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Abstract This research uses the basic end-member modeling algorithm, non-parametric estimation
decomposition algorithm, and grain size-standard deviation method to evaluate the grain-size data of the

Holocene sediments from core SE3 in the Hangzhou Bay area, in order to investigate the vertical
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distribution pattern of different grain-size end-members and their coupling relationship with environmental
evolution. Results show that the basic end-member modeling algorithm acts as the best method in
decomposing grain-size end-member in comparison with the other two methods. Five grain-size end-
members were identified in the study area by the basic end-member modeling algorithm: EM1 (clay and
silt), EM2 (coarse silt and very coarse silt), EM3 (very coarse silt, very fine sand and fine sand)
EM4 (fine sand and medium sand) and EM5 (medium sand and coarse sand). Their vertical distribution
patterns are controlled by the evolution of sea level, depositional environment, and dynamic process. The
coarse-grained end-members EMS5 and EM4, representing bed load, are primarily supplied by the
Qiantang River and distributed in the amalgamated fluvial channel, floodplain, and paleo-estuarine
deposits. As sea levels rising, the content of proximal EMS5 decreases upwards, while the content of
relatively distal EM4 increases. The fine-grained end-members EM2 and EM1, representing suspended
load, are distributed in the offshore shallow marine and present-day estuary stratigraphic units; they are
mainly derived from the Changjiang by a combination of alongshore and tidal currents in a high sea-level
setting. EM3 | representing bed load with a normal distribution of grain size, is primarily distributed in the
present-day estuary deposits, and probably represents the sediment transported and sorted by tidal currents
and storm surges. This study sheds a new light in reconstructing the evolution history of sea level,

environment, and source-to-sink processes in estuarine areas by using sensitive grain-size end-member

algorithm analysis.

Key words Holocene, Hangzhou Bay, grain-size end-member, souce-to-sink processes, environ-

mental evolution

About the first author ZHOU Xueqian, born in 1998, a master candidate of Nanjing University,

is engaged in sedimentology.

About the corresponding author ZHANG Xia, born in 1985, an associate professor of Nanjing

University, is engaged in sedimentology. E-mail: zhangxia@nju.edu.cn.

0 5|5

DU (f) A fb . 5k s e oS8
WGBSR N S, s, e
SRR AT T A R A AT DR R kL A
RULRRY) () BEARM YR, #86% A S48
ANUCRR B 1 440, IFAEY IR RN . DOBR BRI 0 5] S
KBl Jy ik #E oy b 4F 7 TR O BEAE A ((Folk,
1980) ,

B 19 2 B D7 IR AR DR 2 P AR 31 T K
IR IE, BERENR G T 2 M T gt 2% A
BRI A s, DA AT M A R DU RR A 1 ) B
PR RPIA A BE . Folk A1 Ward (1957) #37 T kr
FESHOHRAS, IR AR RS 43 A il 26 A B TR
1) iz A PCERRFAIE 5 Mason FI Folk (1958) 5] A%x
HEDW 22 . mAS AR, LXK 20 AS [R) T AR A 55 A0 0 AR
AR Visher (1965) i o fr i A% 32 22 B e 4480
T TR 25 R R AR S ORL A% 2 PR G &R

Sahu (1964) # Klovan (1966) #t— k@ T %
TORLBE B B DTRR BRI H AL, S TR BRI
PRALT B RS, DU R EEEUR )iz
BT A ki v SRR DURRAE S, fEfa i 2=
WG AL U A ey B B A T T R A T
YERT . Biltn, DORRM AL B Hcd & 2wl iz v T
KF7# (Rea and Hovan, 1995) . Ff:i{q7# (Prins
et al., 2000) ., JE Y P4 B§ &= ( Stuut et al., 2002;
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Gy B R T ORI IR A Bty S AR R R 4
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TR o AR A W 50 T B A R AL S R R R
PHAEEE L, IR, hERAEZITR
WHTEAR IR A, I 5 22 51 [ PR & A SR AT A
T TR IR — I o A8 0 BRAR . o] n |3 4R 9 R Y
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REVIRY), BRERNZHEIBRER, IdxTF
R S R R (MRE, 1997) 0 Hop,
33 RARTI NN RID Lt EET W WC Ny I M B NV E 1/ e
RIATL PN i 5315 2 0E 7/} big AN i D R P L i )
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Fig. 1  Geographic location of Hangzhou Bay and sedimentary column of core SE3
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Fig.2 Residual and median-determination coefficient obtained JE it 22 f4 - B A b

