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Abgtract Quantitative andyses of microfosdls and stable i dtopic anadyds were carried out for Core SCS12 in the
uthwesern dope of the South China Sea (SCS) . A highrresol ution paeoceanographic record for the lagt 13 ka was
reveded with the AMS *C dates. The southern SCS has experienced stepwise paleoceanographic changes snce the last
deglaciation. The oxygen isotopic stage 1/ 2 boundary around 12. 05 ka B. P. and the end of the last deglaciation
around 7.70 kaB. P. are two rapid change periods (corregponding to the termination 1, and termination lg , respec
tively) , in between is a dow change period. The authorsinfer that the sealevel sood at - 110 m before the termina
tion I, roughly the same astoday ater the termination lg , and about - 50 min between. Subsequently , the average
winter sea surface temperature and sdinity obvioudy increased while paeo-productivity decreased snce 12. 05 kaB. P.
The early Holocene CaCO3 preservation gike, coupled with a high abundance of pteropoda and CaCOj3 content , oc-
curred around 7. 70 kaB. P.
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The last deglaciation wasinitiated around 15 kaB. P. and ended about 7 kaB. P. , lasting for
7 —8 thousand years[”. Within this short period, the continenta ice sheets of nearly 3 000 m
thick in the Northern Hemigphere melt and then disappeared; the sea leve of the world oceans
rose about 100 m correspondingly ; thed O compostion of sea water became depleted ; the atmo-
gheric CO, content increased by about 1/ 3. How did the seriesof environmental changes happen ,
straight or stepwise, or even with returnsin between! ! ?Invegtigation of the processes and mech-
anism regpongble for the last deglaciation would help us to understand the environmenta system
on the earth, and to provide the proper estimation and prediction for the future globa changes.

The South China Sea (SCS) is an ided marine regime for high-resolution studies on the
deglacial paleoceanography because of its high sedimentation rate and extensve carbonate sedi-
ments. In the last few years, the repponse of sea and land to the last deglaciation has been the
subject of many studies from the SCS. But most of them were concentrated on the northern
basn!??! , only afew on the southern part!*!. Infact , the outhern SCS hasone of the broadest
shelvesin the world, where during the deglacid sea level rise the sudden open of sea channels
and/ or abrupt increase of sea surface would have induced sudden environmental changes®. For
example, during the last deglaciation, the amplitude of shoreline shift could reach 900 km in the
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uthern SCS, with an average of at least 0. 3 m per day. If the intermediate pauses and even re-
turns are conddered, the shordine possbly had ever retreated at a peed of 1 m per day. This
kind of catastrophic environment should have played an important effect on the East ASan mon-
gona climate and the living environment of anima and plant , and human being in return. For
this reaon, this study selected Core SCS 12 from the outhwestern dope of SCS, to examine the
reflection of the last deglaciation in the SCS.

1 Material and methods

Core SCS 12 was oollected by the R/'VV Ocean Research | usng a Kullenberg-type piston cor-
er (7°42.0 N, 109°17.9 E, water depth 543 m, core length 120 cm) . The sediment in the core
is dark-gray dlty clay. A tota of 48 samples were taken with 2.5 cm interva and length.

All samples were processed us ng standard techniques. The coarser fraction (> 1544 m) was
split into representative aliquots, from which planktonic and benthic foraminifera and pteropoda
were picked , identified and counted. Then, the abundance of every kind of microfossl and reler
tive abundance of each taxon were calculated. Furthermore, the sea surface temperature (SST)
was calculated us ng planktonic foraminifera transer function; and the sea surface sdinity (SSS)
and phogphate- P content were estimated usng the method of weighted mean based on the plank-
tonic foraminiferal optimum valuesof environmenta variables®! . In addition , the changesin sur-
face productivity are quantitatively estimated according to benthic foraminifera abundance!”!.

