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Late Holocene extraordinary palaeo-flood events and their climate
background in Zhangwan Village reaches of the upper
Huaihe River Basin
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Abstract: The Huaihe River Basin in eastern China is located in a climate-sensitive transition zone
between northern and southern China. It is significantly influenced by the monsoon and experiences
frequent floods. A detailed field investigation in the basin revealed a soil sedimentary profile on the
steep scarp of the first terrace on the north bank of the Huaihe River at Zhangwan Village, Zhengyang
County, Henan Province. This profile contains five layers of overbank flood deposits (OFD1-5).
Sediment samples were collected from the profile for particle size analysis, magnetic susceptibility
measurement, and optically stimulated luminescence (OSL) dating. The results show that: 1) The

OFDs are predominantly composed of coarse silt (>48%), whereas the palaco-floodplain and palaeo-
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riverbed sand layers are primarily composed of sand ( >88%). Particle-size end-element analysis
indicated that OFD1-5 were all palaco-overbank flood deposits formed by hydrodynamic action in an
overbank flood environment and subsequently underwent pedogenic modification. 2) The magnetic
susceptibility values of OFDs fall between those of the modern topsoil layer and the palaeo-floodplain
sand layer. The values of OFD5, OFD4, and OFD3 are significantly higher than those of OFD2 and
OFD1. This might be due to the different degrees of weathering and pedogenesis after the deposition of
overbank flood deposits. 3) OSL dating and stratigraphic chronological framework analysis indicated
that the sedimentary profile recorded five extraordinary palaeco-flood events in the late Holocene from
1 800 to 1 400 a in the upper Huaihe River, which corresponded to the severe climate deterioration
during the Wei, Jin, and Northern and Southern Dynasties (220-589 AD) in China, reflecting a
response to global climate anomalies. This study identifies a series of late Holocene palaeo-flood
events between 1 800 and 1 400 a in the upper Huai River basin and elucidates their climatic context,

providing critical insights for flood risk assessment and the development of mitigation strategies in the

region.

Key words: palaco-flood events; OSL dating; climate background; Huaihe River basin
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Fig. 1 Overview of the study area and sampling location
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Fig. 3 Particle size frequency distribution of sediments in the ZWC profile
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Table 2 Particle size and magnetic susceptibility characteristics of sediments in the ZWC profile
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B, 05 N 49.70%~59.10% (&1 3) . BF AW 2% K 30

WEVT OFD Sk b sl b o1 6 -+, SR Bkl i, A3 Uk
ARBACE 2R A, B R W EAER, A8 ik
Kt UL OFD R7EiZ A5 T, K sh e
=i Az R DT B 18 DR, 32 B —
AR AR F 9 T ok iz TR

w8 R A A Z b EM3 4 40 b bk
99.19%, 48 7~ 12 J2 FE B 7K 3 J1/E T Dl
B o I JE TR B R JBE 0 38 43 A S LAY ) A8 I I
B i R 2 AR 32 D (89.10% ) (181 3) . BF
HMWLER e AL 2 N S8 R e iy b BT A I, &
BUCRECRHZ B, B2 R AR AKIRER T,
TAL I HEAT A U8 A i ) T R A S ORI B o

TR AR VR 2 h EM1 4 4% 5 FE 30.08%, EM2
7 L 69.92% 4878 T %2 52 24855 1 It K AR FH AR
A RCIEAVE R 255 520 o VR 3R T U )2 1 B 45
B 8 Tl N2 YA A D UL iR U
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T, O 59.40% F122.42% (K1 3) . BEAMULEE
Wk IR JZ BT K, F L R, T B0
3, 1 BH 4Tt B T R BE R i K AR I DTRUE A%
HITRVE)ZAZ 8 T — B EE I XAk R A

i R A A 2 T EM4 41 43 o EE K 99.97%,
ooy R AR R IZTE Wi R v 22 3 1 0] G 2 1 K
B AVE . Tl AR A 2 AR B A 3R o A 2 ]
B LIS, R UG R T B 28, B BE AL ARD N 2, i H
#3596.12% (& 3) . BF AR W5 b & B3 )2 I b s
B A/NA TR 2, Ut IZ )2 AR 2K 3 J14E
T EUFTOR AR Dl A I 2R DURUE B A T R
TR
3.3 WHALERHHE

