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Abstract During the transition from the Early to Middle Permian ( corresponding to the depositional
shift between Shanxi and Lower Shihhotse Formations) , the North China Basin underwent a basin-scale
regression, characterized by a change in depositional environments from transitional facies ( such as
deltas, tidal flats, and lagoon) to terrestrial facies (fluvial-lacustrine systems) , along with a southward
migration of coal accumulation zones. In order to reveal the driving mechanisms behind this regression and
associated changes in depositional environment, this paper focuses on the Shanxi and Lower Shihhotse
Formation (referred to as the study stratum) in the Liujiang Coalfield, located at the northeastern margin
of the North China Basin by using tectonic proxies (L/Q and TiO,) and climatic indicators ( CIA). The
results show that; (1) The source area during the depositional period of the study stratum experienced
three tectonic stages of stability-activity-stability. It is consistent with the history of southward subduction of
the Paleo-Asian Ocean, which was recovered by the previous researchers using the tectonic deformation
data and detrital zircon ages. (2) The palaeoclimate experienced three stages of alternating relatively
warm-dry and hot-wet, which correspond well with the glacial-interglacial cycles at high latitudes in the
same period. (3) The regression at the transition of Early and Middle Permian ( change in depositional
environment) in the study area was accompanied by enhanced tectonic activity in source area, intensified
water circulation in interglacier, and the onset of declining global relative sea level (datum), suggesting
that it was a forced regression driven by the enhanced sediment supply rate of the basin and declining
global relative sea level. The enhanced tectonic activity and the intensified water circulation were the
dominant controlling factors for the increase in sediment supply rates ( production and transport rates) .

Key words North China, Liujiang Coalfield, Permian, sedimentary environment, glacier, tectonic
activity, driving mechanism
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TRLKAE T WA B R, R
SRRl 2E ETE, B S I )
TG TR, KB — WK EERFF (Haq and
Schutter, 2008) . % I H1E & T Bl 1 AU K, 48T
TAESE WU B XD B A Bt e ot A AR R T IR
IR P 4%, AemINE . VLR 5 = 5l Bl 55 4 3 0
B H W PSR B RN H R AR Tk, RS
LR | E 08 V- = i o N B 1) 3 (N AN DR R
TR AT 5 BT Bl YRR BRI (R UE 1R AR,
2011), SO A 5 Bl A 2 B O e 2, I AR
K ZEH sk Z B AR R bR . IR — IR BIR
A= AW AS i LA R R PR AR AR R AU T
e (JEMRESE, 2000), S E0k B 8 i i o
A BESE +or W e, R, B o 2 &2 A,
e Z 3 K BT A B e ) 5 R AR e ) Rl L
2y E MR (M e B, 1997; Song et al.,
2023), Aedv g R A g AR (=AU R A
IIAE) mBEAR CRDR—WE ) B AL, R
b A R A (A P TR AR LX) T
(M EmE, 1997; 6 Je L%, 2014), K, XFH
hoF Mz R iR (DU 24 /Y
WEFE, AR 48 78 R 58 8 A A 238 L (Zhang
et al., 2022) , JBREN ILPGHIEZ K F WAL L
e 1 e = 8 1 A W= V7 P R
(Zhang et al., 2023) ,

KTR b il 2 Sl R R p WK sh B
HATAER Z W o AR h, &4 B vk 2k
K5 T B B T TR S T, AR B et
UUFRFA 82 38 5 T B 3 19 52 i ( Montaifiez and Poulsen,
2013), RP7E M A AR UK, X BL 44 K i vk )1 i
U . FEIR R RS R A ok R e ek AR e, T
R4 BE 3t IXAR 2 A | TRl 5 AR DURR 91 R 39 A
WL o LAY A HE— AP B, IR AL A S B
O TURR 3 2 vh oK 22 B4 73 K SCE 1] 51 & 1 ok 1| gk
B S 2Ry 4 Bk P T2 AL P A9 (Ross and
Ross, 1985; fhikE K4, 2023) . {H 2 0K)Iiz 5 &
M RE B AR W - A2 fk,  H AT A7 £E — 28 4 i
TN AR I R S AR B 4 2 19— 2R 5 3t R A 2 AT
U AR bR e & kNS sh AT 1T BN 5E By
KA, N P2 UREHE 7R )2 A A K i 20 B ok 1| =
fF, P3 UKIAVK N & B R, A REHE & 1ok
NIl (Frank et al., 2015) . 3K F] IV 7R &8 L 2 %5040

