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Abstract The grain size data of sediments can quantitatively reflect hydrodynamic characteristics
and terrestrial material composition, providing comprehensive insights into sea-level fluctuations, regional
sources, and climate environmental changes. Among these data, environmentally sensitive factors in the
particle size data serve as excellent indicators of sedimentary environment and monsoon intensity. The
abundant drilling data from the northwestern shallow water shelf of the South China Sea provide an
excellent research platform for studying hydrodynamics and climate change. Based on the particle size
analysis of 52 Quaternary samples in the continental shelf area, it is concluded that the continental shelf
sediments in the northwest of the South China Sea are primarily composed of clay and silt. From bottom to
top, hydrodynamic activity gradually intensifies, resulting in a relatively turbulent overall sedimentary
environment, with variations in source input and hydrodynamic activity at different times. To explore the
response relationship between the East Asian monsoon intensity and the response of sensitive components,
environmentally sensitive components in sediment samples were extracted using the grain-size-standard
deviation method, the end-member component analysis, and the principal component factor analysis. The
results show that the contents of fine and coarse grain components extracted by different methods exhibit the
same trends. Therefore, it is considered that all three methods are suitable for analyzing environmental
sensitive components in the northwestern shelf area of the South China Sea. The ratio of EM1/ (EMI +
EM2 + EM3 + EM4 ) obtained by end-member component analysis and the comprehensive index GS
calculated from the four particle size main components separated by principal component factor analysis
show the same trend and it thus can be used as alternative indicators of the relative intensity of the East
Asian winter and summer monsoons. The content variation of 4. 03 ~8. 68 wm fine fractions obtained by the
three methods can also indicate the intensity variation of the East Asian summer monsoon. After the climate
transition in the Mid-Pleistocene Climate Transition (around 0.8-0.9 Ma), the amplitude of East Asian
monsoon variations intensified, with a significant strengthening of the winter monsoon. After 0.9 Ma, the
shelf is exposed as a result of sea level fall, with a subsequent increase in coarse-grained sediments.
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environment, Quaternary, shelf of northwestern South China Sea
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34.90%, F¥E RN 19.89%, FE D FIRY 4

o EM4 F i AR ELl 0% ~39.33%, H AR

NREIEL, E¥ RN 2.27%, FEEHTAR, B

W ER, ATHLE(E2).

3.2.3 EMSBEFAMERBNFEHBRE T
fiE

B E00 W S I R MNP VA i R W N
SR 2 DU R BE B TS o, BB AR Z DR
LR B AR o BRI A AL SRR R G B ROk, TR
RN R EIREE, 2017) o Hir A5 i
X v ] T G 5 DU 20 A DO AR SR EAT IS, R AR L
W 4 A A A R A B R Y 5
(GS), A2 I 2 R JEE A AL 9 B AU A, AR
AL (Yiet al., 2012)

Fi /N T 0. 1% [ RLAR A i B0 b 1 i 22 R 1
(/NF0.05) , HS R85 28 Al 1 i B B B, DR A
UHEFEA X AR VT8 . XF 52 UL AE dh 4T 32
WOy F b, RS 4 A EER T FLL F20 F3,
FA, 5% 4 4 E W 700 Bl i B T B A ORL 9
31.466% . 21.020% ., 18.685%F1 16.753% (£ 3),
P UL A 3K 4 A R A T R BE A T
75 87% LA EWIME R, ATHRACEE 52 AT AL
1 AR JBE AR AL AR AL

KL F R FILE 5. 21 wm A0 A 1 ASTE) (9 IE
MU, £ 586 pm AbAT 1 ANEE Bk 7% HOE IR BRI
ORI, 15 vy JEE A G ) BEUERL L 20y 1. 45~
9.68 pm F1 310 ~ 976 um, Hi & F AL 4 F2 7
66.9 wm AbAT 1 AERAS I IEAN G I, fE 7. 64 pm
A T ANBETETT R SO OG5 L g R A G 1 UK
KL 5y 7 35. 3~ 111 pm 5 F2 (AP o L
FEIr F3 4E 0.523 pum A4 1 AP B IE A G I
15 272 pm AbA T ASBRAE Y SRR DG I, 5 v A
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Fig. 7 Results of end member analysis of the Quaternary sediment samples from Well YC 8-2-1

in continental shelf of northwestern South China Sea

®2 BMBALBERERENRTRY
1B ik T 5 S AT
Table 2 Characteristics of grain size end-member component
parameters of the Quaternary sediments in continental shelf

of northwestern South China Sea

Wit CE¥ORR sriE MmEE R R B b
M4y (Mz)/pm (o) (SK) (KG) /% /% /%

EM1 5.21 1.11 0.004 0.91 33.51 66.46 0.03
EM2 15.77 1.01 0.096 093 254 96.13 1.33
EM3 56.33 0.81 0.124 095 0.02 52.12 47.87

