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Visible Reflectance Record of South China Sea Sediments during the Past 220 ka and
Its Implications for East Asian Monsoon Variation
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Abstract: The East Asian monsoon (EAM) is an integral part of the global climatic system. Comparison between marine and
terrestrial records can improve our knowledge of the monsoon system and how it responds to changing global conditions. In
this paper, reflectance spectroscopy analysis is used to characterize the sediments in core 17954, taken from the South China
Sea and representing the past 220 ka. The results show that sediment brightness (factor 1) seems to reflect carbonate con-
tents and its changes are similar to the benthic oxygen isotope. Sediment redness (factor 2), which is related to iron oxide
content, seems to monitor paleoclimatic changes in the core. Iron oxide appears to be eroded from catchments and is trans-
ported by fluvial means into the SCS. Thus, redness increases (factor 2 decreases) at times of increased precipitation, that
is, as monsoon strength increases. Our results indicate that the Monsoon Termination I occurred at ca. 129 ka based on or-
bital chronology. Two abnormally strong summer events occurred at the intervals just before the last two terminations,
which are confirmed by other records around the world. A time series anlaysis of the factor 2 record indicates a half-preces-
sion frequency, which may correlate with the abnormally strong summer monsoon events, suggesting that the tropical ocean
had a major effect on the East Asian summer monsoon.
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Fig.1 Location of core 17954 from South China Sea
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Fig. 2 Redness (factor 2), brightness (factor 1), as well as carbonate contents and benthic 8** O record of core 17954
from South China during the last 220 ka. Oxygen isotopic stages are also labeled at right (Jian ez al. , 2001)
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Fig. 3 Comparisons of the factor 2 record (upper) and benthic §'*O record (bottom, Jian et al. , 2001) of core 17954 with

the stalagmite §"®O record (middle) from Dongge Cave (Yuan et al. , 2004). Insolation at 20°N averaged over the

months of June, July, and August is shown for comparison (dashed line). Vertical lines show half-height of factor

2 and benthic 8" O respectively during terminations I
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Fig. 4 Spectral patterns of the factor 2 record from core
17954 during the past 220 ka. Numbers on the
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graph are spectral peaks in ka above the 90% confi-

dence level (dashed line)

ZJEARAF 14 ka, 10 ka F1 9 ka F2E 5 £ FEHHE 4. H
FRBAGEFIR BT E X, 15 B PAHE 1 XS BT
10 ka 7245 9242 % 25 I 38 (Short, 1991), H i, % 2.
35 2 A R SRR R AE A . 17954 LR AL
W F2 thRBEN S 2R S ZRAY, BR T HFES
1BRT AR R 2 KB B .



548

HERALE— P E R R R

$30%

3 e

TR AL R A A K P B 95 MK 17954 L
220 ka3 B UTRRE BT RN 190~2 500 nm 8K 51
ST PRI B E B R T (FL Al F2) 3%
R B S0, S5 R« SR F1 AR
BT UUR R UL A B L SRR R R
R4 , THE R R4 IR, R ST F2 T
B R T LR R Sk B A B HUER T R AL
2 RAGIREE , 7T AR R AT

17954 LUTRMIB R 5163 F2 g #%£0, &
TEEREEZH T R MEBEEL. NS
SRR AR T B % R B (A 9 7E 129 ka,
WS FIRMA LA B ES 5 ka, i F2
EiEFE BT RLEBRAERE 2 KW HIRTH
FRRE 2 BB 6 BB & — R RN
B AT RS, REEERKZ P EH 100 ka
R0 R .20 ka BIHER 10 ka 24 H9E 5 £
851, 2 R 26 0 X % 2R T 2 R S S .

References

An,Z. S. ,Kukla, G. J. , Porter, S. C. , et al. , 1991. Magnetic
susceptibility evidence of monsoon variation on the loess
plateau of central China during the last 130 000 years.
Quaternary Research ,36:29—36.

Chen,L. X. , Zhu, Q. G. , Luo, H. B, , et al. , 1991. The east
Asian monsoon. China Meteorology Press, Beijing (in
Chinese).

Deaton, B. C. , Balsam, W. L. , 1991. Visible spectroscopy—a
rapid method for determining hematite and goethite
concentration in geological materials. Journal of Sedi-
mentary Petrology,61:628—632.

Ding,Z. L. ,Liu, T. S. ,Rrtter,N. W. , et al. ,1995. Ice-volume
forcing of East Asian winter monsoon variations in the past
800 000 years. Quaternary Research ,44:149—158.

Huang,B. Q. , Jian, Z. M. , Cheng, X. R. , et al. , 2001. Late
Quaternary upper-water column structure in upwelling
areas of the South China Sea. Chinese Science Bulletin,
46.1741—1745.

Huang,B. Q. ,Jian,Z. M. ,Cheng,X. R. ,et al. ,2003. Foram-
iniferal responses to upwelling variations in the South
China Sea over the last 220 000 years. Marine Micropa-
leontology ,47:1—15,

Huang,W. , Liu, Z. F. , Chen, X. L. , et al. , 2003. Searching

physical indicators of carbonate contents of deep sea

sediments. Earth Science—Journal of China Universi-
ty of Geosciences, 28(2):157 — 162 (in Chinese with
English abstract).

Ji,J. F. ,Balsam, W. L. , Chen, J. , 2001. Mineralogic and cli-
matic interpretations of the Luochuan loess section
(China) based on diffuse reflectance spectrophotome-
try. Quaternary Research ,56:23—30.