FRAER R . ZELevhdr, XL k)N 6 s R4 Y
Wi IV, 3 P 32 3t J2 BCH K 521 DK 1T Bl ik (] i — 25
fem R A Ml A AR sk B RS %
AN, R A EIE S L Z e . 2. A
BELENRE, FEABA NG — oK, vKIE
AHXSEL /N, AT REAS A DA J808 i SO m Y ¥ - T 35
4fj (Montaiiez and Poulsen, 2013), A ¥ &I\ N,
Wt 2 AR — S G [ 7 R 52 IX b 3 0 2 5
Wi, JEAE kN 515 B 4 sk T2 (Saltzman
et al., 2000; fhgE K45, 2023), RGN S L
e AR OT T, AR R el A AR L f
6 G DUAR IR 5 32 oty S YU 1] B 0T i 2 1 P 55 ot e
Rl (KRR AE, 2007), HApR SN
SETRETHIE BE RN, P R A T R AL RE T O
PERE K LGB, A IR AL g R (Sl A,
2014) , WA XKEMES T (k)1 sh) LFE
M) ¥~ T 72 Al B WL B A, A 2 e BT R AR
2 B 0 i il IX BRI 52 1 gy Bl i G D K 5 R o Bk ok
KB b~ A I RN L < 3 | el R T
WA Ea#E (Haq and Al-Qahtani, 2005) ., [A i,
DI S A 5 DR RE RIS 2 oty A A Y- T 8 Bl Y i —
S B, Y T A n] R I A AR AR AR U B R
%] (Haq and Schutter, 2008) ,
BExbR . ZH/ iz gl iR (DU B4R
55 1) B A R0 20 52 DA A — [R] D S 5 [ A0 oy ST 9 1) e
A w5 | ) 25 M U DX R T O AR i ANTE A o AR IR AT
FELASEAC b MV L P 20— 4 & T AR R
XFG, AR TG ST A ) )2 5 AR A 2 AR 4
)P 48 i UKL 35 5t T 55 3 3 Sl 48 BOR AR AR 3 T 3l
Ak, AR AL AR RO S i A AR, ST
FIRSZ 1L P9 20— T A & - A OB 0T 3t 5 55 5 <
AR 2k o T BFE XA R . AUt 2 50T
FRERBEE AT LG, 48 75 W 5 XA 36 A P 0 e 6 82 ok )1
15 Sl I 5 DX AR A 555 15 A Y 52 )

1 MRE=

MOV A A e AR b &, WA ot —rp
&M (320—260Ma) VIEYIKR A FALF N S
kR (IR SR, 2007)  Hedb 4 L pE 4 B
Dt B AR DO, R R, H A I
FELRE = MMITR (A 1-a; WeE, 1997); F
A G T AT A R B A2 dt (B 1-b; 24k
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b EUE . Rl e ) RNt B ERTAHER PR ik NG A5 oy A R R
a— LA L DY DIBUR IR (i oEH, 19975 AU ; b—RILA T A& FAVRMIE (JlnE, 1997; HB%); c—Hh T &
GLEG AR, DUAREREE AR A4 S b (1997) , B5 A 4F IOk B Wang 5 (2023), AEZL G K H Wang (2010), 4 DX J2 45 A1 4F 1%
HIrE S s LT R B Yang % (2024), pKJIFE I BER ok A Fielding % (2023), 4 BRI P W 7% b % Bk B Haq 1 Schutter
(2008) ; d——Fa AL A R IR IX R 3G C R R I (88 Zhu er al., 20145 RGBS, 2017; FHHEH)
1 ARt DAV P 7 8 R 3l B

Fig. 1 Location and geological context for Liujiang Coalfield in North China

e, 20155 AIC)ESE, 2021), KEHMAHIIH, W 5 4 3 7 T B R AR 1) DX R 3 AR DT s, 1l
WFFE X R 9l i DAL R B (i el i, 1997) . HAnH  H—F 4 & FATUBUZ I 1 Hr B r b 706l 18 45 4
BIUTHTH—T A& FHATm AT 2 28+ 2 HWEESI (K 1-c; Yanger al., 2024) , 25454
2. #1)M 3 ZF A (#HC, #B, #A), IVGAH e JURIE XM B ACRRE , X S 20 AR A 4 A 1 A%
WO A . KGOMP IS . SEalA Lkl JR#ET TWE (B 1-d; Zhu et al., 2014; &5,
e B e MR AR, J=MMGHEFEIR, SFRM 2017), BimEUR & B4 22 KA MK AT 55 3 X
FEBEYEREAEM, TASTAHAR T AE  RIMIKEY R E T R K R ],
WaE . Baamampes . falks . Hgt ERH ZSHII R T 3 WKW (& 1-c¢; Pl
LR =) G R = & e 18 GE = A N S R LI R TR 295—289 Ma; P2: 288—275Ma; P3. 270—
B, 5RO 2 R 266 Ma) F1 2 ¥k AH XF i B2 /9 7] 9K 1 ( Fielding