EM4 538.37 0.53 0.335 1.24 0 0.02  99.98

K BUBRI R A 5 0 0. 46 ~ 1.45 pm o 7B F B Ir
F4 75 127 pm A0 1 A8 %8 1Y OE A G 0, fE
212 pm AbAT T ASERAE Y GOAE OG0, 5 L R A R

3 BEAILBEER YC8-2-1 HEMRARNRYHER
HEEEETFRITREE
Table 3  Cumulative contribution rate of main controlling
factors of grain size of the Quaternary sediment samples
from Well YC 8-2-1 in continental shelf

of northwestern South China Sea

TH . PRTRE RIS CRRCLS
T /% /% /um

F1 19.509 31.466 31.466 1.45~9.86.,310~976
F2 13.032 21.020 52.486 35.3~111

F3 11.585 18.685 71.171 0.46~1.45

F4 10.387 16.753 87.924 12.7~31.1

M RCRL 4L 3 12.7 ~ 31 1 um (B 8) . iR
F3 M BURKL S 7 (0.46 ~1.45 um) & D,
HAAE/AN, AR GE A AT HHE
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Fig. 8 Principal component factor loading diagram of the Qua-
ternary sediment samples from Well YC 8 -2~1 in continental

shelf of northwestern South China Sea
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4.1 PESHBFMEXNTRKIIHETR

RS A T, TR R AR 1 W (I 43 A7 3
UK 8 1 &0 RUSE MO R, i E H
W5 T R OB BT A e R % UM o6 (5K U7,
2015) 5 Bl GG AE A7 F R BB P, D 5 B K 3
e WK, DURLZh J# i se 4 R,
250 AL 43 1 B i R s oL s B R AR R
MIARTR P AETE 22 5, — MBI 0 B B R 41 4 1 A3
il 2% o0 BRI AY A, 22 BT 4 G A R il % Ol 22 06 4%
i (IMVEZREF, 2018),

FliZEIX YC 8-2- 1 JH45 DU R U kL BE AR AR 7E
el BARL R — s A, U4 Byl ALY LA i
MW hE, kK2 (1.53~2.05), £Z KA
Gy OBUIE A3 A B A R M 2k, VR E B AE 6.5 ~
7.5¢. 3.5~4.5¢ X[A], MR RPUHHL 2 MEBA,
LB AE 4 BT U3 BRUTBURLE 550 iE 4% U4
BeAR AN, B0 58 il 2 S 000G, A X R 1) R E
B, MR BRI ML BRI B, W U4
U3 Bk gl Sy RE AL, B 43 A3 14 5 3l 28 1)
T U B AR R SR 2 S e TR AR A 7k B g it
G 38

U2 Byl B Lhai b o £, % U4 Fi1 U3 Boki
JEHOHL, Jrik e (1.73~2.38), B Rl &
FEREWES A, A — DU =g, =g
Hh 2 WA B X L PR BE e R 250 1, MRS BRI 2
WE L, DRI T B, RS X 1
RLRERE R, RW U2 Buf WK 3 Jy g Rt g o, Ul
BOUUR MR B 4 A & i de , DA o £, &
LR 00 e J2, F ¥ R 42 A8 b X A K, o ik 2
(1.37~3.14) ; ZBoi Al 2 2805 W, #7755
S, I AE 0~ 1 o, HER RN
M Z 80 B, DEER B, Rahdl &
¥, ZiAkE UL Bt UK 85 ) 66 & F — 45 3
i H AR A 24

BBk, U4 3] U3 BBk Bk 4 5 4y v FY A A8
by, U3 3| U2 Bk BR 20 43 O 8 4R A~ HOF i 3
e U2 Bl UKz 3 Ty e ol U2 ) UL BrE 2
PITTR AR S R B F B i S, EURL AR SO0 I 1Y)
RIARZE ML . SR, Visher (1969) 45 iR )4l
GYATAE 35% L b, W3R OR SCROR B9 il £k vl e )
NPT, H& S m KRS, L6 RE,
U4 2] UL B, R34 o Tk BR A4 55 0 80 2 38
AR R, WAl &R B, ok Rl U4
F UL Bokgh e 2 mm s, Hep Ul Bok
h 1 R ok H e o 3
4.2 AEFERBOIEFREFILES T

