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Digerfeldt, 1993) , MR HIHAHIIRMZE K BMEERZE, MRER &%, w8 AR
TR ALY = R oy A A 5 B TR S o FE ISP T i 7K 5 T AR I TR AR R AR K AL
SAMVRE =AM 5 =N SR A, T AR (e [ 4 ) AR i o AL A C B, R kA il A
PRGOS 2R HE CRAMR, 20090 o [FIRE, FEERG 28 P=RORFFoh, 93P IR 47 2 3%
JR S S A, ST AR A R 9T T i S 2R 280 B & (Liang er al., 2024) o 1SR {LHF
FAFEPIATTIE, — s A, R R BRychidsast, K2 H08
JEHT A T R 3 AR S5 R A L L B0 T, SR b [X 980T T A A 32 S A AR Ak A B (S )
GEATR

HAlK 2 BHPURS: . MR B HhERAL 2255 0710, B s ) 4 P I L3~ T % A
(Bookman et al., 2004; Azizetal., 2008; Lietal., 20090 s~ UiTAN 27 v R A 1k 1 2 17 A8
o DURREE MR IE B JF AT Bt i) A A 4545 B B @) P 2 (k)3 A2 (Abbott and Carter, 1999) ,
BRI IR #6 o SR R S I 8] B AR Ak o0 /W R P T (M EAH, 1995; Yangeral., 2022) .
b TR B 7 5 — R FE M R T R, I S SRR IE L R TR IE AR B S 11
VR L CRAEE, 20110 ¢ 2 AR 20 25 20 Wi ~F- T A2 A 1) B3 S/ 5 #h 26392 (Li er
al., 2019) o HERALE 5 VRIS B AWK R IR ST R SR SOk BT AL, BT IS 3L
B EMETTR . 0. IRIERE RN RS, mR Al cR S8 RYnEE. HES
T TH] R (R 2 1 AR O ORI AE 55, 2009) 5 B B 70 ALOs/MgO B F 7R 519 AL A2
AR BE 5 0 S K 2 Rl 8 &R (FTEAZE, 2003) 5 BkPR #2563 Cean S22 T KRR E L 61%0
FE WK RNEAIES], 6PCoun 080 IEMIRRKMEIR, RZKEER (FME%, 2012) .
B2, BTSRRI A8, PURR S A R B 25 07 V0 g R R I sl B k), Rk
SOTVE R TR I SR MU T T S IR, — SRR IR AP AE B R E, BRSBTS, A
—E ELE ST ) SR, S ARE RGOk I, XEETTVE TR E R E &
MO SIRE . SRS R, ORI T T AR Ak J A% il R 3K

PR, R T — M BE S R IS TR AR AL, (RIS BE 48 7~ ~F T AR A HO A 55 3R 5 R 3R 1) i
PR AN L . FREEREE BESIRNR, ISR Wi, 255 EEI A,
VERIR AR FE AR Bl s 2 B I 7E 38— 3 WIATRR Y . IR DTRR A S B AU B AR AL

t (Yang and Ding, 2003; Sunetal, 2011; Zhangetal, 2015; Fangetal., 2019) , {HiXi&
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TN, BN 31N (B 1a) , AT IRBERIE S R F R xid ¥ X8 (Hay and
Floegel, 2012) . BEHFZHIZ T 129.6~125.3 Ma [IHz5KZM . 125.3~109.6 Ma 13 5K J5 fa5E
R 109.6~102.0 Ma FIZAEE T- =AM B GRS WAIIEE) 2013; Daietal., 2016) JFUTHA
T BRARE . ANELBFE KA SR E R (B 1), &JEELHN 1277 m, WL
JRAFEIE 2175 129.6~100 Ma (BAESE, 2009) o ZNAELLEE R HB =#r 205 A0 vl 412 75 i L i
WIRTDURL, AR B MR AR . IR A IR 4R BT RAR . YEIRIIAR bR e 2
HEWAE . SR WAMTIZIMHA RN, =FMES UM E . JeE. s, Ka. lKENE,
TR BRI RS LRI TA (B 10 o ANE BRI b &E KENA B R