MR 5 A R 2 AT 45 R R LA AL AR AE (B et al., 2023) 0 F34b, BkifEFiE 2 BRI A
1 - c; Wang, 2010; F B, 2023; Wang et al., WA, RS R (MR E) BAT
2023; C: 290.1+3.0Ma; B: 282.9+3.4Ma; A: Me, ZE7BmtasE; mis-rmaR TR GHmE T
268.6+3.3 Ma) , PG4I KRB TR DR S ah il (PEY), g SR (REWY
—=A/W, TA&THRINN THEH—RITHE B X3 A A 10 0 R KR (B 1-c; Haq and
g ARG AR e R X — & 48854 U-Pb 4 Schutter, 2008) ,
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2 MRIRFEIE

AL FH A 1) 25 3 T B Sl 0 g LR 4R LY
ALFIR A1 BT 2B BERD A A 56 1F L BR A7 KR AL 40
PERIJE A AL i 35 18, RAELLE WK 2 iR (40
R E SRS, BRORKRERE) . HxaE
MBR ARG AT T A AW RIERCE B 48 E, IR
Horp 23 fRmbE FE G HEAT TORLEE G A A BE XS TR
JA R, ek Hm e & 200 HIR4E4 R 2y, T
TE 5N 20 B ¢ 45 8 BE T i 4 ) o i S 30 3 AT
WO TC R 0 o B8 T8 o #F b AR 2 BRAT Ol A
(SY/T 5368—-2003, SY/T 5368-2016) , 7& & %%
A ED R AT RS BORLZH R RE T ST A X
H (U585 LEICA DM4500P LED), #RIEIT
FrifE (SY/T 5434-2018) R Il v ko B2 % 75 B
B ST g, B EEER 300 i KM E AR KT
30 pom (UKL R TI0 5, G A SR A B T8 — R
FRAe WrRL Gl , X 0K A2 347 0 BT A IE I 151
Pphide . W OUR S R X 42 PO6O6 i Ik
(96 6 18 ALY 5y PW2404 ) AR IR [ 5K b i
(GB/T 14506. 14-2010 #1 GB/T 14506.28-2010)
AT, B TTR T, E e AR TR
VA, SRS H JEOR  SF R R BT O
(B1'5 Finmigan-MAT, FHXS P HTiRZE£5%) .

AU T A G shfe d (L/7Q ME, &HJB
SAAGERY AR ) R AW DX R 3 I Bl 2 A i
(W4 2008; Lu et al., 2020), Fff# A TiO, &
A A Rl R BE O S OA R A 48 bR (Zhao et al.,
2016) o fERl R RE A fi AFRE . DU E R B P 22
BT, YRR A 6] B 0 AT 0 T UKL 73 e 52
i, T HEER 2K 3 0 22 57 5 i ad ARk He 3k iy
Ml o X AN [ 2 AL AE DR AR 1 2 A1 L/ Q (H AT X I,
o TS S e s R ERIE R 4R A SR
PRI, AT XACRE o, s JE & R
R G SR AL, A JE & R AR R WA 8 1 Sl A X
Fag, B L/Q {8 KA 3 % o sk 20, L/ Q A8k
NG 3 35 B s (Lu et al., 2020) o TiO, F 2ok
BTE Y, WAL, BLE VR A 8]k 2 1 B s
FE, M) iz F AR G R A JE A B 48 AR (Tribo-
villard et al., 2006) , —f&Hvi, & TiO, & & F£ W
REIRTETE A A 2. JIRE R (Ma e al.,
2022) .