4 —5 gpecimens of benthic foraminifera Cibicidoides wuellerstorfi (Schwager) (300 —500
M m) were picked from each sample, and their stable i otopes were measured by a Finnigan/ MAT
Ddta mass goectrometer at the Ingtitute of Marine Geology , Qingdao. The precisonis0. 07 %dfor
oxygen and 0. 05 %cfor carbon, repectively. Panktonic foraminifera Neogloboquadrina dutertrei
(>154p m) were picked from two samples at depthsof 30.0—32.5 cm and 112.5—117.5 cm
for AMSC dating at the Rafter Radiocarbon L aboratory , New Zealand. Further , more samples
for dating are being prepared. In addition, 1 g dry sdiment was taken from each sample and
measured for CaCOs content using the conventional method of acid-base titration.

2 Resultsand discussion

2.1 Sratigraphy

The AMS *C ages at depthsof 30.0—32.5 cm and 112.5—117.5 cm in Core SCS12 are
(7.70+110) kaB.P. and (12.64 +£120) kaB. P. respectively (the reservoir effect of 400 years
between sea and atmosphere has been corrected) . Based on thed B0 curveof C. wuellerstorfi,
the oxygen itopic stage 1/ 2 boundary is set at depth of 78.75 cm and itsage is determined to be
12.05 ka B. P. according to the 30 time scale of Martinon et a.!® (fig. 1). Because the
greatest amplitude of variationind 80 is 1. 76 %oin the core, which has reached the glacial-inter-
glacia & 0 range of benthic foraminifera in the open ocean, the bottom of the core is thus in-
ferred to corregpond to the early last deglaciation with the age of about 13 kaB. P.

The abundance of planktonic foraminifera Pulleniatina obliquiloculata remarkably de-
creased at depthsof 12.5—20.0 cmin the core (nearly zero) . This minimum zone has been rec-
ognized as a common stratigraphic dgnature in the SCS and Okinawa Trough with the late
Holocene age of about 3—5 kaB. P. (91 'which is condstent with the interpolated age (table 1) .
Therefore, it seems reasonable to assume no obvious absence of sediment on the top of the core.
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Fig. 1. Curvesof 85 anc sea surf:ca silinity irom Core SCS12 and their comparin with that of 8*¥0 from Core
V350514 in tre outhern South Chine Sea. The shadow indicates the period of Younger Dryas.

Table 1 Average sedimentation ratesof dfferent partsin Core SCS12

Part Average sd mer?tftlon Cacos (%) CaCOs; ==d men-taltlon Non-CaCOs; sed m-e?tatlon
rate/ cm- ka rate/ cm- ka rate/ cm- ka

After termination lg 4.1 15.2 0.6 3.5

Between terminations I and g 10.9 8.2 0.9 10.0

Before termination Ia 61.4 5.4 3.3 58.1

2.2 80 and stepwise sea level changes

During the last deglaciation, the benthic foraminiferal 8 **0 of Core SCS 12 varied stepwise
(fig. 1) , and rapidly decreased around 12. 05 and 7. 70 ka B. P. with the amplitudes of 0. 84 %o
and 0. 50 %o, regectively , which are equivdent to 1/ 2 and 1/ 3 of those of glacial-postglacia dif-
ference. However , between the two periodsis an interval whered 20 values remain stable, even
with returns. Actualy , it is doubtless that the stepwise curvesof & 0 in marine sediment during
the last deglaciation have been reported from many partsof theocean in the world!*®**. Based on
the d *80 curves, Duplessy et a. proposed that the last deglaciation has experienced three periods:
termination |5 and termination Ig of rapid ice sheet melting , which are separated by a pause even
with anincreasein ice volume'*!. The opinionson the age of the later termination (lg) are unan-
imous (10— kaB. P.) , while those on the age of the earlier termination (1,) are quite differ-
ent. However , in recent studies, the resultsof stackedd *20 curve in different areasindicate that
the age of termination | isaround 14 —2 kaB. P.[™. Therefore, we suggest that in Core SCS
12 the periodsof rapid changeind **0 around 12. 05 and 7. 70 kaB. P. correspond to termination
Ia and termination lg , regectively.

