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Abstract: The north slope of Xisha carbonate platform in the northwestern South China Sea is supplied by land and marine
biogenic materials, so the sediments contain abundant information on climate change. In order to explore the evolution history
of paleoclimate and environment in this area, the 828 cm-long core SS7 was selected for elemental geochemical analysis in
combination with the chronological framework established by the AMS"C and oxygen isotope of forams. The results show
that the core age at bottom is ~55 ka BP, and the elements within sediments are mainly controlled by the terrigenous clastic
input, marine authigenesis, redox conditions, and marine chemical deposition. The K/Rb and K/Ti can be used to reflect the
surface chemical weathering in the source area and the evolution of the East Asian summer monsoon (EASM) over the past
55 ka. The regional EASM apparently decreased at about 40 ka BP, and the decreases of K/Rb and K/Ti values responded
to the rapidly cooling events in the northern hemisphere, including the Heinrich events and the Younger Drays. The EASM

over the past 55 ka is not only controlled by the summer insolation in the low-latitude of the northern hemisphere, but also
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affected by the atmospheric dynamics in the equatorial Pacific (such as the Walker circulation in the Pacific).

Key words: South China Sea; East Asian summer monsoon; elements; Xisha Islands; last glacial period; geochemistry.
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Fig.2 The chronological framework of core SS7
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Fig.4 Distribution of trace elements of core SS7
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Table 1 Principal component analysis of elements and oxides of core SS7

LR/ g1 % gy 3 TLR /A g1 g2 sy 3
CaO -0.984 -0.061 -0.097 Ta 0.841 0.097 0.073
SiO, 0.981 -0.057 -0.049 MgO 0.795 -0.556 0.143
Ti0O, 0.977 -0.137 -0.026 Co 0.712 -0.125 0.608

Sr -0.976 -0.048 0.037 Pb 0.588 0.361 0.397
LOI -0.970 0.201 -0.011 Ba -0.577 0.432 0.318
ALO; 0.964 0.110 0.155 P,O5 0.023 -0.888 0.122

Ga 0.963 -0.065 0.192 TOC -0.390 0.849 -0.161

Rb 0.962 -0.061 0.228 Li 0.191 0.829 0.231

Sc 0.942 -0.165 0.221 Na,O -0.020 0.791 0.043

Nb 0.941 0.164 0.058 A 0.224 0.785 0.074

Cs 0.936 -0.230 0.218 Cu 0.025 0.780 0.275
Fe,O; 0.931 -0.210 0.260 MnO 0.278 -0.777 0.231

\% 0.910 -0.001 0.259 U -0.290 0.716 0.083
K.O 0.897 -0.374 0.072 Zn 0.254 -0.125 0.868

Zr 0.891 -0.158 -0.263 N1 0.007 0.414 0.815

Th 0.848 0.222 0.317 Jr2(%) 58.62 19.77 6.94

Cr 0.844 -0.258 0.118 FRHF2(%) 58.62 78.39 85.33
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Fig.6 Comparison of elemental ratios with regional and global climate change
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gram et al. (2004) 5 . W1 )6 55 B9 B 9] A AR /55 A A B K HAH L 4l Fuhrmann ez al. (2003) 5 g. W9 2= KX S ¥ 45 2008 B |, 35 Herzschuh
(2006) 3 h. ¥ - = J5 0 ) T8 G A2, 3% Liv er al. (2005) ;1. BB JEE 8 7H I Towuti ) 1) - 8 1E 44 e 18 ik [ 02 2, 3% Russell ez al. (2014) 5.

PO RO PER T £ 2 KR ¥ 2%, 4 Dyez and Ravelo (2014) ;k. b4k 30°8 2= H B4R 55, 8 Berger and Loutre (1991) ;

LM A

FAA AL LI Dykoski ez al. (2005) \Wang et al. (2001) ;m. A% B 2 B 7KL GISP2 (4 [0 i 3 , #i§ Dansgaard ez al. (1993)