R A (2@ B A5 %2, 2006; Zhang et al., 2023a) , AW IE R EHE
RFEAE [ FE i R AR A B2 — 2 R L3 1, AWAR A 105°48'16.48" E, 36°08'53.63" N, J&
JE122m, HAIMHEIH A (0~1.3m)  BEBRA T (1.3~122m) Al (Bl 1d) , ZiE
Ul ZH YT ARG RN 2.05 em/kyr, [A] RSB AT 4L 15.27 em/kyr FOUTAR 3 45 1R K 22 53 (Dai et al.
2016) , FRWIHI Gl A — 2= Wk ZH AL T-VRT A AH B AR A A, 2R 2 2 A I LTI B
W T A A B AR AR o I T R 2 R AL A A P — B 0 B R KRG R4,
WO B OFBEH B EANb LRI | RIARE . BIKCE . KA AR R e,
SRRLEERAN, AR S MEKT A GMAR RS % (B 1d-1D o A3
FHIRA T EHEFT:
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(a) BYTHLERHIE (~120 Ma) (4% https:/deeptimemaps.com/global-paleogeography-and-tectonics-in-deep-time/) ;  (b) F
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FIRAE AL R AR X R (4 ES 4T, 1985) & (o) ARILEMHRE (Daieral., 2016) ; (d) BIEGITHAEEBRA T A
PEREIRIE

Fig.1 Paleogeographic map and cross-section of the Liupanshan Basin
(a) global paleogeographic map of the Lower Cretaceous (~120 Ma) (after
https://deeptimemaps.com/global-paleogeography-and-tectonics-in-deep-time/); (b) paleogeographic map of the Liupanshan area and its
adjacent regions during the Lower Cretaceous (after Wang, 1985); (c¢) geological map of the Liupanshan Basin (Dai et al., 2016); (d)

lithological column of the lower part of the Liwasxia Formation in the Tuanzhuang Section
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HF AN RAE I 0 2R R R A AT 1ORAE, SREEIIEEN 10 cme RN R ERZHRE, K
R R B EELURS. KENE, SOENIUEIRIDE, HRE B MR EAK
JEFEFRE 100g, A 1~2 om NI R ZRTRKIE BE, SO SSSCHEAE Tt T 6 /N, Fe 4T
WA =R G, — BRI B 2 100 ~ 200 H A& AHH TR, BERESM TOC Mlik. 5
— RIS RN R G T, TR SRR IR
22 KEFEE

R BUE R SORE I By RS RIE S, A H AR R 36 Rk 2 | A = 1
CM-700 d B4 53 6 A BEAT I , X A5 ity =S R TP X g E AT 0 o, K A o 5 R AE TS 3¢
JGIRIESE, B4 L. a1 b Bn g5 RO R P . MRS B K T DY 400 ~ 700 nm,
I K TR B A 10 nm, ARALME 9 8 mm, €4 AR bR v 22 (5 /N T 0.04.
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J&, M REE PR RV TR IR o S ERIR A P AL TRk, P S SRR A

Hg W EMA: f# ) Lumex PYRO-915 MIZRACKHFE St 47 He WEEN R, B0 FF PR & 0.05
~0.1 go NMBLRACES I B R BE (RS E 1, RREEAT TLOC & f5 BN — PR ERE

PA_ESRBG I7E 22 PN R B B2 S A 7 B YR A B 52

SR R BKHIRRR R E 2 200 HINAE AR 02 g a4, M 1 7 MR ERIR



1

B R

<

KRR SR EEATIRYE 12 h, JRAEAZRKET IR, HRER SR TR T, S T E R A e

A BRI AT B i A B IR Hr 0y CS-902G A B AT AN AR 2 BT A &
3 4R

3.1 AR

SIS T ST, B RS AR S MEbE . BKE. KA. BE Rk
T . Ko E REH AT EEIE T WAL, WRE LA NE, ATEOA S8R (BEfBhk
WeE) s RACE T WAk, HFREAKTFZH.

gi b, AR R AL T B AN TR K = A AR, R RTRI S = AT,
SRR AT S R A A IR

K = A PN S AR H BUAE S TR, Tt — 2D RIS B AE (BB 5 IE—W
RO EARDTRAH, SRS B B, W E— B0 MR (Y BUD YR B (B
BIL. VD« KIEE (BrERV) « UM (BYBOVID B AEPNRME (BHERIXD 5 2EURIAH T i
3By NI AR (Y BRIV VIID, o ke B R 32 2 R 10 780~ T AR A e
311 EAKZANFRIEA

K = A PNEAR R K = AR K By, A miE R RIS K &N E, Rk
BRSO, $5R T KB BARGE, AKFEARSE, YIRFE . R E o b
i B RTTEUN R, 7 SR ER AR, — 2 HIBCIRECT AT R

S TE A HLLE RIS (0~2.3 m) , N —BIREEERb 2 I B (1 (0 S mb s JUAsar
R A I ) R TRUT S (B 22) , AIOARLL o, K EE HZ, R e
WERANRGERD ST (B 2b) , BA—@KEHEM, admr i,



DA < PR DA B MANA B R A LR 8

- BaERE

- Y “,

o
1
.

