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Sediment records and their paleoceanographic implications in the upwelling area of the southwestern South
China Sea during the last 140,000 years
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Abstract: Main sediment components in the modern upwelling area of the southwestern South China Sea during the last 140,
000 years were analyzed for a gravity core retrieved by the SONNE 187 cruise in 2006, aiming to reveal the marine environ-
mental changes in the southwestern South China Sea since the last interglacial. During the last 140,000 years, the mass per-
cent of carbonate was generally high in interglacial but low in glacial periods, as the typical “Atlantic type of carbonate”,
suggesting strong influences of the terrestrial input in the southwestern South China Sea. Relatively high accumulation rate of
organic carbon, biogenic opal and lithogenic components was found in MIS 2 and MIS 4, related to the enhanced primary
productivity provoked by the increase in terrestrial input nutrients, as a result of strengthened winter monsoon and the de-
cline of sea level during the ice age; It might also be related to the enhanced ballast effect of the lithogenic matters of sinking
particles during the ice age. At the peak of the last interglacial period (MIS 5¢) , strengthened upwelling off Vietnam coast
induced by stronger summer monsoon was responsible for the increase in primary productivity and accumulation of both bio-
genic and lithogenic sediments.
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Fig. 1 Location of the sediment core BIS-187-61 in

the southwestern South China Sea
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Fig.2 Age model of core BIS-187-61 in the southwestern South China Sea
a:oxygen isotope (8 O) of Globigerinoides ruber in core BIS-187-61;b: SPECMAP;c: Control Point of the core BIS-187-61;
d:Carbonate% of core MD972151 ;e:Carbonate% of core BIS-87-61
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Fig.3 Sedimentation rate(a) ,dry bulk density(b) and mass accumulation rate(c) in core

BIS-187-61 in the southwest South China Sea
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Fig.4 Organic carbon% (a).opal% (b),lithogenics% (c¢),carbonate’ (d) ,Con/N (e),Ca area (f) in core BIS-187-61
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Fig.5 The mass accumulation rate of carbonate (a), C,,(b), opal (¢), and lithogenic matters (d) in core BIS-187-61
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Fig.6 Primary productivity and new productivity in the

southwestern South China Sea since last interglacial period
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change since last interglacial period (c)



54539 % 4 2

AR i L 45 - 140kaBP LUK R ¥ VY R AR L I OS2 e X LA T SR S HL T R B R AR A

131

1E2y 120kaBP, Bl MIS 5e #, Al L& 3 T A (1)
DURR W 43 HE BRGS0 W) B 18 . X 5] MIIS 2
F1MIS 4 H, MIS 5e B UTF Bk 2 £k (7 A8 XF 7% 12 4b T
> 5 3 R T B R A T D R R 4
B+ 3 150 W 1hb B 52 A AR X A 6K A R 40 JoR A 4
F5 T MIS Se WATTE ) HE B 1 38 . MIS 5Se
1 R AR W TR oK B 0 B vz IR A B 5T, LT G
(49 55 FAR 1] pK 3 R 4 3t ABORT L, I 5 Bl T 4 i F
I 4= 2K AR 2 7T fig 5 B0 RSk 2 sk R ARk, A
7 ¢ CHEESF- 18 728 46D I 7% » MIS Se 3] 1 965 165 SF- 1 F1 B4
TS TR 22 R K00 R L4 00 2% s 30 e 96 M 5 R
S5 BAAA AT, ., MIS 5e #1 BIS-187-61 fL#&¢
15 1A BILAR | 2B 0 ek R TR G A5 A VR ) U HE AR R
A BE S TR U ] oK 0 B 2 XU i S B0 R LR
B, Ry IF 9 i T R B 22 SR L AR PR A )
Ko BRI AR TR BN . 3% s R A o HE AR
T 1 R L 14 I W) R R 55 VR AR 4 5 G DR A I ) A
HAE AT G 5T N R U A ) 2 W Y B
S i W5 AORE 4 G R — 26 20 UKL Y il U5 ) BT Y
Ji 25 B A DR T i VR A A SR 40 1) RV DT R ok AR
Hh ke B G HEVE

(1) B R 715 /2 1 1 V4 g B AT A BIS-187-61 FL &
BB TR LT W), R & R ARl 3.98% ~
28. 43 %0, BRI VKR L 18] vk 3 i 09 R AIE R B
Shy WY ) R PG R sk R R E 1, 3% W R A R IR
TR UT R PP ik 1 5 10 AR 8 B A7 4% T ) i VR ) I A
YN R NE SR

