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South China Sea : Changes since the last glaciation ™
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Abstract Thefirgt attempt is made to eva uate quantitatively the changes of accumulation ratesin the South China
Sea during the lagt glaciation and Holocene, based on the data of 72 sediment cores taken from sx areas deeper than
100 m. As shown from the cdculations, the accumulation rate during the last glaciation is much higher than that dur-
ing the Holocene. The southern and northern continenta dopes are di stinguished from other areas by the highest accu-
mulation rates, with different featuresof sedimentation for different stages: The Qacid- Holocene contrast in accumu-
lation rate of terrigenous materid is more diginct in the southern dope, while the contrast in biogenic sedimentation
rate is more remarkable in the northern dope.
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The margina sea connectsocean and continent. Hence its sedimentation records the environ-
ment information both from the ocean and from the continent. Among the marginal seas of the
West Pecific Ocean , it isin the South China Sea (SCS) where the AMS *C dating wasfirst used
to estimate the sedimentation ratel*). The change of sedimentation ratestherein glacial cycles has
attracted attention of many scientistsl? !, but the conclusions do not agree well with each other
because the previous studies are mostly based on very few or even a sngle core Ste. For example,
Broecker et a. ! found a higher depostiona rate during glacial and attributed it to dry climate
then around the SCS, whereas Schonfeld and Kudrass'®! believed that the glacia increase of ter-
rigenous accumulation ratesisindgnificant and hence the hydrographic conditions at glaciation are
smilar to those of the modern. These conclusons become questionable today. A more complete
data st is needed for better estimating the changesin sedimentation rates snce the last glaciation
and for drawing appropriate paleoenvironmental conclusonfromit. Now , for thefirst timein the
western Pacific, a quantitative analyssof deep-basn sedimentation becomespossble for the SCS,
and the extendve research activitiesin the SCS snce recent years by scientistsfrom various coun-
tries have resulted in numerous sediment cores and vast amounts of chronological and lithologica
data of the cores, exceeding any other margina seain the region.

1 Materialsand methods

A tota of 72 sediment cores taken from the SCSover the years are used in the present study
(fig. 1) . Only the area deeper than 100 m is analyzed because the continent shelf was subjected to
emergence and eroson at the glacial low searlevel stand. Our discusson is restricted to the depos-
tion only during® *0 stages 1 and 2 for the limited length of piston and gravity cores.

* Project supported by the Nationa Naturd Science Foundation of China (Grant No. 49576268) .
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Fig.1. Digtribution of sediment cores and sediment areasin the deep- rates change smoothly between the core
water part of the SCS. 1—6 denote Sx areas deeper than 100 m, black gtes,
dots show core stes.

With its complicated bottom relief ,
the sedimentsin the SCSvary from area to area. According to the sediment types, carbonate con-
tents'®! and the variations in accumulation rate, six depostion areas (fig. 1) are distinguished in
the deep-water part of the SCS, and the accumulation rates were calculated separatdy for each of
the areas. They are the northeast dope area, east of the Pearl River mouth; the Northwest dope
area, west of the Pearl River mouth and north of the Xisha Trough; the Vietnam off shore and
Zhongsha area, east of Vietnam and west of the Centra Basn of the SCS; the southern dope
area, between the Nansha Idands and the Sunda shelf ; the Nansha and the Sabah off shore area,
including the Nansha Idands and area to the east; the Centra Basn of the SCS, deeper than
3 500 m and below the carbonate lysocline.

2 Results

Due to the space limitation, the original data (including locationsof the 72 core stes, water
depths, references, datings and thickness of sedimentsfor each stage) and results of calculations
(sedimentation ratesin cm/ ka, tota accumulation ratesin g/cm?®- ka™ ', and accumulation rates
of individua component for each stage) are omitted, but are available from the authors on re-
guest. Theresultsare shownintable 1 andfig. 2. It should be noticed that there are only 13 stes
provided with opd data, and there are no data from the Centra Basn where the figures are ex-
trgpolated from its surrounding areas and hence may not represent the redity.
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Table1 The average deposit volume per year in the last glaciation (3 %0 stage 2
and Holocene (@ 0 stage 1) in degp-water areasof SCS (in 10%/ a)

Depost volume of Depost volume of

3180 gage Tota depost volume Deposit volume of opa
20 terrigenous carbonates o P
1 92.0 79.4 21.9 4.6
167.4 155.6 22.4 13.3

3 Discussion

When the above results are compared with the discussonson sedimentation ratesin the SCS
in literature , ome interesting conclusons about paeoenvironments during the last glaciation and
Holocene can be drawn.