CPRE TRy PRy
(a) HITIREARZEMLIE A AL 5 2R AR (o) BPAMREELN: (o) Bl eies: (O KREOHETEYE: (e
HKEOPICE G REORIKE TR (D KBOYRESFIEE: () BICETKTZEE; (b KBOTUE; ) BEKEH
Fig.2 Field outcrop photographs of the lower part of Liwaxia Formation sample
(a) macroscopic view of section and boundary between Heshangpu and Liwaxia Fms; (b) locally oxidized sandstone; (c) massive brownish-red
mudstone; (d) grayish-green calcareous mudstone; (e) interbedded gray and grayish-green marl; (f) grayish-black massive calcareous mudstone;

(g) horizontally bedded marl; (h) grayish-black shale; (i) thickly bedded limestone
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3.1.2 E—&# TR

TE— W AR A Tk K S T 5 VR R T 2 18], DAY SO JZ b Be s Ve ik i e o 3,
ALK ZEE . A HS 2 B IE S LRI A 55, O T AN R E (I ST

D MR AR

WESNTURRAR & T S O — R, W K 5 K B IORAE SRS, %
WK, BRECHTH, KX TR, YV EER E =AM S ik, S35 Fix
VIR A% BAE AT 2.4~3.9 m &b (IMBRID |, T Boaca YRR b . R4
R IRGES RS, WIRKCEHEE (F2c) o« B R L 2IRERNHERRN, Jea iz
Wiz, ZoPuR, 5 WD R

2) BRI SAR

P TUBIMERAR A PR A LR A N E (B 3a, b, B mes (B 2b) o ZAH R
AL E A 4~5.9 my 7.8~9.4 m, AMAKGEORAERBERS. BKE (H2d) , AR
TP REE, T BHURIIE .

3) IRIEFFAH

IRPE TR H BAE AR B IR 6 HI TR SR8 T~ BT, K3l s, avE—M e
Kog BoaNE (REHENF, 2021) o Iz HILE 6.5~7.7 m, SMEHAE AR E (K 3d,
e) « HuBiKEREERKEONe s, TesEn WK ZER .

4) IR A

IRVE R E T DAE S IKCE N, R E T T e & T e TR . Sl s YA N
IRAEMBYORME KB O, Rk, HpaCan WAL, AKFEHKSE, HBER i
HIETH (9.5~10.6 m) .

5) AWM

EVRRMERAR S TELAICE « B IRE NE, 2 HAEMRRANILE, KE T HKE SR A
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(a) 42 m IEZCE NSNS, W ADBRL  (b) 5.2 m IEACH FUE ATEA, WIRASEERL, BEUUy KILBEEREE: (o) 6
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Fig.3 Lithologic section of Liwaxia Formation, indicating corresponding locations of field outcrops and microscopic
lamellae, and photomicrographs
(a) mudstone with visible calcite grains (cross-polarized, 4.2 m); (b) mudstone with visible quartz grains speculated to be volcanic glass clasts
(cross-polarized, 5.2 m); (¢) mudstone with visible calcite grains (cross-polarized, 6 m); (d, e) marl with visible calcite and quartz grains:
calcareous components exhibit spheroidal-like morphology (cross- and plane-polarized, 7 m); (f) oolitic limestone with visible quartz grains

and biological shells (cross-polarized, 11.7 m)
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32.1 &E

TIBRAIIAB 2 O B IRFE . ASCfE ] CIE LAB RO R4, A L. " b"=ASH
Rk 5] HELRI Bt 8], LARTE, oURAE ., b AREE.

L SRB SR, H R b R IE A m R S, AR A 58.99~84.66, T IMH Y 75.27,
FERITH RS I B sk, H N ERAR RSN, a3 T i L 2B A Ak, BN
-1.13~8.24, “PHMEA 1.50, HIHRHBEEIAR, o LB TRE. b E T L 20 R A

fash, LT EAN 0.30~14.67, “F¥MEN 9.16, HIHEILMBEIA, W EETRE (D .
R 1 BUIRWAINBREE. BiLE. CaCOo; SEZIEEMBME

Table 1 Variation ranges and mean values of chroma, magnetic susceptibility, and CaCO; content in each