During the late Quaternary, the changes in 8 O of epifaunal benthic foraminifera C.
wuellerstorfi mainly reflect the decrease and increase of ice volume in polar regime and the rise
andfal of sealevel. Therfore, the stepwise pattern of & 80 curveof this Yeciesin Core SCS12
during the last deglaciation indicates that the sea level might have stepwise varied: rgpidly rose
around 12.05 and 7. 70 kaB. P. with an interval when the sealevel dowly rose or even was at a
standstill. Thisis a s supported by the recordsof sealeve risein Barbados cora area, where the
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sea level rapidly rose 24 and 28 m at nearly 12 and 9 ka B. P. respectively!*?l.

Previous studies show that the sea level of the SCS dropped about 100 —20 m during the
last glacial maxi mumt®!. This paper adopts the middle vadue, i.e. the sealevel was 110 m lower
than the present at the beginning of the last deglaciation. According to the changesind **0 from
the heaviest values (2. 05 %9 before termination I to 0. 37 %o0f coretop sample (0—2.5 cmin
depth) , the rapid sealevel risein the SCSaround 12. 05 and 7. 70 ka B. P. are estimated to be
about 55 and 33 m, regectively. If the average values of 3 **0O before termination I , between
terminations | and g, and ater termination Ig (1. 77 %o, 1. 29 %oand 0. 77 %o respectively) are
applied , it can be inferred that the sealevel during the period between terminations I and Ig was
roughly around - 50 m; that is, the SCS diglayed three different paleogeographic scenarios snce
the lagt deglaciation: the stuations before termination I (- 110 m) , between terminations I, and
lg (- 50 m) and ater termination Iz (about 0 m) (figure 2) .

Fg. 2. Pdeogeogrgphic scenarios of the SCS during the three stepsof sealeve change snce the last degladiation.

Before termination Ia , the sea level of the SCS was located at - 110 m, the broad shelf in
the southern part emerged , hence the site of Core SCS12 was very close to the shordine (fig.
2) . At that moment , a vast amount of terrigenous materias could have been brought directly to
the upper dope, not only increasng the sedimentation rate of Core SCS12 (as high as61.4 cm/
ka) , but d= diluting the CaCOs content to the average 5.4 % (table 1) . Through the rapid sea
level rise of termination la , the sealevel waslocated at about - 50 m; the distance between the
core and the shoreline increased ; hence most of terrigenous materia s were unloaded on the shelf.
The sedimentation rate abruptly decreased by about 5/ 6, averaging 10.9 cm/ ka. After termina
tion Ig, the core was much closer to the estuarine than before, the sedimentation rate declined to
the average 4. 1 cm/ ka, only about 1/ 15 of that before termination Ia (table 1) .

Based on the planktonic foraminifera optimum val ues of salinity[G] , the changes of the SSS
at Core SCS12 could be estimated by the method of weighted mean. It has been found that the
SSSd stepwise increased (fig. 1) , further confirming that the distance between the core and
the estuarine increased with the stepwise sea leve rise, consequently the influence of fresh water
on the core more and more declined.

2.3 dgnificant changesin sea surface temperature and paleo-productivity of termination Ia
The faunal assemblage was dominated by the warm gecies, such as N. dutertrei,
Neogloboquadrina pachyderma, Globorotaliainflata, before termination I in Core SCS12. On
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the oontrary , the abundance of tropic-gecies planktonic foraminifera Globigerinoides ruber,
Globorotalia menardii, P. obliquiloculata and others remarkably decreased (fig. 3). The win-
ter and summer SSTs were caculated using planktonic foraminiferal transer function FP-12E!? ;
(i) Before termination Ia , the winter and summer SSTswere 21.1 and 27.7  reectively , 4.7
and 0.9 lower than today (25.8 and 28.6 ) respectively. The difference between the winter
and summer SSTswas as high as6.6 , indicating that the ssanaity was much stronger than
that of today (2.8 ). (ii) The conspicuousincrease in winter and summer SSTs during the last
deglaciation occurred at the end of termination |5 around 12.05 ka B. P. Their amplitudes were
4.0and 1.4 respectively (fig. 3) , much greater than those at smilar latitudesin the western
Pacificl?!. It isthuscdlear that the outhern SCSa o experienced the relatively remarkable glacial-
postglacial changesin the SSTs.
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Fg. 3. Variationsin the sea surface temperature and reative abundance of planktonic foraminiferd taxa in Core SCS12.
The shadow areaindicates the period of Younger Dryas. The arrow shows the minimum zoneof P. obliquilocul ata abundance
during the late Holocene at about 3—5 kaB. P.