(2) T I VG R A 5 X UURR A A HILRR AN A= 9 o
FI A HERLGEOR A MIS 2 1R MIS4 B3R MIS Se
P EE . VTRUA ML B A s 2 LR B LA HLE
TG T VE A A A LR IF 48 0 A B A &
140kaBP A2 X 30T A= 7 ) Fw) 9 A 7= 3 K P72
A 4> 9k 21.3~77.5 Fl 92,40~ 176. 03g -
m?Zeal;

(3) PRI/ CMIS 2 F1 MIS 4 1) B 6 74 5 o v
B2 T 20k [ AR R i R SR At Bt 2 A G U5 4y o
TURR K Bl ) R i A AT e A BT 9T IX A o o
B SR T DT 2 A Ty s, 5y Akl
ek v AR PR BURE ) 1Y) DT R T 3 R OR A R AT
SR VR T ARHCR A B 0 11 MIS Se 4 DU
2 M B A 10 R (B T 5 R R ) K 4 2 R R
TR R A G,

(1]

2]

(3]

(4]

[5]

[6]

(7]

[8]

(9]

[10]

[11]

[12]

[13]

[14]

22 3Lk ( References)

Wang P, Li Q, Li C F. Geology of the China Seas[ M]. Elsevi-
er, 2014,

Cheng X, Huang B, Jian Z, et al. Foraminiferal isotopic evi-
dence for monsoonal activity in the South China Sea: a pres-
ent-LGM comparison [ ] ]. Marine Micropaleontology, 2005,
54(1): 125-139.

Zhao M, Huang C Y, Wang C C,et al. A millennial-scale UK’
37 sea-surface temperature record from the South China Sea(8°
N) over the last 150 kar: Monsoon and sea-level influence[ J].
Palacogeography,Palaeoclimatology, Palacoecology, 2006, 236 :
39-55.

Hellerman S, Rosenstein M. Normal monthly wind stress over
the world ocean with error estimates[ J]. Journal of Physical
Oceanography, 1983, 13(7): 1093-1104.

WIESNER M G. Fluxes of pariculate matter in the South Chi-
na Seal ] . Particle Flux in the Ocean, Scope 57, 1996: 293-
312.

Jian Z, Cheng X, Zhao Q. et al. Oxygen isotope stratigraphy
and events in the northern South China Sea during the last 6
million years[ J]. Science in China Series D: Earth Sciences,
2001, 44(10): 952-960.

Tamburini F, Adatte T, Follmi K, et al. Investigating the his-
tory of East Asian monsoon and climate during the last glacial-
interglacial period (0-140 000 years): mineralogy and geo-
chemistry of ODP Sites 1143 and 1144, South China Sea[]].
Marine Geology. 2003, 201(1): 147-168.

Hanebuth T, Stattegger K, Grootes P M. Rapid flooding of
the Sunda Shelf: a late-glacial sea-level record[ J]. Science,
2000, 288(5468): 1033-1035.

Raguencau O, Tréguer P, Leynaert A, et al. A review of the
Si cycle in the modern ocean: recent progress and missing gaps
in the application of biogenic opal as a paleoproductivity proxy

[J]. Global and Planetary Change, 2000, 26(4): 317-365.

pua New Guinea and past productivity in the eastern equatori-
al Pacific Ocean[]]. Nature, 1999, 398(6728): 601.

Archer D, Lyle M, Rodgers K, et al. What controls opal
preservation in tropical deep-sea sediments? [J]. Paleocean-
ography, 1993, 8(1). 7-21.

DeMaster D J. The supply and accumulation of silica in the
marine environment[ ] ]. Geochimica et Cosmochimica acta,
1981, 45(10) . 1715-1732.

Mortlock R A, Froelich P N. A simple method for the rapid
determination of biogenic opal in pelagic marine sediments
[J]. Deep Sea Research Part A. Oceanographic Research Pa-
pers, 1989, 36(9) . 1415-1426.

Hurd D C, Theyer F. Changes in the physical and chemical
properties of biogenic silica from the central equatorial Pacif-
ic; Part I, Refractive index, density, and water content of

acid-cleaned samples[J]. American Journal of Science, 1977,



132

TR T 3 545 4 I 4

2019 4E 4 H

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

277(9): 1168-1202.

Mortlock R A, Froelich P N. A simple method for the rapid
determination of biogenic opal in pelagic marine sediments
[J]. Deep Sea Research Part A. Oceanographic Research Pa-
pers, 1989, 36(9): 1415-1426.

Imbrie J, Hays J D, Martinson D G, et al. The orbital theory
of Pleistocene climate: support from a revised chronology of
the marine d'8O record[ CJ.Milankovitch & Climate: Under-
standing the Response to Astronomical Forcing. Milankovitch
and Climate: Understanding the Response to Astronomical
Forcing,1984.