XoF B ] PN G A (] TR 45l O SRR 9 1Y) F 5 B
ST, L 1 O 25 7 B B B A 4y Y ]
BERFEAGT I 5 oAb, X T v v R R AR R 1
Fwm, WRESAMAIRZ M2 S (Wan et al.,
2007) o SRLG—REAR 25 AH L, S s 4 4 4 BT i
WRLZEG M, B IC A O I Y B S P BEE
XA IR A B — AR 0L 0 AR ) W B B
B, H T BT A R R R T R e sh ) Y
SR, ARXMERE A S oC o o B . AT IR 4
Wi B F o B S R 3 g ML R BE S, B
PR 2 — R i 2 06 0 2R Ge it L, RE T e
Hb PR S AS RDRE B 2 43 22 TR) 1 SR (36 4) .

YC 8-2-1 H Ui By i b b0 G —Hm 1 i 22 1%
(STD) #RELH 3 AR BEHURLL 4, KR 14 R0 K 53
WA 4.03~8.68 pm (A1), 66.9~98. 1 pm(A2) .
516~666 um(A3); ¥iIocdl 3/ ik (EMMA) 42
B 4 A PREERURRAL 4, %R ARE Gy o 2. 75 ~
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Table 4 Summary of sediment grain size indicators for East Asian monsoon in the South China Sea

ESINY REVA T I i 5k IR BT GURORL I/ 46 A fBRE X EEPUN
, CESNE R T8 H Ut P 45 (2008) 5
MDO5- 2901 ( 73 i V4§ 4 PCA . 8~14.7 1~43.
(VIR 10.8~14.3 pm 30.1~43.7 um s RLORLED) W F 25 (2007)
STD 1.3~2.4 um/10~19 um 275 5 B2 XU AR N B
ODP 1146 ( ®¥L30) EMMA 11 pm(EM1) 7.5 pm(EM2) . EMI /8 & ZE KR i ; EM1/( EM2+EM3) T3 it B 4 (2007)
2 um(EM3) 167 4 78 RUAE X B 2% R 1) 5
, B 7R (4%
(0) 4. 2R H ST .5~ m ~ m oulay %% (2006
DP 1144 ( Fg#A63) D 2.5~5 pum 20~40 p SR KL Boulay % ( )

0~2pum (EM1),2 ~ 10 pm

EM1 1 EM4 #8758 - 1 42 1k 5

PC 338(BWFPYAL#E)  EMMA  (EM2).5~28 um(EM3) 15~ ENM2 J5 75 47 5 % 3, 2 1 (2018)
100 wm (EM4)
S20 (R AL R ) STD  4iRi4H 45 (<19 pm) [ F- R 4 ZZEN FH L4 (2015)
MDO5- 2905 ( 75 /L3 STD 2~9 um . 15.5~63.5 pm R (4R , 42 K (UKL 1 305 (2008)
MDO5- 2903 ( 5 WAL %5 ) STD 3~5um. 13~16 pm KB (AR , %22 K CHLEL) Xie 45 (2014)

TE: PCA— A B T2 M ik 5 STD—Hi &t — b e 22 1% 5 EMMA—3i oo 28 20 S A7 i

9.86 um(EMI) . 8.68 ~31.1 pm (EM2) ., 40.1 ~
111 wm(EM3) | 400~859 wm ( EM4); 3 i /r H F
Ak (PCA) $REUH 4 D IREEEUSRA 5, X RHY
gL 4 N 1.45 ~ 9.86 um (F1 -1), 12.7 ~
31.1 wm(F4), 35.3~111 um (F2) ., 310 ~976 um
(F1-2) . 3 FpJy k3 Fl 0 R 2 80R T 50 0 # A7
2, REUHE B BURR R B — o A
P, HERMERESAWBHREEYE (K 9-A &
9-C), R 3 FhJr k338 F F A0 55 X 9 45 Ak
HornyFE ., Hrr, F s oA R A
T F4 (12.7~31. 1 pm) FERLH—H5 HE A 22 75 T Y
AL-A3 H ARG BRI MR B, 58 H R 2 F4 X R
LS s T O 22 (A A, B X — L A% 3 L P kL
T A A i

