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Evolution of sedimentary environment at the ZKAO1 borehole in the north wing of the Yangtze

River Delta since late Quaternary

Abstract: The late Quaternary chronostratigraphic framework and marine transgression have long been research focal
points in the Yangtze River Delta. The frequent channel oscillation and river incision in the Yangtze Delta have led to the
frequent absence of complete stratigraphic records. Complete marine transgression records have yet to be discovered within
the same borehole in this region. Based on lithostratigraphy, biostratigraphy, paleomagnetic chronology, and OSL dating
studies of the ZKAO1 borehole in the Dongtai area of the northern wing of the Yangtze River Delta region, the stratigraphic
chronology framework since Marine Isotope Stage 5 (MIS5) was established. The ZKAO1 borehole was found to have
comprehensively recorded five marine transgression events in the Yangtze Delta region since late Pleistocene. The results
indicate that the B/M boundary of the ZKAOI borehole is located at 108 m, and the M/G boundary is at 300.25 m. The
boundary between the Middle and Upper Pleistocene is positioned at the bottom of the third marine transgression layer,
precisely at 92.95 m. The boundary between the Upper Pleistocene and Holocene boundaries is located at the bottom of the
first marine transgression layer discovered in the borehole, precisely at 16.65 m. The first three transgressions occurred
during MIS5 (128-74 ka), of which MIS 5.1 had a larger scale, second only to the scale of the transgressions during the
Holocene. The fourth transgression occurred during MIS3 (60—24 ka), equivalent in depth and age to the "II marine phase
layer" of MIS3. The fifth transgression occurred during MIS1 (12 ka to present), depositing in a nearshore shallow marine
environment, with the largest scale observed. Additionally, it was identified that the first transgression layer (MIS5) is
approximately equivalent in burial depth across various regional boreholes, serving as a distinctive stratigraphic marker for
stratigraphic division and comparative studies in the Yangtze River Delta. These research findings hold significant
importance for Quaternary stratigraphic division and comparative analysis of sedimentary environments in the Yangtze
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PRI It WG S5 T DL Ok 1) b J2 R AR B e A )2
MEYIRZLAHE . . EEFG AL T 8L
B2 TV AR 2 S HB, B 9295 mAb . EHEH S 4
WG RE T LR RS T IEAR RIS, B MIS1
W B 55 R U R DI A I B 2R 1 JE LT 16.65 m Ak
32 WEUBEEELR

ZKAOL i £L 78 21 ¥ i 22 3 45 %2 23 #r , AL AE
13 R4 ity v IR AR SR 2R ), AR TR AR 45
RFIZEE TIRIZA . RIS G A1, X421l
HZ R 53 10 MR B (U1~U10; K 5) .

(UL EE: 0~16.65 m)

ICRE 24>, Hor 9.60 m A ILAT L HRIT 200 A%, o
WFEdE A, BRI TR =R ks
Triloculina tricarnata d’ Orbigny. P K JE [ JE H B &
Qinguelocu-lina akneriana rotunda (Gerke) % . F i€
2 50 B, LAV K M Fh B S Ay B L Protelphidium
tuberculatum d'Orbigny F& 22, 55 WL/ i 7 £h Fh M
Bt i L B Cribrononion gnytsusuturalis Ho, Hu et
Wang, 5 M 7 2B H Elphidium advenum (Cushman) Fl
It 3& 1€ 4= W Florilus decorus (Cushman et McCulloch)

S RER TR FLAE TR LT C.porisuturalis Ho, Hu
et Wang 1 4% 24 % B2 i E. magellanicum Heron-Allen et
Earland % /b, 1E % &k B () W 90 Ay B . E. asiaticum
Polski 11 ¥& #f & & JL 5 W Pacinonion tasmaniensis
Carter #5 2 #4454 HUEAT FL AU 133 4, U8R
Fh Be o7 5 b1 A8 R Ammonia beccarii vars. (Lineé) N
I, R IK 1 2> % 45 % W A. pauciloculata (Phleger et
Parker) X Z , fif IE ¥ #h B 0 & 6 5% B 4
takanabensisi (Ishizaki) K 2 , IT 3% 45 %% W A. sobrina
( Shupack) F1 [5) ¥R % #% H A. annectens Parker et Jones.
INASR BT O R A KN I O W Epistminella naraensis
(Kuwano) 45 I, — P AL .