sedimentary microfacies.stage

B L’ a* b* e CaCOs; TOC
AL 63.44~82.99 -0.70~7.44 8.69~12.72 2.19~10.22 1.41%~71.99%
I
THME 72.11 4.03 9.70 6.92 27.80% 0.03%
AL 58.99~84.66 -0.16~8.24 5.36~13.60 0.83~12.53 5.08%~90.67%
i}
FHME 70.10 4.60 9.56 7.96 37.89% 0.40%
AL 70.31~81.60 -1.13~3.69 5.35~8.51 2.11~11.56 5.51%~84.54%
11
FHME 74.70 0.26 6.48 7.57 33.29% 0.38%
AL 68.59~75.22 -1.08~-0.03 6.32~10.80 8.02~12.00 3.80%~27.34%
v
FHME 72.21 -0.51 8.38 10.56 12.48% 0.08%
AL 74.06-82,97 -0.16~1.76 7.49~11.92 1.22~6.42 40.64%~89.97%
\Y%
FHME 78196 1.01 10.37 3.77 68.34% 0.60%
AL 72.00~83.68 -0.43~1.48 6.08~11.25 1.01~11.64 2.84%~93.53%
VI
THME 77.46 0.59 9.30 4.70 42.59% 0.16%
AL 66.84~83.55 0.90~2.44 8.03~14.29 1.21~11.83 3.64%~91.00%
il
A 75.4 1.25 10.66 4.78 45.14% 0.26%
AL 73.60~81.72 0.64~1.14 8.20~11.22 2.88~7.52 20.61%~82.68%
VIII
FHME 76.82 0.81 9.65 5.25 47.65% 0.56%
AL 81.24~84.00 0.30~1.77 7.59~14.67 1.94~3.52 69.73%~75.19%
IX
FHME 82.17 0.97 10.52 2.51 73.18% 0.33%

322 mfE

WIS RAE A PUBTER &, AT R AT B, R R IR
Az, BB RALN 108 mPke.

AN A Z A AR B A A, BE sl ok, 1 ) T RS P 2 T SR A B
BALIE N 0.83~14.83, “FIIEN 6.04 (R 1) .
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FEH A, CaCOs & B AR 2 Z BIW FUORIE AN CRAFIA 55 2 UM, MR BE 2 e
CaCOs BHREMT YT M5B N K . CaCOs RIUZRH T Fta%y, Wah Kk, 5 L E2IHRMIE
KRR, BTEEHN 1.41%~93.53%, FHIME RN 4452 (R 1D .

32.4 TOC

TOC SARBAR, B 60%HIFE G S AN DT 0.1%, H 15%L4 MR T 1%.

AT A 0.008 5%~2.43%, “FYIMEN 0.36%, SAEZITHEES (R D .

4 THE

41 BIEFTERHTFEIRRENX

TEMAVTRYI T, L2 BIRRERAS & & K S A HUR S e (%, 2018) , a™{HiBH
ZEUR R RN ) FeX/FeX 52, T R IRBE M AL IS B8 A R A SR b 58
GRAK, IR FE R AR S (Jietal, 2005) , WirEIBIHEIAEE B AR 2
HAL AR (Torrent et al., 20060 o PR, PLLAUCAZRER TE T T HEMHEE T, £HEk0”
TR TIRAEEIREE T CRBIESE, 2022 TERBHEIRY T, BESHSZRRE. FK
FIPURAER S (L [FI S o WK ORI, BERE(E B, ROKDURRRT, BB (Bl
&, 2001 BAESE, 200 BEACERIRIRE RN Z B BREND & B, [ 237K 5)
SRS . YRR A 5 2y T, B2 5 R S e b 45 A A W DT AR IR
(Williamson et al., 1998; RFISCE, 20105 AEFESE, 2012) o —MOkdl, BAALIREON B
ATIARFAE, T KRR SRET, B S B T, RBUSA MY sk i N d i (5
A, 2005) 5 JF HAEFOKNGE RGN, BACREUN: KA NIE T, #iFRER (7
REGMIHFESR, 1989; E@ESE, 1996) , KB BsR B, WALRMEME (BREE,
2002) , WHAREFFUREEZBEEAERAERSE, EFERMMET, MARERK (BEvans ef
al., 1997) o fHRAERITLTE (2009) 7EXMYUMIMBFFEh, KIUHLALARAG R B L0276 B i) 1E
FRRKFR, TS REARAE AT TR s UIBUK S 20085, 110 B ¢ T WAk 28 A8 0~ T i i
B X FHEA G IR IO RBATINE . BRIRES & 2 E RHOR L3, 4578 T BIREK
(Retallack, 2005) , WIAHUTRYIHH RIRES & & 32 B MR BE AN ZE R B DL g, BRIRER & B R

O T 5 28 R BRI TS A 3 (RS S, 2001) o TRy i, KA ET LA
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BT A EFRIL COr SEBRBR VT (XITFE55, 2006) o EAHLIAREETE NI
Py MU = AR bR, BB 7 77 L R K A S5 4% A RT3 (1 520 (Dong et al.,
2018; Pengetal., 2023) , A T-UgAHFITH M FIEH, TOC & & & (KB B KA SRk Y Bv)
4 (Zhang et al., 2023b; Xie and Guo, 2024) , Fifi 75 -F HAZFEIXFE XS N X R (Yuan et al.
2015) .

