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Neogene Sedimentary Environment and Provenance Evolution Recorded by Core ZKAS in the Yangtze River Delta

Abstract: [Objective] The Cenozoic provenance evolution of the northern Yangtze River Delta remains poorly
understood due to a scarcity of continuous, deep sedimentary records. [Methods] To address this knowledge gap, we
present a comprehensive analysis of the upper 408 m unconsolidated succession from Core ZKAD5, located in the Nantong
area. Through integrated lithological observation, grain size analysis, and detailed heavy mineral identification, we
reconstruct the sedimentary environmental history and delineate the provenance shifts since the late Cenozoic. [Results]
Our results show that the stratigraphic sequence comprises six lithostratigraphic units, include the Yancheng, Haimen,
Qidong, Kunshan, Gehu, and Rudong Formations, and is characterized by five sedimentary facies, include alluvial plain,
channel, floodplain, delta plain, and intertidal facies. Heavy mineral assemblages reveal a significant provenance
transition. Sediments during the late Neogene were predominantly sourced from the northern basin of the middle-upper
Huai River. However, beginning in the early Quaternary (approximately at ~2.6 Ma), the dominant sediment source has
progressively shifted from the Huai River basin to the middle-lower reaches of the Yangtze River basin. [Conclusion]
We interpret this provenance shift to be primarily driven by the southward migration of the regional depocenter from the
Subei Basin to the Yangtze River Delta, coupled with changes in the East Asian monsoon precipitation regime during
the Quaternary. [Significance] This study reveals the transformation of the provenance system driven by tectonic
subsidence and climatic forcing, providing critical empirical evidence for the tectono-sedimentary-modification coupling
mechanism in the Yangtze River Delta.

Keywords: Yangtze River Delta; Cenozoic; sedimentary environment evolution; heavy minerals;
provenance
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Figure 1 Topographic map and location (red Square, bold) of the core ZKAS and other core cited in this study in the Yangtze River Delta.
Panel presents the locations of core ZKAS5 and ZKA2 (modified from Xu et al., 2020)
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Table.1 The AMSC dating results of core ZKAS5 in the Yangtze River Delta
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Table.2 Lithological description of core ZKAS5 in the Yangtze River Delta
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Figure 3 Probability cumulative curves and C-M diagram of samples from core ZKAb5. a- intertidal face; b- delta plain face; c- channel
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5,2024) o BEAWEARE, SN2, EREIN LA TR EEEE AR MR S
TE & FO A PGB (BRERSE, 2007) o Al Z = T A T KA, WRE. FRE . TER A5
(FEAR%E,2024) o FIRER YA GHRHER B ZKAS FLUTTRYIRIBAMUA IS A, e H RS RK S, —
5E LB AR T A

AR, KILH NS R FZOA PRI A A A AR, MBI = WA 3 2
N N -G - R A R A, HA N AR AR 387 (3R 3, Vezzolietal., 2016; T #PE%E, 2019;
AR A S, 2022; XIBREE, 2025) o ANFETAKILH R, R R R AL R A R A S OB A A
BREIE (3, WAL 1997; VIRAAMBIHTE, 2014; F#PE, 2019) , VIR EH- P20 & 2 B sk
W -RN - A AR A - -, SR YNGR Y (3R 3, mSCIREE, 2015) , A R
HEILP Rl —8, FERNPRMAER ARSI (K3, Yangetal.,2009) . My R h
(P EE R LA 32 BN SRR - i A -HE A - A - (3R 3, misCHREE, 2015) o @I XT L ZKAS FLIAT R AH
VIR B A SKITA R HERRIR RS R LU B M S RAE, RIS UER b
WA RO B P A R ROV ERIR, 15KV s s fii ) &

VETRT R IR IRTAR AT AE B B 22 7 o X 3 B 58 IDXVAT R AR TCAR ) 32 B0 1 i v i imide,  [R0ANF Pl e A1l
A KA R M o 3 R A R (D BN o A RSB T AT ST IX P AL B AR AR Y JH AL
(180-268 m) M1 TZK9 L CHrir&eMp iy TR BHEH WA F: OF B4R, 2013; FEHi%E, 2016) .

X 7E 350-250 m B LLBIIBRAIG, Al e ST IR/ sk o i pg S sk i s e\ g
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W B AREAsE, R %% 2015; Vezzolietal., 2016; 3% ] 4%, 2016; T #PE5%, 2019; ZEIkE 4, 2022)
HIEH B, RHIX—BHIHIEHKI A PR ER AN LS e, AR, i R
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Table.3 A comparison of heavy mineral characteristics and source rock types in potential provenance areas of the ZKA5 core channel
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Figure 5 Photographs of typical cores and sedimentary characteristics of core ZKAS. a- intertidal face; b- delta plain face; c- channel

sediments
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Figure 6 Pie charts showing the proportions of heavy minerals and the curve of the ratio of unstable to stable heavy minerals in channel