TURRA) 1) 1 AL 36 R A% S B FL R 1 0 ) (i 2k
) 1 i, 48 s KAk i R B (Jia et al.,
2022) . FERUES RS AR SFEEA AL R ARK
AR MR A VER T vl H 4k A Ak Can gk
W AR ), (DT RR E AL  T e (TR Uk A 5
2023) . I FE IR BRI AR T O AE
s AL, WAL R . ZWC ) ARG B A T
3.8x10°~67.43x10  m¥/kg. HH, Hidh Ms iy fs b %
55 (67.43x10°° m¥/kg) i B 7E Ms B il #2 1,
A 35 Ay T I A, DR B IO A TR B 5 T T
WEARD AT RAHRD 2 ARG L2653 5.3 7 10 I
3.8x10°* m'/kg, J& TR UCAY , LUHLROR N 3 | #
PER ) AR A, N2 R i KA AR
BUE , WAL BAR CAWRESE,2017) s THIEEAR TN E )2

B REAL 3 A 14.33%x 10 m’/kg, A T IAC 42 Fidy
)R A RD 2 2 18], Ul B 2 TR R R A, B
T B B 22 B M R, TEER IR T TR
B, KN 1SS WEED W) Sy A R AR T TG
A (425 55,2015) .

ZWC ) 1 Ay oKz WU RS B RE AR R R
6.53x10°~44.5x10"* m’/kg, /T PUAC 4 5 2 Aty
AR 2 Z 0] 45 Ak B v s e BT S, bk
1Z M UURR 2 ¥ 32 B K B 7 VR R A AR g 4
Y255 RE M, ) Jo ke U — B0 HEBR 1 3 5 2 45 47
A P S5 DR 2R 08 T A I k7K 3z i TR A 1
22 B T AN R R AR s, o,
OFD3 . OFD4 . OFDS 1) i 1k % & i, 43 5l
37.9x107°,44.5x10 7 F1 41.13x 10" m*/kg , ki & St o043
T 038 v T 10 1 3B 3R I AR DO AR 52 31 ) i 38
YE &2 R 5m%0 . OFD1 H1 OFD2 (1) 74 Ak 3 43 51|y
6.53x10°°F17.17x10"* m*/kg, W] A T- OFD3 ,OFD4
H1OFDS, B 422 30T T vy Vo] i A A J2 A0 oy ] R AH A
JZ 3 R0 BE Ui JC 43 A A 3R B OFD2 Ml OFD1 A2 £ T 55
AR BCEEAE R, sk mT B 2 DA Kz i AR )
TEDUR A Bl
3.4 OSLMELER

ZWCHIH 32 NJiE shsg b, H b2 751 %
42, i B3 F KK Ms WS ,OFD5 ,OFD4 ,OFD3
OFD2 ,OFDI1 . i & M AHEP )2 TH AR 2 ol
W RARDJZ o OSL I AE 25 AT & Hh J2 DT R4 B
(£3.KEl5),