The surface primary productivity of Core SCS12 was quantitatively estimated according to
the formula of Herguera and Bergerm. Before termination 1 , the average surface primary pro-
ductivity PPwasas high as 175.4 gC/ m>-a ', which was 2 —4 times more than that after termi-
nation 1 (fig. 4). Meanwhile, the sea surface phogphate- P content estimated by the method of
weighted mean!®’ | obvioudy decreased ater termination Ia (fig. 4) . The percentage abundance of
benthic foraminifera Uvigerina peregrina, Melonis barleeanus, Globobulimina p. ,
Chilostomella oolina, and othersindicative of highorganic carbon in sediments and low dislved
oxygen content in bottom water a0 sgnificantly decreased after termination I (fig. 4) , indicat-
ing the abrupt decrease in surface paleo-productivity at termination l5. It isvery likely that ater
termination |5 , alot of terrigenous nutrient was not trangported directly to the upper dope again,
and hence the surface phosphate- P content and paleo-productivity decreased.

Infact , during termination I around 12. 05 ka B. P. , the noticeable increase in the SSTs
and decrease in surface paleo-productivity have d< been found in other partsof the SCS basn as
well asthe Sulu Sea'?®*3!. This should not be an accidental and individua phenomenon.
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Surface Globobulimina
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Fg. 4 HRanktonic and dentric foraminifera index showing the changes of surface paeo-productivity at Core SCS12.
2.4 CaClspreservation ike of termination lg

Broecker et a. pointed out that the air bubblesfrom the Antarctica Byrd ice core recorded a
decreaein CO, content during the early Holocene at about 10.0—7.0 ka B. P. , in corregpon-
dence with the peak abundance of pteropoda or CaCO; content in deep-sea sediments of the At-
lantic (about 8.5 ka B. P.). It demonstrates that due to the early Holocene forest and il re-
growth , the atmospheric CO, content decreased , leading to an increasein the CO3™ ion concentrar
tion of deep water and a decline of the carbonate lysocdine, hence the carbonate preservation
gike. Thisisareturn event superimposed on the oceanic carbonate lysocline rose dnce the end of
the last glacial stage!™.

During termination Ig at about 8.8 —6.5 kaB. P. in Core SCS12, thereisa distinct zone of
high abundance of pteropoda. The ratio between pteropoda and planktonic foraminifera als has
peak values during this period (fig. 5). Previous studies have shown that the preservation gike
of pteropoda extended into the Holocene Hypsthermal at about 6 — kaB. P. in the southern
SCSand Sulu Seal™®*®!. Thisindicatesthat the carbonate diswlution remarkably decreased at this
moment because aragonite pteropoda are more susceptible to dislution than calcite planktonic
foraminifera.

Though the sedimentation rate of CaCOj3; decreased from 3. 3 cm/ ka before termination Ia to
0.6 cm/ ka ater termination Ig , the CaCO; content continuoudy increased due to the decrease in
the input of terrigenous materia to this region. However , the remarkable increase in the CaCOs;
content during termination Ig at about 7.70 kaB. P. (>12 %, table 1, fig. 5) is hardly conmr
pletely explained by the changesin the sedimentation rate of non-CaCO; , and it should a9 be re-
lated to the better preservation of CaCOs; at that moment. This characteristic of the change in
CaCOs content has a0 been reflected in the curvesof coarsefraction (> 63U m) % and plankton-
icforaminifera abundance (fig. 5). Therefore, during termination g around 7. 70 ka B. P. in
Core SCS 12, the noticeable increase in the abundance of pteropoda and CaCOj; content indicates
that the early Holocene CaCOs preservation gike event!™! als occurred in the SCS, suggesting
that it is apossble globa sgnature.
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Fig. 5 T'ieaouncance of pleropodain Core V30-60 of the Atlantic!™ and its comparison with the abundance of pteropo-
da, raiio natw:en pteropoda and planktonic foraminifera, CaCO; content , coarse fraction and abundance of planktonic
foraminiferain Core SCS12 of the SCS.