sediments at different depths of core ZKA5

B RAE LT N R B RS AT IR (U pEE e W E R 2 A RS, AR, 1999; T4,
2007; AEAMESE, 2025) , X H RN RKE =SLMET OB S Ea BN 0 FE (HEZ) 10%, 5kt
55,2017, ZEEAIEIENE, 2022) , ZH LRV EN VIR EZORIE . [FIt, 350-250 m Brdk A Al 20 A LA )
BRAR, NSV L R SR IR N EL ) N B 5%, AN RN A 2 Bk B R R S s Gk XU AN ]
2011; RAZFEEE 2015) , Moy L b i s 28 2 S BN R A R AR U 2%, DRI 3E DY 2 DR A A
R A N L AG PR N5 B FE ARV bR IR AR A G . R, AKYT R R R E AL
BIFFRFEERE N, F87R T iZAS IR N LBl 3. 28 BATR, Bricadmil (350-250 m BY) 547 1441 4 Ehfgl
IRRAR, VT A b i R S I A A N LA R PR AT 0% ENZE Y28 DAk (250 m BLV) , WA, A
A, AR RS A B 3 I S KT R RIS R N LR R A DG . Ak, B DY AL DR AR R AT A
BRI S N L ) A, R Bk i b b i GBI A 2 A IR LU BB B AR . 25 ZKAS FLITIR
TR B P BE R AR A T DU, BRI B B AL in s — R OVl R 1) 32 B2 ) I R
P, AEZEDUZE LIk, PO L R AR AR, Sk VI I i R L A BT A, AR, SRE KL
HR RS YR LB RE G . X AT 1 AR R IE SR AR AT I AR FLIG R 2. Blan, BT SGO7 FLTE
VUL 2 W R 3 2% A N BRI BRI R A B 2 (TR MRS, 2008) o DA TH XH-1 FLTE 2.32-
2.13 Ma i sg BT H N YUs L B R 3 i (EF 58 5%, 20060 o Z2NTT TZKO FLAE S DY L4 HH DAER] 5k
DURPINE, TR EZ BRI (FEHZE, 2016) .

4.3 FERLSRKI=AMNItENXET PYRIETHAERIINLF

DU BRI SZ YR WAL WS A S 2 B R R a it . wok, PR R PR
KAES 5 UE T BT RIVIGE S, HECE ] SEUURP = YH R B R . Hx, R KEH
SR EATRRET Y CININAZE. AT YD , FRET Y (A, S400) RIRLIREFY)
CInZRHEE) MIXTE 4 (Morton and Hallsworth, 1999; 22 SCHRFIEIEAR, 2023; 5K ikfESE, 2025) - b4, #ios
SR R 7K B 705k 242 W FE S R FE AT I, E SRS T3 FERCK M E A ) CUnEkekn™ #5A)
% 5 &% (Morton and Hallsworth, 1999; Z2SCHRFIEIEHT, 2023; 5K iKAESE, 2025) o f)a, $EERECA 1E H Tt —
W GER I R, BERTREE AR EN Y, IREE R LA, T RETEAS e BRI 2A 2 A R A )
FEALTT, Morton and Hallsworth, 1999; S HAIEHEHE, 2023)

ZKAS LR Z RN RATUR H, BRI AR—8, RAWIRKOR R AERA SR, 28, %28
W4 2 8] ARG ELP A7 AE B B ARk, S AN [R5 DX A N EA9) e AR TR B B B AN, X AT R X A i i
IR, LAk, BT 0B VT XK AR A OO, HENEE D40 5 K A ARG 4E (Lu et al., 2021; Lu et al.,
2022) . 5z XRL, AREYSTRET VBT 2 IR, e LR EmA s, RIFHXALE
F AT R R A RS R R

AHI T FE a3 I B RAR DR, BN l & AR ah, SFERAR AT EDRE A% S 223 47 T~ 100-300 pm [H]
(B 2>, RIAFES TR RSP 37K 30 77 264 A — 2, BRIoK 3 75 2 e sz e v] 2085 o ok, AR SR (N
FREBI, MW B BN, RHBCEE X BT AR AR . 25 ERTIR, ZKAS FLI[PRAH
DR W)L R LA (AR Ak, B3 ] R DX 3BURA) A 3 51 A PRV IR N L 451 8 R A8 A< 38 A 5 B AU AR
HX,

BRI, BRI RREERET, Win R ek, SEG LA EANESE S T AR RS
Z b KIT =AM it e i A7 78 R 2 R AE A 2 R 530 R AR DY R 2 B A AT, HRIIZX
TEFT AR KA T HE RS (R JER SCIA, 1991) o Hrim e medtl, A B 438 i = B Ao A T 75
Jezih, HER T REE AR RO I = A X U — e sk, AR R B R T 2
I (R R A4S0k, 1991; Chen and Stanley, 1995) o HHUEAT I, il 28 i A 75 AL 2 b B A AR X 3G, K



L= MAMEZARMX . FNFENULSE, 22D RS fsm, JE R RS XM ITE, SO Ok
Z 75 At 7 ) R I & KU = £ P [X (Chen and Stanley, 1995; Jiii 5 £, 2015; Yueetal., 2018; &{H%E, 2024) .
X — RS o () A, AT Rt IR R F 9 X b A e ZE i/, AT DI 1 AT R 3t e I A ol
SR XBIBCR, FHA0H] 7R b s m e X s . AHEEZ R, KT R TR IS R 5T X
IR 46T OB ARG, 1986) , Iz KVLA R i a2 #i &, A R 12k m iz h &
A FLIX [ 4mE (B 7a) o

BEAL, BT 203 52 SR T RSP PRI BERA R S, VIMEMLIX K EEE (Luetal, 2021) . FEEHIREKIY
BT XEOAAEEEE, AR T AFEN VI R RA S T I ORAT, 5 S0 701X 10 20 W A VRT S AR AR P F e
WA RIS AMN ER. BE, FULYIE RS R ZE T B T ORI R, R AR B XA A
AT IR (Lisiecki and Raymo, 2005; Gibbard and Head, 2010) . JiARiC#E W, SIRKEMNSBATVE
ZENFFELIRGS, FEKE N> (Dingetal., 2005) o fky SRkt — WoR, 55020 DIORVLER X TR A TR L A 241K
K, Jek T BKZ0R (B 7b, Zhangetal., 2013) o X PR HI7K B AE— 5 AR TR A 7K 474,
AR N B B FEIX RN s S — D7 A R T ARE T P RAE, AT B2 i 2 DU 208 LKA 52 XA
EAHPIRY P AR 5 BV HE (B6) .
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