15.40m #f WA L HUIE 1500 #8, 3L op UL/ AN 1
TR FL R W BR B Globigerina bulloides d’ Orbigny
8 AL, FH KA R 19 % it 7€ S ¥ L 3R B Spiroloculina
laevigata Cushman et Todd, 3 #1 28 & S. communis
Cushman et Todd, 2 &kt 7L Et H Q. seminula (Linné) 3t
40 Fr, /NS IE B R I 28 SO/ L Lagena striata (d°
Orbigny) Fl1JK ¥ 4 11 W Fissurina aradasii Sequenza
o8 M, % 2 A 2% ak o ® Sk B Bolivina robusta
Brady. 5540 #| ¥ # Brizalina striatula Cushman F1 B. 2%
/NS MU Bulimina marginata d’ Orbignygo 3t 28 ¥, ' $5
AR DN AR AR A= ) b v ) Bl 9 BRI L B PR
“HHEERN (BN, 1998), ARG EARKET
WA A B 2, RIVES 75 07 1 AH A= 3505 3F 5 s (VF
Je 4, 1986) o

(2)U2(HJZ: 16.65~21.30 m)

BORE LA, e iR g 1, JUlk, TRk
H, LR, KR R A g, HER
AT UL, JB T MIS2. 7E db U7 i) Jb # B b X B
FL, AR UK B A /i B B JOR B R DT
FIRE B 2 A LR A, A0 A U i XK 5 1 R A
iz, AR IGE (Wang et al., 2008) .

(3) U3(¥RJE: 21.30~36.60 m)

BORE 44>, Hovh 22.2 m R b LA LR S5 b A B2
Ha FNEE 50 6 i RUAR R A T AL, 25.6 mAESR WL AR W)
. 29.6 m UL AR R )T R A AL ROV T b A Bl
Elphidiella kiangsuensis Ho, Hu et Wang, Y& 77 % 5% dt
AR L2 AR NRJL S U Pseudononionella variabilis
Zheng % — M, BT 7647 K (83 10 23 vh R HF K 2 B
APV B )Z TR A E , FIWT Sy R B0 TR,
J& T MIS3.
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(4) U4(TR £ : 36.60~56.00 m)

BURE 6 4, 1% )2 B WAR K Bl AH A T2 25, DUA G
+ B A Iyocypris bradyi Sars. 4 & /N B B 4
Candoniella albicans (Brady) b . Bt 2 4 Wik K
i A0 18 & 25 B 548 Parabythenia sp.. [ /) JiE 12
Gyraulus albus a0

(5)US(IFE: 56.00~61.65 m)

HURE 3/, BRI b o R g 0~ K 6 R
-+, W OKSFEUR, 3 AR R 56.6 m WL /NSRS
27 5O B Sk B2 8, P28 T B AR ER b S b Ay B
H R R K B SE U A B2 W Elphidium asiaticum Polski
& 2B B ST ER Rl R vE B i R 24 ML, T
BN R 28 BHENIEE I, I
LM . R EH P IEIE A Sinocyethere dongtaiensis
Chen, $LHI A8 3L 4V A\ Sinocytheridea impressa ( Brady)
TR AN . ZBE R R FAKIRAR K, A
T AR, F B MIS5.1,

(6) U6(TRJE: 61.65~70.50 m)

BORE 340>, 2 T = 1 0 Bt 408 A7 18 1 it
(BB, 2002) AR K AL BT RR I “ Ik R+, B
ARGEH, R BB mE 0 80)2 o IR E R R AR A ) S
JiL

(7 UT(HE: 70.50~76.00m)