2.5 Younger Dryas Event ?

Younger Dryas Event is a short-term climatic cooling about 11 —10 ka B. P. It was found
only in the Atlantic and its adjacent European and A merican continents before!*!. Inthelast few
years, however , Younger Dryas Event has a9 been reported from the Sea of Japan, East China
Sea, SCSand its adjacent Sulu Seal®*®! | showing that this event is a global one.

As shownfromfig. 1,in Core SCS12 at depthsof 52.5—75.0cm (11.6—9.8 kaB.P.) ,
the benthic foraminiferal & *®0 increased with the amplitude of about 0. 58 %o, which is equivalent
to about 1/ 3 and 2/ 3 of those during the deglaciation and termination 1 , resectively. Particu-
larly , the fluctuation of & 8o changed by three phases: two increases with a short decrease be-
tween them (fig. 1). This specid feature is not only evidenced by the d 2O curves of benthic
foraminifera Cibicidoidesin Core V3505 (7°11' N, 112°05 E) of the southern ScS!*! (fig. 1) ,
but can be correlated to the recordsof peat from the desert/ loesstrangtion zonein Chinesinland ,
supporting that the East Adan climate had experienced the changesfrom dry and cold, to warm
and ocool , and then to dry and cold during the Younger Dryas period[”]. During thisperiod, the
abundance of warnrsecies Neogloboquadrina p. and G. inflata and others abruptly in-
creased. Corregondingly, the winter SSTs decreased by about 1.6  (fig. 3) , equivalent to
26 % of the amplitude during the deglaciation, and the ssasonadlity aw increased to 4.3  from
3.1 Dbefore the cooling. Infact, there were dmilar changesin Core V36-06-3 of the northern
SCS during the Younger Dryasperiod , but with greater amplitude than that in the southern part.

Though precise datings are to be done, we believe that the short-term climatic return re-
vealed by & 20 and foraminiferain Core SCS12 at depthsof 52.5—75.0 cm (about 11.6—9.8
kaB. P.) should be the reflection of Younger Dryas Event SCS. The & 0O shift during the
Younger Dryas period in the western Pacific was found only in planktonic foraminiferal before,
not in benthic foraminifera curves. However , it was a0 recognized from the & 80 curves of
Cibici doi des in Cores SCS12 and V35-05!*!. It seemsthat thisphenomenon needsfurther study.
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3 Conclusions

The stepwise paeoceanographic changes in the southern SCS dnce the last deglaciation are
not only influenced by the global changes, but a< controlled by the geogrephic and paleo-
ceanographic changes in the SCS and western Pacific. Thed 80 in Core SCS12 and the sea level
in the outhern SCS stepwise changed during the last deglaciation. Around 12. 05 and 7. 70 ka
B. P. are two ragpid change periods correponding to termination | and termination lg regectively ,
in between isa dow change period. It isinferred that compared with that of modern, the sealevel
stood at - 110 m before termination 15 , and roughly the same after termination Ig, but about
- 50 m between them , thusleading to a seriesof changesin environmenta index. For example,
dnce the lagt deglaciation the sedimentation rate stepwise decreased, while the SSS stepwise in-
creaed. Since termination I, about 12.05 kaB. P. , the winter SSTsobvioudy increased , while
surface palec-productivity decreased. But around termination Ig about 7. 70 ka B. P. , the abun-
dance of pteropoda and CaCO3 content remarkably increased , and then the early Holocene CaCO3
preservation spike occurred. In addition, the benthic foraminifera 8 **0, SSTsand  on in Core
SCS 12 a9 have recorded the Younger Dryas Event during about 11.6—9.8 kaB. P.
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