Wetzel A, Tjallingii R, Wiesner M G. Bioturbational struc-
tures record environmental changes in the upwelling area off
Vietnam (South China Sea) for the last 150,000 years[J].
Palacogeography, Palaeoclimatology, Palaeoecology, 2011,
311(3-4): 256-267.

Wang P, Wang L., Bian Y, et al. Late Quaternary paleocean-
ography of the South China Sea: surface circulation and car-
bonate cycles[J]. Marine Geology, 1995, 127(1-4) ; 145-165.
Wang L, Sarnthein M, Erlenkeuser H, et al. East Asian
monsoon climate during the Late Pleistocene: high-resolution
sediment records from the South China Seal J]. Marine Geol-
ogy. 1999, 156(1): 245-284.

Wang Y., Cheng H, Edwards R L, et al. Millennial- and or-
bital-scale changes in the East Asian monsoon over the past
224,000 years[J]. Nature, 2008, 451(7182): 1090-1093.
Tk, 2 M ODP1143 3558 M40 & /- Bk R MR A A il
Fe A I B L) B2 . 2003, 48 (1) ¢ 74-77.
[WANG Rujian, LI Jian. Quaternary high resolution opal re-
cord and its paleoproductivity implication at ODP site 1143,
southern South China Sea[ ]J]. Chinese Science Bulletin, 2003,
48(1) : 74-77.]

XA T W4 AE B AT 2. v T v R 58 0 22 3R R K Tt A
78 Ak 4 45 B A A TE A ] 1 3 BT 5 4 DY 42 M ST, 2001,
21(4):61-66. [ LIU Chuanlian, ZHU Youhua, CHENG Xin-
rong. Calcareous nanno- fossil evidence for variations in Qua-
ternary surface water paleopro- ductivity in the southern
South China Sea[ J]. Marine Geology &. Quaternary Geology
2001,21(4): 61-66. ]

Zhao M, Huang C Y, Wang C C, et al. A millennial-scale U
37 K' sea-surface temperature record from the South China
Sea (8 N) over the last 150 kar: Monsoon and sea-level influ-
ence[ J]. Palacogeography, Palacoclimatology, Palacoecolo-
gy, 2006, 236(1); 39-55.

Wang P X, Min Q B, Bian Y H, et al. Planktonic foraminif-
era in the continental slope of the northern South China Sea
during the last 130,000 years and their paleo-oceanographic
implications [J]. Acta Geologica Sinica, 1986, 60(3); 215-
225.

Liu Z, Zhao Y, Colin C, et al. Source-to-sink transport
processes of fluvial sediments in the South China Seal[ ] ].
Earth-Science Reviews, 2016, 153: 238-273.

Stevenson F J, Cheng C N. Organic geochemistry of the Ar-

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

gentine Basin sediments: carbon-nitrogen relationships and
Quaternary correlations[]J]. Geochimica et Cosmochimica Ac-
ta, 1972, 36(6): 653-671.

Emerson S, Hedges J I. Processes controlling the organic car-
bon content of open ocean sediments[ J]. Paleoceanography.
1988, 3(5): 621-634.

Thunell R C, Qingmin M, Calvert S E, et al. Glacial-Hol-
ocene biogenic sedimentation patterns in the South China
Sea: Productivity variations and surface water pCO,[J]. Pa-
leoceanography, 1992, 7(2). 143-162.

Sarnthein M, Winn K, Duplessy J C, et al. Global variations
of surface ocean productivity in low and mid latitudes: influ-
ence on CO; reservoirs of the deep ocean and atmosphere dur-
ing the last 21,000 years[ ] ]. Paleoceanography, 1988, 3(3);
361-399.

Eppley R W, Peterson B J. Particulate organic matter flux
and planktonic new production in the deep ocean[ J]. Nature,
1979, 282(5740) . 677.

BRI BRI R R g 1 AR AL A 0O 22 AR AR Ak
(I 7 b 55 55 58 IO 28 M 5 . 2000, 20 (2) ;: 65-68. [ HUANG
Baoqi,JIAN Zhimin, LIN Huiling. Late Quaternary chan- ges
of paleoproductivity in the northeastern South China Sea[ J].
Marine Geology &. Quaternary Geology, 2000, 20 (2): 65-
68.]

A, E B WM AT AR TR 4 T4 LUk AT LR R R
b AR Al Koty UV 2 0 S [ U R M BT S AR DY 42 3t T
2008,28(6):79-85.[ LI li, WANG Hui, LUO Buciren, et al.
The characterizations and paleoceanographic significances of
organic and inorganic carbon in northern South China Sea
during past 40ka[ J]. Marine Geology & Quaternary Geolo-
gy~ 2008,28(6):79-85.]