3.1 Tota accumulation rate and supply of terrigenous clasts

As sen from table 1, the average annua deposit volume during the last glaciation distinctly
exceeds that in the postglacial. The average total annua depost volume is 167 x 10° t/ a duri ng
50 stage 2 and 92 x 10° t/ a during stage 1. As mentioned above, Schonfeld and Kudrass'®!
found that terrigenous accumulation rates during the last glaciation did not increase dgnificantly
compared with the modern ones. Their concluson is based on oxygen iotope data of 13 piston
coresfrom off the Pearl River mouth and off Sabah and is in contradiction to our findings. In
fact, Schonfeld and Kudrass®! calculated the sedimentation rate for the long-time span of
110 800 —18 300 aB. P. labeled as' last glaciation” (includingd 0 stages 2, 3, 4 and 5a—l)
and , thus were unable to find the glacial-postglacia contrast. The increase of the total sedimentar
tion rate during the lagt glaciation is mainly ascribed to the norn-carbonate component. The non-
carbonate sedimentation rate duringd *20 stage 2 is about double that in stage 1 while thereis al-
most no change found in carbonate accumulation rate , degite of the sgnificant increase of opal ac-
cumulation rate in stage 2 (table 1) . However , the proportion of biogenic, especialy opad , in the
totd depodt volume is very small.

Duringd %0 stage 1 (fig. 2(a)) the highest accumulation rate occurred in the northeast Sope
area with the average accumulation rate of 13.30 g/ cm®- ka™ * followed by the southern dope with
the rate of 6.42 g/ cm?- ka . The accumulation rate was lower in other areas, bel ng2—-5g cm?
-ka *(fig. 2(a)) . This pattern may be explained by the distribution of the rivers around the
SCS. Asshownin table 2, the highest slt discharge is provided by three of the rivers emptying
into the SCS: the Mekong River , Red River and Pearl River. All other riversof southern China,
such as the Hanjiang River , Jianjiang River and Moyang River , are by far inferior to those three
riversin termsof slt discharge and drainage area. However , smal riverson uplifting idands may
yield large amounts of sediments to the ocean!”! : The Geopingxi River and Cengwenxi River of
theintensvely risng Tawan Idand discharge as much dlt to the sea as the Pearl River does, d-
though their total drainage area measures only less than one percent of that of the Pearl River
basnt® °! (table 2) . Although the mud and dlt carried by the Pearl River istrangorted westwards
because of the Coriolisforce, the accumulation rate in the northeast dope areais 3 times higher
than in the northwest dope area (fig. 2(a) ,(b)) , thanksto the mud and silt from Taiwan Idand.
Judging from the records of the shallow sedimentary trap (18°28 N, 116°01' E, 3 750 m) et up
at 1 000 m depth, the sediment supply is subject to strong seasond variationsin the northern part



198 SCIENCE IN CHINA (Series D) Vol. 41

13.7
O 7.21
FLia
Tt
fm s
o 6.31
6.34
i 1 .._
4 T
4.2‘5/
17.9 5
9 J,/;:P_(f_ el em®kn
25°
15°
§ }.:-’I('HI_.‘II\.I
25"
15°
5
104° lo® 116" 122° 104° o 16" 122°F

Fig. 2. Distribution of average accumulation ratesin last glaciation (8 O stage 2) and Holocene (3 %0 stage 1) inthe six
deep-water areas of the SCS. (a) , (b) , Totd accumulation ratesin stages 1 and 2; (c) , (d) , carbonate accumulation
ratesin sages 1 and 2; (e) , (f) , opd accumulation ratesin stages 1 and 2.
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of the SCS. From November to February the vertical sedimentary flux reaches its maximum,
which iswell correlated to the winter wind peeds' ™! | suggesting that a vast amount of terrige-
nous materia was brought by currents driven by the strong winter wind, a< increasng sgnifi-
cantly the flux of biogenic sediment in the shallow sedimentary trap (see below). In stage 2,
abundant terrigenous clasts could be brought by winter wind-induced currents through the Bashi
Strait , the only connection between the SCS and Pacific Ocean then.

The accumulation rates of stage 2 are higher than those of stage 1in dl the 9x areas, main-
taining the generd pattern with highsin the northern and southern partsand alow in the central .
Unlike stage 1, stage 2 accumulation ratein the southern dope area (17.94 g/ cm?- ka™ ) is high-
er than that in the northeast dope area (13.65 g/ cm® ka™ %) . Meanwhile, accumulation ratesin
all other areas are lower (4—7 g/ cm® ka™ %) (figure 2(b)) .

The southern dope far exceeds other areas of the SCS by its glacia- Holocene contrast in the
average accumulation rate, and this was caused mainly by the increased input of terrigenous but
not hiogenic sediment which did not change remarkably (fig. 2(c) —(f)) . At the glacid sealeve
low stand, there was a hig river (the Sunda River) emptying into the SCSon the Sunda shelf ,
and the sediments carried by the Mekong River reached the deep-water area directly , deeply cut-
ting into the exposed shelf sediments. All these must have brought alarge quantity of terrigenous
materia to the area. By contrast , the accumulation rate remains nearly the same in the northeast
dope areaover thed '®0 stages 1 and 2.

As shown by the caculations, the tota annua depost volume of terrigenous clast was 160 x
10° t in the deep-water area of the SCS during ice age (table 1) , but the annua st discharge to
the SCSfrom only 8 modern rivers amounts to 500 x 10°t (table 2) . At the glacial , the shelf was
exposed and the rivers directly discharged to degp-water area, hence the deposit volume should be
comparable to that of the river discharge. The low estimation of the glacia depost volume here
might be related to the turbidite activities. The sediment coring for paleoceanographic purposesis
always kept away from the turbidite areas. Therefore, the caculationsin the present study do not
take turbidite depodtion into account , and this might lead to underestimation of the depost vol-
umes.