HURE 24>, 43 50 WA T B0 A AL R, IRl
2 DLy e 5 i AR B AL beccarii vars. | 2%
/N L H P variabilis, V- e 28 UL FL 8% i JL 7 H C.
porisuturalis J& 22, Foh W — AN B8 K Fh 56 B &2 48 R
Asterotalia pulchella, 7 A8 T 28 8 52 11 XUFH 16
4 Bicornucythere bisanensis FITHESELES Sinocytheridea
impressa. WF4RHE 154

(8) UB(IKE: 76.00~ 88.70m)

HURE 47>, oK WA AR W, D3k v ] A B 5t
2 ] 8 W Potocorbicula laevis fRH, TI BE & XUIR
iz .

(9) U9 £ : 88.70~92.95 m)

BURE 24>, 7350 WL 100 2% R 400 A3 BOA LR, B2
JiE 3 LA B8 5 4 % 1S T AL beccarii vars. 2 1 5 Fil
Z B WAL A b A2 i B i B Psedogyroidina
sinensiso V€ 25 LA WL Y6 W JL 5 B Nonion laevigata.,
fLEE T JL 7 C. porisuturalis J& % o T F#FE fi i UL
10 9 i A0 A B 25, LR & P 2 16 At Sinocythere
dongtaiensis(8 ¢ ) J& £ , H 4 £ XK AL N

Sinocytheridea.

(10) U10( %R E: 92.95~320.00 m)

WORE 514>, B AT R HH 58 MR T &R Eh
I #B (92.95~320.00 m){¥ 124.00 m, 128.00 m Fl
132.00 m &b 3 /> ity L /0 3 A Sk 1Al A2 ) Al AT
2 W20 A FL A, ISR A B | FLAE TR L
do MBLH LR B RN Ry F, EE R E
ol it AH A I8 28 45 [ 2l fe fE /v Pistocythereis bradyi Fl
JUER R AR S AR A R B, AN HEBR SR TR S AR T .

4 % 122 W LR LR R 35 R AL

41 ZKAOIFLMWERMERERHNRNERL

it R T AR ) 4 e A5 R T, ZKAOL B AL AE
DUBUC SR P e i R AE T 3 Bl A28 % (K 5),
B A8 7 T R BB T LR 3 YR R AT AR AR I 5
XA i R (7 5 5645, 19815 T 9 A1 [ 5, 1999; T
ok 4, 2020), B4 HE R (MIST) B9 “%5 1 4
27 MIS3 I (24~60 ka) B9 “55 1 ¥ AH 27 F0
MISS B /] (74~ 128 ka) (1 “S5 MG AHJZ” o WG AH)Z
VE R 2 P 1 2 e b 2 DRy 2 B LAY i )2 R 4t
T HE ARG

(1)MIS1 B (U1: 0~16.65 m), JLARY) & PE4s
fIE LR - B s i M di by 32, b B e 5 2+
2, EZHEE . B L 0~270 m 4, FHILH)E
(2.70~16.67 m) H1 A fL L F B B ALF B fer, B
£ V)3T R VR K B BE T 8 5 B AR B Ammonia. beccarii
vars. ) £, 5 T 1B 45 A8 — B ok e E R T
2003; F i 4F, 2006; i — &, 2011; TR AN,
2014) . A B 25 DL AH B 45 4 16 A Leptocythere
ventriclivosa J& 2 , 11 Wt It J2 B o T 35 Ry U R K 1Y
IR EL . AN 2B R 12 ka LSk MIST Y “48
[gAHZ" .

(2)MIS2 i} )] (U2: 16.65~21.30 m), LA LA
B R O, ORI AT B A RO
VR T S A (SR A, 2008), R WL IR AR By, AR
WAAAFE LBk, BoRZ DT T B KA BB K IE B
B R G 2 (O FE) o[RBT, BOAR 4 b 1 Bk 4 B
AL X T R K TR BR 2 Lk B T 3 R BT T
TR o HE B TR R g vk 3, B MIS2 I A
HeZ SR UUR (B AR ) o 2R £ 2 A KIT =
T i DX A ), TR e FH A 4 it o i b
JZ 5043 B2k (R AR 32 55, 19915 P E 30 57, 2019) .