# 3 ZWCHIE OSLMAESH 545 R
Table 3 OSL dating results of the ZWC profile

FEh Wz W/ EoKE/ Bt % PEEHIAR/ SEOR E (De)/ P
% = cm % U/(ug-g”") Th/(ug-g™) K/% (Gy'ka™") Gy
OSL-1 Ms JEEFHS 75~80 1845 1.57+0.30 9.63+0.60 1.83+0.04 2.68+0.07 3.79+0. 20 1 420+80
OSL-2 OFD5Ti#E  100~105 1845 1.26+0.30 8.32+0.60 1.70+0.04 2.43+0.07 3.51%0. 28 1450£120
OSL-3 OFD2Ti#B  240~245 2045 1.1940.30 6.78+0.60 1.58+0.04 2.19+0.07 3.37+0. 20 1 540+100
OSL-4 OFDITi#B  340~345  21+5 1.88+0.30 11.37+0.70 1.58+0.04 2.57+0.07 4. 00=+0. 26 1 560+110
OSL-5 TO02-al, T 415~420  22+5  0.51£0.20 2.40+0.40 3.26+0.04 3.12+0.06 5. 65%0. 35 1 810£120
OSL-6 MudTii#  620~625  23+5 1.3340.30 7.50+0.60 1.77+0.04 2.35+0.06 7.44+0. 61 3 160£270

TR BEA AT E TR EB 620~625 cm i OSL M4 45
(3 160+£270) a, X 5 HoAb & 0] 5 W ] 9L 3858 Y
Aib 75 BH F 1 ZW Z-1 35 T TR AR DTRR A i 1 C AR
ELEH (3 380+30) a BP | —E(X1%55,2024) . i
15 e A WP 2 TS 415~420 cm OSL I 4F 45 8 %
(1 810+120) a, R TNEREIE 5L T 3 000—1 800 a.

ok iz W DU Z OFDI T 340~345 cm /Y
OSL il 4E 2% 5 >4 (1 560+110) a, OFD2 Tfi 5 240~
245 cm ) OSL M 4F 45 F 54 (1 540+100) a, OFD5 Tii
BB Y OSL M AF45 5ok (1 450+£120) a, 5k 1l ¥ Wi
YNTY WC T OF D2 AIIAELE R (1 470+60) a ] (i N
4, 2024) K HE F i LZC )1 SWDG6 f il 4F 2%



144 iRz (HARHERR H3E30)

964 4

[ (1 500+180) a] #H 3T (Shang et al., 2025) , it B
ZWC HHE R T 1 800—1 400 a fY 131 5 Y At
KA

MsJiK#HB 75~80 cm OSLIMAELESA A (1 420+80) a,
P J2 7 F by oK Z iR 2 A £ 2 2

RS /em YPC HT YWC i
0p------ T
50 ¢ o
100 ¢
So
150 | SR 8 1302460 R ¢ 5704300
\ +
200 F L \\\\\\\ 11590£620
L
o | 12 240670 L 11 5804490
300 |
350 f
400
450 f b
500 ¢
550 ¢
600 [
- 300501610
650

750 -

ARLHR RERLR  HOKTRR Rz

WHHLE

], I XD 2 IE BT 1 450—1420a,1400a 2
A IR LT . X HUER LR LZC &) 1H R
@ M TR (YPC) B AR 458 2 HE RO il — 2L
(EJKZF4E,2024b; Shang et al.,2025) , BiAH 1 400 a
PIRAUE S 2 , TR RS 0

LZC #IH ZWC HITH

3%3 63301410 i
So3 OFR3
Syba | 84004620 T 1500
SWDI1
L, m

1540+100

TO2-al, |

3160270

LE= A R i3 el )

K5 ZWCHIH S YPC, YWCHILZC 1 i TR 2 AR Lt
Fig. 5 Chronostratigraphic correlations of sedimentary sequences between the ZWC profile and the YPC, YWC, LZC profiles

4 F w

T R GE W R e 32 B2 S A AR VR Bk 3l
Hrp bk 2 KR 5 S0 5 W S AR 1 35 00
B¢ (Guo et al., 2017; Tan et al., 2018; Z= B 42 &% |
2020; (LT M 4%, 2022) o AT AR R v 1 2R 358
B SEURRAHT |, 72 28 IR L L KA IR S I R AE 11 4
B AN R @ o N L e % T
(Benito et al.,2023) . #4811, 762 JCHT 185 4F F)
1982 4F 1) 2 167 4 10] , A SCHIR E k7 K F 2 ik
338 MNMEWR (B ik 555 ,1995) . 19754E8 A T I
Ui 0 LS S LS L 3 BT 5 d Rl K,
SR A 7K 2 R A 18 7K A 7K ORI 3 it 8 S 7R 2
e, AH 4K & 2B 5 = i (B K B8 4%, 2002) . 2000
ARV, B A s A6 S | T e A2 P e R TR K
AR 2 R AR R KRR, 24
Z F MUK ZES VW T A 3R E s ok
AR T 475-8" Bt AK 1 Kt K, Yo B T3 B3 T
1982 4F- LU 9 e KK (KA 45, 2011) , ixX 21