YD) | K K B vk B (last glacial maximum , i #%
LGM) . } Heinrich F : (H1 \H3 \H4 . H5) % 1t
Bk 20 AR ¥ B9 35 14 ( Dansgaard er al., 1993 ) %}
M ([l 6c.6d.6m), 3 B K/Rb #1 K/Tifd o] DA Jx
W X 3 S AR AL B 15 B
WF 58 R B, LGM J& b2 3Kk 1w 26 B 1l X AR ¥ 1
108 O 1 S 7/ N > S S T N Y
AR 120 m (& 6b) (Rohling ez al., 2009).K/Rb #il
K/Tiff 78 K £ 12 ka BP. 30 ka BP. 38 ka BP Al
50 ka BP I 91 B @ B AR, MY 4 YD \H3  H4 |
H5 3% 44> TAE R E WS, R LGM F H 3
PR AE A P BRAR 45 3 A )™ A R 20 19 5% i (Wang and
Sun, 1994; Wang et al., 2001; Zhou et al., 2016;
Lietal., 2019) , 1M H2 5 14 5 A AR 4 b i 5%, wJ
At 5 25~29 ka BP A [A] I B 9 3l S 80K A 6 (&
Ga) HAFEERE,15ka BP LK ,K/Tif1 K/Rb £
P R — R A8 1k K/ TiAE YD B 30147 B 42 /)
WA, T 76 5 42 37 1 (29 10~8 ka BP) M4 K, 51
2 XY fin i — (1 6) s K/Rb £ 15 ka BP LK
B RN EIHER, 5% T8 A —
e, XY D S 5 AN B (& 6b~6¢). HiT A
Xof 7 T Bl S AR 1 BE 5 R Y K/RD I T i, AT RE
50T B ) WOR A A1 & (Hu ez al., 2015) . 78 ifF
15T 2 ol R 1 8 I - 3 vl R VA R SR

WL UL 2 T T K IR A A | R I % A
Y .Lier al. (2019) XF B 3T (1 PC338 4 L Y KL JiE
Sy HT R W, E R4 4 (0~2 pm) M 15 ka BP /iy
790 OB B 4ty 10%. RAE #E LGM B
L1 o 2 S TR T 2 Y (E N B e e R 7 <
¥, H #2915 ka BP, g - 18 35 8 29 90 m B , 4
i AL BB K Rl 22 A B W i, O W) i is TR R
A %t e R AR A (IR 1) R itk 4 3 1 0
K/Ti#1 K/Rb i kb LGM 1 H1 B 8 K, 8 /8 487
TH Sy T i A A% S5 8 (Zhao ez al., 2009).
45 5678 19 & , 7529 40 ka BP I}, K/Rb 1 K/ Ti
(B 247 8 B A 8 1 A AEG (1] 6, 6d) , 15 % TR IX L % 1k
22 WA AE A8 55 R 40 ka BP |5 A ¥ 1 A&
Az Sl B X R s /N, X I S B A B )
BNCEL6D) , B LT 2 HAE A9 A8 Ak 0 5 35 X 28 X
SR 8 1) U5 A G T NI 9E R B, #E 29 40 ka BP, ]
A 3 FH I A AT 2 TR AR R RN R AR /R A
i B % F% X (Fuhrmann ez al., 2003; Mingram et
al., 2004) (& 6e.6f) , # + 5 I (1 % 4k A 57°C 5
# OB B B % (An and Porter, 1997;
2005) , ¥ 45 7~ A p9 W1 & 42+ (& 6h. 61). Her-
zschuh (2006 ) 38 13 H2 B I 2 KU X B ol A e %
I A8 37 () 7 348 RO B R R AE 24 40 ka BP B
(1438 B2 A (TR 6.) . i 2 3k i 3 R 30 1) B J V8 I

Liu et al.,
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Towuti 1§ 14 UL ALY A 88 o 2 Bk 1) 47 2290 8 B b
7N, FE 2 40 ka BP B X 80 4 B & A2 1 (181 61) (Rus-
sell ez al., 2014) , 3% 26 55 J 3% WA [ X d8l 2 [6] 14 <
EFEAE R AE IR 3R AR, VLT W 1 A 5 ST o
F IR A I W i 5% (B 61 (Wang ez al., 2001),
& WS [R) DX 3580 f) 7 0 2 XU J3E A A 25 5

H AT, ¢ T AR = KA AR 46 B i 3K s AL,
B R B VK IR R S A R TE R
TEWETE R EN 27 55 LA UL s AR g W A0 Dy, b
KV B 28 ) B %% 26 9 (Atlantic meridional overturn-
ing circulation, f& F8 AMOC) ¥ 9 55 5% /5% 1k, 512 T
U AR A (S A Cln H L YD 30 ) i b 2 Bk
2 TH IR BE Y R B O 5K 3 A1 4R A i (intertropical
convergence zone, fa % ITCZ) [ /% 3l , I F 8 A&
WK 2 KA B R 55 (Wang et al., 2001). 40
ITCZ ()8 8 X AR 26 F H XS A 7= 25 8K 5 i, R
27 2 BROV i AE MIS2 B B B G AR 3 SR, K &
) b 5T 30 S N, B 2 BRTE MIS2 9 oK B G AR W
B, BN EE JE VY WP Towuti 8 76 MIS2 # /] & H =K
PRI, 2 2 B0 5 A Bk ] 2B AR AR
(18 61) (Russell ez al., 2014). %5 4b , E1JE Z= XA 2R
2 XU IXXF H= 2 1 0 1 R B OF R — 30, i W]
ITCZ Wy m AL 3l IF A J& A W 2 KUK T 48 RUBE 1Y
SAEF A E KB (Zhou e al., 2016). K IL ,
At 21 Bk e 45 B UK 55 3K 30 i i i ITCZ 4% 8l , A
SR A AR 2 AR Ak 1 3 A