Table 2 The runoff and slt discharge of some modern rivers emptying into the SCS

River Drainage area (10%km?) River runoff/ km® a' ! St discharge/ 10%t-a” ! Reference
Mekong 0.719 470 160 [9]
Red 0.12 123 130 [9]
Pearl 0.45 349 83 (8]
Geopingxi 0.003 9 39 [9]
Cengwenxi 0.001 2 28 [9]
Hanjiang 0.034 30 7 [9,12]
Jianjiang 0.009 8.5 1.9 [9,12]
Moyang 0. 006 8.4 0.8 [9,12]

3.2 Accumulation rates of biogenic sediments

There are carbonate and dliceous biogenic sedimentsin the SCS. As shown in table 1, the
average annual deposit volume of carbonate sedimentsin stage 2 (22. 4 x 10°t/ &) only dightly ex-
ceeds that in stage 1 (21. 9 x 10° t/a). The carbonate sediments were subjected to severe
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disolution during the glacia cycle in the deep-water area of the SCS**! and, hence, can hardly
provide information on the productivity changes. On the other hand, opa has not been subjected
to any distinct dislution cycle and can record the productivity variations more accurately. The
sediment volume of opa has been changed quite sgnificantly as shown in table 1: The volume of
stage 2 (13.3x10° t/ @) is nearly triple that of stage 1 (4.6 x 10°t/a) , implying a consderable
increase of productivity during the last glaciation.

Among the gx deep-water areasof the SCS, the highest accumulation rates of biogenic sedi-
ment arefound in the outhern and northern dopes. During thed 20 stage 1, the highest carbon-
ate accumulation rate (1.76 g/ cm?- ka !) wasin the northeast dope area, decliningto 0.6 —1.5
g/cm?- ka” tin other areas (fig. 2(c)). The sliceous accumulation rates are the highest in the
northeast dope area (0.47 g/ cm®- ka™ ) and much lower e sewhere (less than 0.3 g/ cm? ka™ %)
(fig.2(e)) . In stage 2, the maximal carbonate accumulation rates are found in the areasof south-
ern dope and northeast dope (1. 41 g/cmz- ka 'and 1.35 g/cmz- ka ') , varying from 0.9 to
1.3 g/cm? ka ' inother areas (fig. 2(d)) . Asto sliceous sediments, the highest values are in
the area of northeast dope (2.69 g/ cm?- ka ) in stage 2, much lower in any other areas (0.2 —
0.9 g/cm? ka ') orin stage 1. When the biogenic accumulation rates are compared between the
last glaciation and the Holocene, the most striking changesof opal accumulation ratesoccurred in
the northern part of the SCS (incuding the northeast and northwest dopes) , displaying a 4 —6
times contrast (fig.2(e) , (f)). This might have been related to the influx of terrigenous materi-
a : The maximal biogenic sediment flux has been recorded by the shallow-water sediment trgp in
winter , corresponding to the high speedsof winter wind. This meansthat more terrigenous mate-
rial can be carried by currents driven by the strong winter wind, and biogenic sediment flux in-
creased thanks to the enhanced supply of nutrients'’®*1. It isinferred, therefore, that the area
with higher influx of terrigenous materia has a a higher accumulation rate of biogenic sedi-
ment. The glacial enhanced winter monsoon was regpongble for the dgnificant glacid-postglacia
changesin the opad accumulation ratesin the northern part of the SCS.

4 Conclusions

1) The accumulation rate was higher during the last glaciation than during Holocene in deep-
water parts (> 100 m) of the SCS, and thisis ascribed to the nearly doubling of the accumulation
rate of terrigenous materia there. The concluson by Schonfeld and Kudrassi*! about ing gnificant
changes in accumulation rates during the last glaciation is not supported by calculations.

2) Among the sx deep-water areasof the SCS, the glacia- Holocene contrast in the accumur
lation rate of terrigenous materia is most digtinct in the southern dope area, implying that the di-
rect discharge of rivers into the dope during glacia was the main factor regponsdble for the in-
creased accumulation rate. The recent palynological andyssin the southern part of the SCSindi-
cates that the climate was not dry during glacia (personal communication by Sun Xiangjun and Li
Xun, 1997) , and it meansthat there is no reason to attribute the glacial increase of accumulation
rate in the southern part of the SCSto dry climate as Broecker et a.!*! did.

3) The carbonate accumulation rate has been little changed in the degp-water part of the SCS
from glacial to Holocene, which is probably a result of compensation of enhanced surface produc-
tivity and increased degp-water carbonate disolution. The opa accumulation rate during the last
glaciation was 4 —6 times higher than in the Holocene in the northern dope of the SCS, and this
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might be explained by the increased productivity caused by the strengthened winter monsoon and
enhanced supply of nutrients.
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