BN, WA AR 48 K (CIA) H) W 4 P IX

A RAL R B, IR S IR X R 22 46 (McLennan,
1993) . #| i Th/U <6 H B 4 i€ 10 1 H 19 52
(Bhatia and Taylor, 1981), {K4E A-CN-K =4fi K #)
W 75 52 B s A E T2 e, JFad st CTA 35
AXKIER B RZL CIA B (¥ L5, 2017; 1R
/N, 2018) . CIA {2 50~ 65, RN 551k 2% X
AR, ARFEV T4 CIA 2l 65~85,
Sl 2 A AE T, AR IR ; CIA fH 24 85 ~
100, & 7x o 204k 2 WA /R T, A & #0i
( Nesbitt and Young, 1989) . %X} fFr 45 Je & #f i i2F
FITARGE, CIA,, fHMRIEAZR N
Al,0,

CIA,,, = : x 100 (1)
Al,0, + CaO" + Na,0 +K,O,,,

K0, = nu\1203+-TlL x (Ca0® + Na,0)  (2)

- m
K,0
m:
ALO, + Ca0” + Na,0 + K,0

(3)

3 ZREHMW

3.1 YiEXHMEED

WD R B 2RISR R oy BN A KA S
JE (B 2), B Hxt & s i 38R, R
HirH )z, A &amiEm, N 79.7%~98.4%,
WA, ZaaifEa, A EZERAT
WRE S K E (B 2-a, 2-b, 2-¢), AE&®
1E0.3%~19. 6% 2 0], EENE . BASTHA
ME(E 2-d, 2-e, 2-1),

22 NP A RE R RLAR Gt R, HORIARAE 0.13
~0.33 mm Z[[A84k, P 0.21 mm, DL#kER J7 2
TS, JB T A ShRE, (U 3 MR
HORb A, A IR B A R IR L L A S
Al B8 32 B 6 S UK KN 2 (Lu et al., 2020) ,
AW TRz 5 L/ Q B 47 xF ke (I 3),
R H Z A7 1 8 R A 26, UiE L/Q
A ZRAR KN FEH . HEI 6 AR AR T2 {EH R
0. 24 mm [ Bf i A R A8 55 K Y B 8 0k (&1 3
BRN—RAR G Ll e B B ), ST SRR
IME > 0. 19 mm {9 A i AR FROR0 42 B8 /0N 1 18 S 50k
(&3 ki K /N—HL A2 51 o i 2 £ [57] JE ), DA RAIE
AR S Ty 2% T RS L/ Q B i, 4521
T, KO L/ Q A 5238 0 — 7 22 — 54 i — 98 55
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Fig. 2 Characteristics of framework grains of the Shanxi and Lower Shihhotse Formations in Liujiang Coalfield, North China
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L/ Q e AL, Bl L/ Q i AT LR AL H I
eyt 3% 2 X DB 3 BE A2 A 9 82 R (Lu et al.,
2020) ,

e % B 45 80 L/ Q (H R IR AE 0.3%~24.4% 2

224, 14 9.2%; TiO, & & %K Jy 0.8% ~
6. 1%, V-3 1.8% (&l 3) . B 3w H/R—I T B 5
W, L/QMN1.3%~11.5%, ¥ 6.1%, F. /M
KA A L/ Q B RIG nfas; Tio, FiHN 1.3%
~1.8%, F¥ 1. 4%, Fo . /INREAZRD 22 5 /N iR %
3, BVPZ-in— TR mmkEas; L/7Q EIt
fE, TiO, & & Je 3w b, AUHE T B o e 0
/NI TR, B T 30 v S A U IX A 3 0 Bl
ARG, GEEERARREARE, BH/
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Fig.3 Tectonic activity indexes (content of quartz and debris, L/ Q, particle size, content of TiO,) and climate change

indicators (CIA, CIA_ ) from the Shanxi and Lower Shihhotse Formations in Liujiang Coalfield, North China
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AR T W s, 25 A T O XA 95 stk — 28
R PR B, (R 1 1 Bl 5 B KB B AR A
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L/Q 4 10.3%~14. 4%, F3 11.6%, K. /K
b L/Q (E A 5 /0N WG 3 i % Tio, & &N
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(ECZ A0, Bl DR P g AR R R T, B
SRREIRC GRS L LR NG U S s ) PN .
L/Q{H K 0.3%~24.4%, F-149.2%, K. /Ikife
W L/Q {H 52 g1 3 e il d T % Tio,
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RGO TR WL S35, PR XA b & i
e i A BE &L o Y LJ198 . LJ199, LJ208., LJ211,
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ZI| 7 5E 81 V€ ) 52 i ( Bhatia and Taylor, 1981),
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