by basic end-member modeling algorithm (BasEMMA)
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Fig.3 Average and median of terminal element deter-
mination coefficients and angle deviations obtained by non

parametric estimation decomposition algorithm
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1 EXBRTEAELREIN S NFRRTSHESE
Table 1 Parameters of five sensitive end-members obtained

by basic end-member modeling algorithm

W PR AMERE RE KA

/pm /pm (o) (Sky) (Kg)
EMI 9.27 6.54 1.59 0.25 1.25
EM2 37.74 33.77 0.80 0.17 1.10
EM3 92.23 92.58 0.61 0.07 0.98
EM4 225.4 107.1 1.86 0.66 2.27
EMS5 484.9 448.2 1.24 0.33 2.92

2 FSHETIBEERBIN S NHRIKTSHISE
Table 2 Parameters of five sensitive end-members obtained

by nonparametric estimation decomposition algorithm

W FEHpRiE MERE mE L

Ui TGy

/ pm / pm (o) (Sky) (K¢)
EM1 9.27 6.72 1.58 0.24 1.25
EM2 37.74 35.79 0.71 0.10 0.99
EM3 104.8 89.55 1.00 0.34 2.02
EM4 225.4 176.1 1.11 0.44 2.17
EMS5 484.9 425.6 1.20 0.37 2.71

B VAR A B ORI o FEAR S O TR UK T 2 I S
T8 H BRI e JEE AN 2538 4, KL B2 73 A 1) AN X
PROEFNGERL 22 S B0 B35 0 ML Z T, AES 8T
G RS0 P A B A S O AE i B RITIEE Z5 L 1 A2 A AN
HEA S JUARE I 1 (R A5 SR W I

ST, HEAS g T 32 0f W IR R AR Bl
b AR B PN RE ) B O U AN S, i ot Z 1) Y X g3
JEEWIR . X FR2E IR T 2 R RA BT B A S
S B T AR T B 1 AR B IO AR AL B2 Bl e o A AN T
BB AL o S B I s, B L BE 2 e AR A
AU R I R A, PR b A B g T LA A Y
Yy BRE SCR T fif B L (Zhang et al., 2020) . AEZ
BOfTt o i 55 1 8 25 B TR KL B AR B ) B
S, T el o B R AR T 22 B B A o DR T 4R B
W v oc % H f1 44 & ( Paterson and Heslop,
2015) , PG T RETIC 12 20 52l S i 0 AR ) ) R U5 AT
JRA o AR P KR A X R0 HEAT PR A I, AR S T
BRI Bk S U B e 5 B DL AR R, Ak
SR T i A SR U s BRI &, R
HAIRZIR A3 % 0 (Zhang et al., 2020) . MIHZ
&, AR TR A AT A R T R R A E Y
YAoK s Jyad B o BN S SE3 L 9 T AR kL

TWHT, asiAiRa R, AR IR R
ik 22 5 WA, DR O SR P R AR i e A8 Rk 4 B 1) S
AN o6 ] BE AT A B DTS AR .

L2~ Al 22 125 30 3 o SR B O3 A1 B B THE i
75 W 2R PR I S JO VA AL, 2205 % 3 T T TR BR B
PERIZL . SmoC B B A 5 o R LR — s HE i 22
LR 25 HoAh 2 R i B A5 R BETT A L, LR
R — b A 22 1k T 4R E 0 4 A 2 BEE(E 43 AL T
9.27 pm, 37.74 pm, 211.04 pm, 484.9 pum, L)
J 0.36 um A1 1848.69 pm 4b Ay 2 >k B g H
(K 4). R, f£A0HF, %Ik REE
92.23 pm ALY H EM3 Sioc (] 45 B 5) o

12 - —4

AN
g ;ﬂ—lv“iﬂr'o‘ﬂh]" '-:1 ';":—v-n-— 0
0.1 1 10 100 1000
A/ pm

— — AEZEAEE e FEA i TOAE R 1 it A 2

B EEce EEev [eve B RV
B 4 FEEARNGTHE B | SR o 58 R RORL R — AR

THE D 22 12 B 3 G (]

Fig. 4 Diagrams showing grain-size distribution pattern of each

end-member obtained by basic end-member model algorithm,
non-parameter estimation decomposition algorithm, and grain

size-standard deviation method
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Fig. 8 Diagram showing correlations between the relative
sediment contribution of Changjiang and Qiantang River
(data from Zhang et al., 2025) and contents of each

grain-size end-member
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