T e 1 DX 387K SR 8 0 AR e AR RO R R
4] 7

TR 0] S 3L 9 e X R KO K P e 2 R I R
CEAROA . R T MR L IR A A 2 R
Z— U A TR 2 KR X, L ZE R K 4
L, Z R M I I AR AR RS 2
B REETH RRRGRR, 5 I8 Sk FEoK
TR T POk K A 0 KU (T — 4, 1978 5 0 3 MG
,2010; T—30,2015) o eI FUF K &R 2 A XA
(40 BE T 0 A, 24 2 T A B SR Tk KGR s 4
TERCTE ) B KRR K I B K (PG
,2010) o BbAbh, WE] B L X =T A L g
T ARG, 22 5 B 1) 1 SR 0 s R I L oA T
() /N Je b T | b B4 4 TR P A 2 TR Ol 4R
b, SRR K E R (AT, 1997) o Nz, s
PR R 1 25 N 200 ol 6 A i 3R 7 B, K
S IR 5 SO SR KR R T A R T K
MITE o H I, JHETRT A 358 Ui Tk 7K 0 B 0 &, 5 i
PO E S KRG IR ARG 3 4 2
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HIEFHZ VI,

THE VAT 37 5K 7 R BE ZWC ) TR T SR Y 5 vk it
IR R AETE 1 800—1 400 a, TZ ] 5 T i =,
15 5 A8 B A S AR I o A BF 9 3 3k o Tl g 4 38
I B I L T R T AT AT 4B R TR
T4 R S DR SRR, R BRAE 1.8—1.0 ka <,
i V., A 28 XL 55 , WK 38 22 ) B 2 SR 0 (%8
N, 2015) o LA X B UEAT Sk st ik X R 4B
I IR PR A A ST, S T i ast kAR BT IS PR B
A AL K K S SRR R, KB 2.5 ka
(1.8 cal.ka) 5 , TEVAT RS S0 R 21008 B0 i AKM 202
(5 R XA, 2025) o BN A XU i S 7T 11
HE R AR R (TZC) T e 5% 1 4 it
M 1.8—1.5 ka A9 R it /K 44 Q8 R 55, 2025) o
2 B AR, WE AR 1 800 a A A7 S AR I 3h W2
B KA AL S8, B K AR F K, W ) T B0 i K 1Y
Y e

SET IR 1 800—1 400 a3 A N & 4
BRI AR AR, Wi R 5 K o Bl pE 2L
DX ) v 3 e YA OB 5 25 2 000 a 1Y
SAETEAS S s T ¥ DRSS G, JE /R e i
H4F (ENSO, El Nifio-Southern Oscillation ) 58 filI 51 ¢
SR A, KRR IE AT — AN UK & By B (200—
700 AD) (Jenny et al.,2002) ., Jt3%Hh [X 35 [F 4 1 2
YIB% iz 5o AR YE Mg/Ca iy RT3 £ 19 18 7 971
2 1 600 4/ I E & A= B 3% 37 8 (Cronin et al.,
2003 ) SV P b DX s [ 5% M 5 2 113 ) g 7R e )
BHI(SAS) AN, #5878 T & V. 1.5 cal ka B W FEE K,
fig A8 45 A (Cho et al., 2022) . NGHP-15A .01
TR v 7 it A L T 1) 4T T i U0 100 oy 0l 1 2
7 Ak R I o 07 TV S A o PR B A R T
200—600 AD M5 W] i 28 4% , A8 fk 5% H (Mohanty et
al.,2025), LiRWFFEIFE IZIHH A kK S
55 R 0% Bl ENSO M 56, Sk T 4 BRA A6 1)