T3 X% SC, Rk g AN E 2 LT X 22 TT AR SR AR
.25 U DU FR 55 3t R Ak A% 10 3% [ ]38 34 3t 53 5 56 DY 42 3t e
2005, 25 (2): 68-72. [ QING Ziqi, LIU Lianwen, ZHENG
Hongbo. Sedimentological and geochemical records of East A-
sian Monsoon in summer upwelling region off the coast of Vi-
etnam for the past 220ka[J]. Marine Geology & Quaternary
Geology,2005,25(2): 68-72.]

R T I R R S AR U 22 T TR S R W B 2R KU AT
(1.4 pU 42 BF 58, 1999, 19 (6) ; 518-526. [ HUANG Baodi,
JIAN Zhimin. Late Quaternary coastal upwelling and varia-
tions of the East Asian summer Monsoon off the Vietnam
coast[]]. Quaternary Research,1999,19(6) : 518-526.]

A A A A, SR R A B R IX 48 T 4 Ok 43
PRI A PR I R R B L) L R 55 Y
ZEHB R . 2006, 26 (6) : 81-89.[ XIANG Fei, WANG Rujian, LI
Jianru, et al. High-resolution records of biogenic components
and their Paleoceanographic implications in the upper up-
welling area of the South China Sea off eastern Viet- nam o-
ver past 480 ka[ ]J]. Marine Geology &. Quaternary Geology,
2006,26(6) :81-89.]

IREH XUAZ I 25 g N B R Ah R IX 45 JT 4Rk 1R K
7L Al £ A7 IR 4 L) ] 9 5 5 58 DY 42 BT, 2007, 27 71



54539 % 4 2

ARk 1 .25 . 140kaBP LK B ¥ VE B 36 L F+

TS R DX LA 57 S M T R BRI AR Ak

133

[37]

[38]

[39]

76.[SU Xiang, LIU Chuanlian, LI Jianru. Coccolith evidence
for variations in upper ocean water in upwelling area off the
coast of Viet- nam for the past 450 ka[ J]. Marine Geology &-
Quaternary Geology,2007,27; 71-76.]]

MG, 7K G A 4 HE ke, R E R B 120 ka LUK JC b ER AL
LRI AR 2= KRS LT .07 9 o s Bk AR 23 4, 2010,
29(2):134-141.[ MEI Xi.ZHANG Xunhua, ZHENG Hong-
bo,et al. Element Geo- chemical record in southern South
China Sea sediments during the past 120 ka and its implica-
tions for East Asian summer Mon- soon variation[ ] ]. Bulletin
of Mineralogy, Petrology and Geo-Chemistry, 2010, 29 (2):
134-141.]

Pennington J T, Chavez F P. Seasonal fluctuations of temper-
ature, salinity, nitrate, chlorophyll and primary production
at station H3/M1 over 1989-1996 in Monterey Bay, Califor-
nial J]. Deep Sea Research Part II; Topical Studies in Ocea-
nography, 2000, 47(5-6) . 947-973.

Ning X R, Chai F, Xue H, et al. Physical-biological oceano-

graphic coupling influencing phytoplankton and primary pro-

[40]

[41]

[42]

[43]

[44]

[45]

duction in the South China Sea[ J]. Journal of Geophysical
Research: Oceans, 2004, 109(C10).

Chen C, Wang G. Interannual variability of the eastward cur-
rent in the western South China Sea associated with the sum-
mer Asian monsoon[]]. Journal of Geophysical Research: O-
ceans, 2014, 119(9) . 5745-5754.

Honjo S. Seasonality and interaction of biogenic and lithogenic
particulate flux at the Panama Basin[J]. Science, 1982, 218
(4575) : 883-884.

Jickells T D, Dorling S, Deuser W G, et al. Air-borne dust
fluxes to a deep water sediment trap in the Sargasso Seal]].
Global Biogeochemical Cycles, 1998, 12(2) . 311-320.

Honjo S, Manganini S J, Cole J J. Sedimentation of biogenic
matter in the deep ocean[]J]. Deep Sea Research Part A. Oce-
anographic Research Papers, 1982, 29(5): 609-625.

Spratt R M, Lisiecki L E. A Late Pleistocene sea level stack
[J]. Climate of the Past, 2016, 12(4): 1079.

Lambeck K, Chappell J. Sea level change through the last
glacial cycle[ J]. Science, 2001, 292(5517): 679-686.