Ji,]. F., Balsam, W. L. , Chen, J. , et al , 2002. Rapid and
precise measurement of hematite and goethite concen-
trations in the Chinese loess sequences by diffuse reflec-
tance spectroscopy. Clays and Clay Minerals,250:10—
218.

Ji,]. F. , Shen, J. , Balsam, W, L. , et al. , 2005. Asian Mon-
soon oscillations in the northeastern Qinghai-Tibet plat-
eau since the late glacial as interpreted from visible re-
flectance of Qinghai Lake sediments. Earth and Plane-
tary Science Letters,233:61—70.

Jian,Z. M. , Huang, B. Q. , Lin, H. , et al. , 2001. Late Qua-
ternary upwelling intensity and East Asian monsoon
forcing in the South China Sea. Quaternary Research ,
55:363—370.

Lea,D. W. ,Pak,D. K. ,Spero, H. J. ,2000. Climate impact of
late quaternary equatorial Pacific sea surface tempera-
ture variations. Science,289:1719—1724.

McManus,J. F. , Oppo, D. W. , Cullen, J. L. , 1999. 0. § mil-
lion years of millennial-scale climate variability in the
North Atlantic. Science,283:971—975.

Pahnke, K. , Zahn, R., Elderfield, H. , 2003. 340 000-year
centennial-scale marine record of southern hemisphere
climatic oscillation. Science,SOl :948—952.

Short, D, A. , Mengel, J. G. , Crowley, T. J. , et al. , 1991.
North GR. Filtering of Milankovitch cycles by earth’s
geography. Quaternary Research ,35:157—173.

Wang,P. X. ,1995. The history of South China Sea during
the past 150 ka. Tongji University Press, Shanghai, 96—
107 (in Chinese).

Wang,P. X. , Jian, Z. M. , Zhao, Q. H. , et al. , 2003c. Evolu-
tion of the South China Sea and monsoon history re-
vealed in deep-sea records. Chinese Science Bulletin ,48:
2549—2561,

Wang,P. X. , Tian,]. ;Cheng,X. R. , et al. ,2003b. Exploring
cyclic changes of the ocean carbon reservoir. Chinese
Science Bulletin ,48.2536—2548.

Wang,P. X. , Zhao, Q. H. , Jian, Z. M. , et al. ,2003c. Thirty
million year deep-sea records in the South China Sea.
Chinese Science Bulletin ,48:2524—2535.

Yuan,D. X. , Cheng, H. , Edwards, R. L. , et al. , 2004, Tim-



HE5H XIS PSR R SDEHE RBE 220 ka DIRARTEH FERNAEL 549

ing,duration, and transitions of the last interglacial Asi- 157—162.
an monsoon. Science,304;575—578. TE& 56,1995, + HTERMEE, ¥ FIEF K ¥ H R, 96
—107.

e T30 RS, WAER, R R, %, 20032, B RES SR RN
BRRERD , REAR, B AW, %, 1001 REBR, LR SRR WIGICR. PR, 48, 22282259,

3, 28—101. R, BE, REE, %, 2003b, HRAEBEENHEA
HEH, WS, 2001 BIEME L EARE FRKELH Wi BHpiE R 48 2216—2227.

HAR AL, BL25E IR , 46, 948—052, ERE, XEN, HAE,%,2003c. BE=THENEEIC

B, X BREE R , %, 2003. FRUEHMEVIRS &Y . PHEE ] 48: 22062215,
YRR, M BRPL o [ R A2 2R, 28(2).

¥R X K R KK R K X X K K KK K K KK K K KK KK K K K KKK K K KK KKK KX X X X XX

(#8542 D)

Xu,J . ,Wang,P. X. ,Huang,B. Q. ,et al. ,2005. Response of 1—9.
planktonic foraminifera to glacial cycles: Mid-Pleisto- X7 & ,Colin, C. , Trentesaux, A. ,%,2004. B I5 2B F
cene change in the southern South China Sea. Mar. Mi- WAKTZRELAK LD YICE PEREDE,
cropaleontol. ,54:89—105. 34. 272—279.

Zhao,Q. H. , Wang, P. X. ,1999. Progress in Quaternary pa- &8 ,¥8%#, A Z,2000. BT &8 NS63—5 B RHK
leoceanography of the South China Sea: A review. - R LR T MG ARME. PN, 19 36— 44,
Quat. Sciences, 6: 481 — 501 (in Chinese with English {E&5%,2005. $76f X WM A 5@ kA A . tERFH 2
abstract), — P EMBR AR, 30(1): 1-18.

S5, B, XIS, 1996. 55 W% KBS vk 3H A< 18 1) &5

Bt sh L B STk FMAHZ,3: 193—20L

BRAE R HBTE, %5, 2000, BMSRIHRIE 20 FAEUURARES)  REETESIE, M, 5, 2004 AR ESH AR 5 E AT
H5ESBALEE. BIEER,45: 542548, HE A, WIRPE— P EHRERFEFER, 20D 7—

R WEE,. AR, %2001 EERSENLE LFRXE 14,
7k bRk B, R AR, 46, 948—952. AR, VE 55,1999, BB SR N G WA AR I

B, BRI BRRA, %, 2001 U KRS LR HAE #2556 481—501.
FLEBA R I W P B S B R 18,