(S
SR RAR

GBI 1 800—1 400 a 3k [ % i R A&
S5 iy DXR B 20 W DA A o = (5 H 2 93%) , 7
T8 QH85-"C L ARAHE Y LA 5 8 27 1.6 ka,
TR At W (R WL, SR i st 300 B e A g o Y = A
PEUE T A JIUEYE (/N 4 ,2017) o HiAb AR R
5N SR SR L X TE 1 657—947 afr K
T3 Z 08 o5 DR FE TR AR /D, AR AE P 0
R BK, R — IR £ 5 A o
KA A (EAF RS ,2021) . [A) I, BIHSTC S Y

ENSO Z {4 75 W 42 57 tH A8 28 SR 3G 5 (2200 L 45,
2024) , Jiang et al.(2021) & T R i 03B VG V0 HE 5 i
W Sr/Ca 23 A1, B4 T 48 25 2 000 45 F¢ ik B 1 19
ENSO 28 3%, b /R 76 JR g i AL 1 (1 800—1 100 a)
ENSO 745 5% B A F 3R 5 39% , 2% B 3 — 1 1 ¥4 1%
WK Wm0 A

A 1 800—1 400 a, T [F A [] i 4 s 1
WESR T R K S 0F . KITH KN = AR 4
C2 s Tz A i K 4 38R T 415—
475 AD N ik K £ % W] (Zhou et al., 2021) . #E
T i B 0 25 Ak 1 SF- 9% 6 (PDG) ) T R SR T
1 800—1 600 a MY 7t it /K , & 4 Ut i I & A F
39 000~50 200 m*/s(Liu et al.,2014) , 37 i & Tl i
3 P R (TXC) 1T 30 58 1 9% 3 2R 30 2% XUAS
Foae , A AR AL S 3500 7y 7K 3544 (Zhang et
al.,2019) . BT EJERTB A (QFC) KM (TIZ) |
I FE (LWD) B 9 (LIT) i i % 17 % 8
SIS T B AR R K, R DL A & AR T ik K
FH {4 (Wang et al.,2023) . ] _L 37 P FER (LZC) )
HCE T & T (1 500+180) a iyt /K =i4:(Shang et
al.,2025) , 3PP EE R (YWC) f T e 5% 1 [F]
— B ARG 1 HA 3 R R K S (M R 45, 2024) o
XSRS R I 4 g 1 800—1 400 a, A%
7 RV By R AR SR AE AN [ 2 X 5] & T ™ it
P59 IZ I A R R T K T T R e 2 XU
S AR R

SRR 1 800—1 400 a 3k [E 4 T8 % Re b
](220—589 AD) , iX — I 3 VT 37 Ju P /K 2 7 vl
H AR SR W 5y 51 ks R K =5, 1 itk 7
9ECE NS, 2012) o PEGeit, 78w db Y
(420—589 AD) 1 170 4 (1] , 38 B M3t & A= 7K K 140
W, PRI N25 e Horp SCikic 2R A6 2R 2% S0 KA L
(485 AD)9 H “BETE JH M4 KK, A TR
IRk s R Wb FLAFE (516 AD)9 H “TEK 2k, HE IR,
HEng, m =g H, KU E RO
RN (L, 2010) o A ZOK B SR AR
BT RN P 2% Ak 2 B AN, S R L ST Ok
(7 B S5 S AR BT — 2 51 19 K Bl BOSR A
Jiti o GNARSCRE JCH —HAFE (443 AD) “E S M
KR8, RRYL. 3B S URNL, 45 WA
HIC44- (482 AD)6 H /KN E”, STRA T
W R LK B SR AL A 7 B B 3l SR BURL
B Ah , AT R % K R Tt , B 948 3, A
A7 B, AR 2 BHOR S Th s ISR, 245 %14
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