A TR W T IR I A S AR TR 6 R e
SR 7R KU BE 5 R 4 B R OB G A A
PRI 2 728 A By # # (Wang ez al., 2001) ,(H & {178
55~35 ka BP #ja] , @ SR AN [R) 25 3 A4~ 0[] 1 5  1)
A1 SR R B TR IR L S AR A e Rl
AR R IF A — B, X AT RE 32 B 7 — S X B R
W T 14 5% Wil (Zhang ez al., 2018) (&l 6c~6f.61). 52
7 S A = RS W = 2 (S B G S A Ll 72
by XA A AR AR RS e, I S BOR YR vk ) 2 450 i
L (611 S ES I A [y e W o TRl R <l o P T N ¢
(Zhang et al., 2018). % 35 ka BP LA 3k , A BF 5% b H:
AR 2 KUK B Sl s, SR ERIR A E R H
HE 48 S5F 4 FEAS X B 3 fH7E 55~35 ka BP, & % Kl 5
HHE 5 I it 9 28 A A AR R 2200, B 24 40 ka BP 5 WIE
o ALY 58 SRS, 6 R H R S 0 36 5 (1B 6o~
6f.6g~61). X Pi B, b2 BRAK 45 3 b X B Z= 1 I 4w
S IR S ML S A R B AR A A AR S PR

RN R 58 4 i B R I 2 XU i A%

b b BR T ITCZ At shis2ma s , ok il K7
TR s AR A (R, 2R — P8 7 1) (RS sl
AR AR ) X i AR A T R I R ) L B R
A S B TR B S —— IR R 2 TR
HERT-PEZR V8 R 25 S T el i A R, 2 5 |k
JE /R JE 5 A a7 ¥ 8 (EL Nio/Southern Oscillation,
A AR ENSO) [ EZ 5 K . Yan ez al. (2011) 1 1 B 5%
POV RE S WA ORI I U0 SR T8 bR I, FAy
X2 ka BP DL B R 32 247 21 K7V IR 5 P10 19 52
M . Yu ez al. (2016)38 i 0 57 V9 IE AL =G AU RS 04
BRI, 2.36 Ma LI B RBFE 5 i RE TR 5 2 38 K
SEVEAR U IR B 22 A R D AR A R A IR IA R
O OFFE 1928 ENSO S A8 254 7T 31K 30 4R W1 b X
B Wi . Zhou ez al. (2016)I\h 52 ENSO S 414
A BIZEPLR T (La Nifa) F 04 HY B, 2 18 AR I 2=
X H T B3R 3 1 2 915 A . La Nina f1 ENSO F£ %
ZAR TG ROFTEAR LT R R 2 KR 2 Ll
BB 25K, La Nifa i 245 5 8L, X 2 ENSO
by F B 61). B i b3 i 2 KU 0 % 5 A
AR VU B 2 2 I K R R 22 3 AR — B0 (& 61)
(Dyez and Ravelo, 2014). 5l 41, £ £ 40 ka BP iy &
2 AU, 6 L HACHE TV AR L0 A K 3R 2
Tk 2 ) HE i (I 61) . 3K ¢ B, G R 19 R I 2 AL IX 22
U2 La Nina S 55 45 . 51 5 B0 B J2 74 0[] Jg@ K
PP PG EB L P I A A A R AT — Bk (1B 61) . X
LR ERNX G SESE —ERE L, W
ZH) IR R B IRy s

4 g

(1) 7 ¥ PG V0 BF 5 i R 3k &5 b AL 3 DT B 1 oe
F BB IEREE G A A R A AL
2 UURAE 45 R #0845 ot 2 LA K/
Rb Al K/ Ti fi T 5 B X b 3 1k 24 XA 2 B, iF
7 52 R IX i 25 55 ka 4 45 T 5 2 XU 4 38 AL

(2)SS7 4.0 5 8 M2 5 W6 A B W) 0 sk 3
WK, RO 78 KUAE 24 40 ka BP W8 59, 35X 5 #i %
AR E I A —E. H 4, SST I K/Rb ALK/
T B XS 42 3K 1 14 ¥ 58 (1 Heinrich 420 F58 Il &
A ) A B S 1 0

(3) 3 25 55 ka B 4= W B 2 XL, AN 37 E] b 22 BR
L6 B 2 2 1R S ) s 1 348 32 3] R ROF-
KA BN I3 CHNR -7 IR S BRI ) 1 510
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