24 St/ Ba fRT 0.2 BHIXI S EIX, 8 FA1E
2 AN KA EE (Wei and Algeo, 2020) . [A] B,
C23 JZ K A 0 0T I K 25 e 1 14 Vi AR T
B 3.3 /h45), X E— RS T WF5EIX S/ Ba
{H 0. 2 FE IR K A oK Ry al gk (B 3) .

3.2 SEH—ZR%E

BEFE b2 U8 4 V/(V+Ni) fHH 0.34 ~0.93
(F10.79, K 3). Hp, CRERLAN0.34~
0.75 (*F#0.79), 4R AA—UWHMLMIREE, X
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Fig. 3 Comprehensive histogram of palaeosalinity, redox, organic matter, sedimentary environment

and sea level change in Shimenzhai section, Liujiang coal field

56 ZF LA r RN —2, B S TIR YT X
KR AL 98T o H Al A 4h {5 O 0.74 ~ 0. 93
(F#30.81), 8RB A—B A B AL O PR 85, 2 1)
F7E C7-C9, C18, C26-C27 JZH B 3 4~ V/(V+
Ni) >0.84 fyAHXF m{EIX, $E/R 17 1E 3 AT AL
BT o KRR BE S KA AR A — i D A o
RZ—, BEEKMMG ., KARERIES | 3% Ak
BEREAR . 3 PRS0 MBIF S F ThT RSB T PR 5 O3
i, BT R o A6 T A X i S T AR A i 3
(K 3), BEHIAR MG A JE BT X TTRRUK A B4R A
WIEPE BN R . T — APl AR B Y R
AOLB SR, R AR ERA R, A LR
AT I AT AG, BRETEAR M . HE R R ER Y BR
B, K Bl R EE (AR IR ) o WS
FEE T ABRALIREE (C7-9) SAXT R TOC &5 i
Xof o X — B, B W B A K A e TOC & 4R
FHEWER. 1 C18-C20 H1 C27-C29 JZ i 1k 5 55 %)

B F A AR TOC &5 &, B0 TOC & &1 JH i,
BR 13238 B KA B e A, i 5 Al R A R
(g 9 A AL S 36 2 =3 AR AR 11 it D0 e S 2 4 3
ié._,‘:>0

3.3 RRERBNK

BRSE 2 Ve H A LR (TOC) Huffin & 3 Fr
~o TOC & H#K0.08%~2.00% (F350.5%), H
42 B bR R, 8 0.10% ~ 0.26%
(FE390.19%) , HAFER M 0.08% ~2.00% (FHy
0.60% ), Fn | TOC &HAE C6-C7, C18-C20 2
L3 ASHIXT R X, H TOC & 5 F 3l 4 5k
1,63, 1.41 F1 0.80, 43 3% 7 (A1 HE /R M ) | 5%
T 6 00 0 5B AR 4
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RWHETE R, W RS, B
Ve SR R S Mo A K, BT L T
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USR8 FAH, K BTV 98 i S — b
(A BElE (B) Mk (C) 45 3 R4S .

W I HEA MG G e P R )R AR
. PrEEA A DU E 55 (R 1) o B FPAH 2 A 40
Bl o AR — A W Bl B AR R A DT AR R
X LEPUAR T S5 DI 5 P S i — WA B T I o
3.4.1 HAEA: BREFETR—MHE

MAA A GFEWE (A) ., Z#TFR (A,),
HE (A MBI (A,) 55 4 iR, 2 0F5eE m
REZMMEE, A H2~3m B, JREMAH
WRTET ) _E R RE AR A IO A AR (%) @
o, GOEIKOHZPCRZEME R S DA 28R
R (B 10% ~25%) , B ZRURL 73 8 A
R PERE, SRV T R E AR E A
HERJZH (A 4-a 2 4-d), A, EEIHEO—
KEs e BRI A s, KPR BOR
EREHCREE R E, RAeaw W, Ehts
(Jea) Pw kst (K 4-g) o A, EE
R A (VUE) B, BB (31) Ak
FFZEA, PRZHEYCRE, & F 2B
M ZERRAC A . A A, M ERIK— K 8 A BLT T
H.BAENRYE, LEKF—BCRZER, S0

EEEAR R (R .

AR 5 i1 T R0 A 4 R, R s LA
(Sr/Ba<0.2) RAKH W ERERAE, 2545 A A XS 48
AL A1 H M i 2% T 7 3t DU R F 5 OR (R 3 2
4, 2003), AHALG A BB O I I S DT i — WA
HERV:2N

H T ERR RIS, A, BB i+
FIGE DU . T E N A R B () B
TR w5 R (AR A K
FHME LR A A L AP LS HH AR SR
(B 4-f, 4-g), FERAH AL D T A8 B K i) T
PLE . B 32 B3 K 5 0 B 96 5 SF IR R

A2 W Iz kR, Pl mEs.
TE MBIV A AR RLAE R, BN R R R T
F o S NI I 7 DI 1T N B 1 3 | R ' 3
T X B (AL am A 5F, 20145 R e 4F,
2024), FR/RTEJE VLR 28 7 1 3 ZN XA 0k v AR
Mo I, A7 A2 B Bz M7 R B, BT
g 1 Sz A v st AR e A L, HL R AEBEK
Wizt (RPN, 1988),

FHA, B B O i 5 3 M A 3t S0 T aE
] AR AR PR ER BT (A R A I AT HILJ AR
AORE ) o R B 5T U8 DU Dy A2 Bl YRR S I 2
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Fig. 8 Correlation of the Carboniferous sedimentary environment, sea level curves and sedimentary minerals in North China Basin
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