4.3 HRASHNBBREREREETENX
BGOSR DT RR WKL R AL DA R R R AL
AN T RS, B4 &KW 0~ 15 um {5 Hl
VAR 2400 23 3 R BN R 2 AR I B 2 XL A R B
(Boulay et al., 2007; #7364, 2008; ALk 4,
2008; Z=BfH, 2018), 16 ~63.5 pm X [A] — i A
PAFE /R AR M4 Z= X8 - (Boulay et al., 20065 4% 3C
Je4E, 2007; FRPLPESFE, 2008) (£ 4), AR
DX U A SRR L AP — E 22 57 o
WHIERT, B 2 X 5t 2 3 B K 2 5,

Tk A B AR o W B 2 3G 22, T A 2R KUY 3 R 1
A1 BE A RE X T8 1 A 5 A, I BE 22 LKL )
JERURY 2 W) o a2 3 R v PG AL R (B SO A,
2008) o PR, ik FUHLDRL 2H 43 % 5 09 28 4] 51
FAMEAR 0 5 2 XA & 22 XU AL 1 5 AR Fn o EMIL -
EM4 2 B A 52 bRy #5040 43, A/iF N X
TV AL F B A JE 2 R O s (X))
MR AR (RN AET IR 24558, — 8ok
A0RLZH 73 i B SR T U U8, o TE) 2H S A R A T U A
W, RLAREORL B 2 0 WA B D K2 (Wang et al.,
1999; Wan et al., 2006, 2007) . K, $ A K ¥
TCAMHTFRAR Y EM1 1 EM2 f#% B k0] 3 S A 1 U6
K wb s EM3 f kLA B 42 00T B T PO AL AR g XA 4 )
(Boulay et al., 2007; Wan et al., 2007; 2= 0 3ji
2018), AR, RARA—ER 2> KR Yy B a] PLTTR
e 5 ¥ 78 L ( Boulay et al., 2007; Wan et al.,
2007), HHMZE & EWr)E, Wil EM3
Sh A ) T R R T TR S 2 s EM4 U]
RE S 15t 1 it 7K 4 a1 2k 14 i b 3 R )

T A RAE KL B R AR AL X B S,
EM1/(EM1+EM2+EM3+EM4) 378 %% G 2H 53 70 B
AR IO 0 4006 B A DLRR ) SR Y b ol
By R o3 A s A IO 1 4 Ao A A ST
KLEEFP S (GS), dHE T F1-F4 5 H AV J7 #fif 2
iAW U B
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Fig. 9 Comparison of environmental sensitive grain fractions extracted by different methods and East Asian monsoon intensity

GS=0.3579xF1+0.2391 XF2+0.2125xF3+

0.1905%xF4

S ¥ 515 F B IF A 36, VOB K, T

proxy index in the northwestern South China Sea since 2. 6 Ma
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%, GSHiZ IR, LAl LI GS 551 Rk £ s /R
WXL (Yietal., 2012) o 2R A 7 KU 3
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MR = MG sy, IR AR PRG54k ) ot b
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(18 9-D), kw1 IR i 200RE ) o ) A2 4k
AR B 7 AR X o B AR AR A AR A o A AR U
FERAR 5 AT AN R T AR 2 KU AL A F 58 (Clift,
2006; Wan et al., 2006, 2007; Sun et al., 2010)
PEATRIEE M, AT E— P R BIF ST X 2. 6 Ma DLOK
BEURORL NS R I 22 KUY i s 1 T

f£2.6—1.8 Ma JJLAR IS ] (U4), GS J7 5 Fl
EM1/( EMI1+EM2+EM3+EM4) (i #3 8 % Jo b 5
AR (K 9-D) , R WX — iy 1k 3h 1 5k
SR T IS, TR B AR A oy AR A —
B}, RUEEXNBEEFHS, X5 LEERAE
A IC R BRI A T KT (B 9-H) MXF R, 78
1.8—1.3Ma (U3), GS &1 EM1/(EMI+EM2+
EM3+EM4) {Hi#E— L0/ (K 9-D), FHIxX—mf
WK gh Sy, AFREEE, X5 RGE L MHE
JEER KA SRR BT I s A & FE X TR e — B (] 9-
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WATE 0.9 Ma Z Hif 2 AL B A 5, I B2 AH X B2 /DN
MAE 0.9 Ma 2 J5 22 Ak Wi B2 15 X (K 9-A % 9-C),
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