(3)MIS3 i} ] (U3: 21.30~36.60m), T L4 LA
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BRI FR K G . B 1 B b o 32, J5 &tk i
JR-HJRAR . [E K R S AT A L R RO 2 R K
L 95 /N7 ¥ WU Elphidium. kiagsuensis F 3T 5 ¥ 7K Ff
5 Wb 7 BB . Elphidium. advenum, ¥ 75 3X FE 1) U1 LAY
T ] BE AR E RO, A 320 R R R . TETR
JE 1 ANAR AR LM T MIS3 B (24~60 ka) i “4F
10 ¥ A0 27 (B 36 5 5, 20045 3K 3% 52 4%, 2010; 52 3F
4, 2012) ,

(4)MIS4 i 11 (U4: 36.60~56.00 m), Ut B4 L
IREERER L B, ZBEBAE AL RAA . A
2 4 8 2 AR i AR R R A IR B A Iyocypris.
bradyi, AT /WY B84 Candona. parallera, Bi 2. 3% 3%
v Candona. neglecta, Vh J Ffi #1 {H Jj& & & 2%
Parabythenia sp.. H/NEIR Gyraulus. albus, L% 2
By Bl AHTR K PR 55, ATRE S iz - e 1 UK E
TR 9 9 AH

(5)MIS5 i} # (US~U9: 56.00~92.95 m), 4R #iz
aVERRAIE LU S 9t — 2 R ol 5 A )R B
55.95~61.65 m, 61.65~67.60 m, 67.60~76.00 m,
76.00~88.70 m. 88.70~92.95 m. #& & Xf i T MISS
WP (74~ 128 ka) (19 “26 T EHFAHIZ ©

OMIS5.1 i 1] (US: 56.00~61.65 m)

22 BOA ERE LUR 68, | YRR K (4% 1 BB b
HE, EHZE, KRBT . W 20~30 Bf
AL, G UL i b — S AR, B K Tl 56 T AR A
Asterorotalia pulchella — >, T #RFE i WL 7 3§ 16 40 A
B2, 40 S g A DTAR PR 45

@MISS.2 i ] (U6: 61.65~70.50 m)

)2 BOA YRR AR LUK 50k 408D, K 2 BLEUR
. IR K R L, Ve BTAE A, BORA 5, £ 055
B85 % o ZEOR R BLOAR AL A, UG T T
Potamocorbicula laevis, £ I ] & FEAH DT . FE L
T5 W itE 22 Bk S R, RS L K )R N AR s
J 2 B A B AR L 2 Y Bl R M JE B 3% (5, 2N
45.2009) o

@MISS.3 B I (U7: 70.50~76.00 m)

)2 BUAYERRIE LA K 2 - BUmy b oy 3, K
R DLEC RO AL, T R e s
B fh  fLAEGT JLF R 22BN LT A, Hd
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pulchella, U 7 M AH AN 28, 32 36 1L BUF 46
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T I UURR IR R, A2 W VR VR S
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ZEME AR R E NI ERIKARTS
SR, BIKEF L2, WK ZH, B+ 0 2
¥ . %%}ﬁ EW. B R R IR A BE R Sk
A1, S HR 2R WAE YR R 5 B, i i JEAR TR

BGMIS5.5 B (U9: 88.70~92.95 m)

IZ 2 B T R AR A R R 608 D e B 4l )2
KVPZHEER . EEA LRGN &, B b
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TN, K Z I LT A FLAER LT
BB E B, WA TR 2, B AR R AE A, XDLAKR A
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MIS5 Q,ﬁ;ﬁ WA, AR R R, AU T d i =
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Fig. 6 Comparison of Late Quaternary Marine transgressions in the north wing of the Yangtze River Delta
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