AT, RO BT &R CBURVE WA A RRER SR IURSIHLE], XHRARIEEAT T
FHRMEAS T (B 4) o Skl B BEhFaAr B AR A R & Bk . b, L' CaCoO:s
A TOC RIEARZE, PLHA L N 2 F45 HLEKA CaCOs [ IE A%, Z5R%% (2009) 7F X 58 Fe Hh
DX 1 11 S SR AR T e T A TR 5 ERICR AR KR (TOC) MMM R, Kl
L' Ca FiBeR B 2 IEMX, XERTHHR G LGt R=E 0RO R, W 72
BUTREFEF, A LA CaCOs I H BN FRERAT 1 P2 ARG IR T — € 520, CaCOs &= 1481k
A= R TAKIAEZE R 4, 1 a"HY CaCOs [Fl a1 AR A I AT 58 6 B K AR 78 R 51l T CaCOs
BRI, 1L, CaCOs. TOC SHIMAEFAHR, Ui UIBKIR EABTHIIED 1, Wi % 1E
HA—EMRRAEM, BRR TR I (Peck et al., 1994) , [F, AHE RN Hitk R
TV BRI ML, AN

N

. Xif
Xit =72 %

e o Fon BRI BN H AL A, e NAIIRREALRAE . T B 5 7T BURILREAL R 1)
AT R T BORFE B R, A BRIR $h (AR BEAE FIRC R 1 WAL R 78 4k, DRI BL I 2 iy
ARG L — TE FEFEHBFEM 1 WAL A R4 (IR, 20100 . CaCOs 5 TOC & &
EEFEMKKRR, WAV NS AL, RIET IR, XPERH LR
KIRAE 2 REE I O L (CERREESE, 2022) o AMNEBRER £ 188 2 [FREXT 5 2 h A WL
IR AFAT — e B, PR AA U & R, RUIEBE B BRI DG R, AT DUARRER 35 3=
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Abstract: [Objective] The study of lake-level change is important to understand regional tectonic and climatic
evolution, but quantitative reconstruction of lake levels has been the subject of ongoing investigations. [Methods] In
this study, environmental proxies were integrated with traditional sedimentary environment analysis, observation and
measurements of environmental indicators (e.g., chroma, magnetic susceptibility, CaCO; content and total organic
carbon (TOC) content) for the approximately 10-meter-thick lacustrine sediments in the lower part of the Liwasxia
Formation of the Liupanshan Group in the Liupanshan Basin, whereMhe tectonic setting is relatively stable. The
lake-level changes recorded by the sediments were analyzed to estimatésthe.applicability of the environmental proxies.
[Results] It was found that, from the lower to the upper part of the sedimentary sequence, the sedimentary subfacies
were developed in the order shallow-water delta plain, shore—shallow lake, semi-deep lake, shore—shallow lake,
semi-deep lake and shore—shallow lake, forming two lake-level changes, each marked by a transition from shallow to
deep water. The environmental proxies vary significantlyNin the subfacies: for example, the largest fluctuations in
chroma parameters occur in shallow-water delta plain,facies, then gradually stabilize upwards; magnetic susceptibility
gradually decreases from the bottom to the top of the sequence; and both CaCO; and TOC fluctuate considerably, but
generally tend to increase. Specifically, “a* ” (redness) together with the TOC of the microfacies dominated by
argillaceous sediments in the shore“shallow lake facies indicate lake-level elevation, and the CaCO; content identifies
the mechanisms driving laké-leygl“changes. By contrast, the combination of CaCO; content and TOC value indicate
lake-level elevation in the microfacies dominated by marl-limestone assemblages. [Conclusion] The indicators in this
study were found to be relatively sensitive to lake-level change; however, no single indicator provides direct evidence
of lake-level change and its driving mechanisms; rather, a comprehensive investigation should be conducted in
combination with sedimentary facies and lithological associations.
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