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Abstract

The δ18O and δ18C isotopic composition of Globigerinoides ruber, the concentration of C37 alkenones, n-nonacosane
and n-hexacosan-1-ol and the populations of coccolith species in core 17961-2 have been used to characterize the climatic
changes which occurred in the South China Sea (SCS) during the last climatic cycle. The relative composition of di-
and triunsaturated C37 alkenones, the UK

37 index, has been used to estimate the variation in sea surface temperatures. The
concentrations of the terrigenous markers n-nonacosane and n-hexacosan-1-ol have allowed to infer changes in continental
water dynamics during the glacial and interglacial times. The stratigraphic record of these compounds has shown that
the influence of continental waters (i.e., the Molengraaff River) and restricted water circulation in SCS gave rise to a
marginal system of higher but slower response to climatic change. Both in terminations I and II, the change from glacial
to interglacial conditions involves a considerable reduction of continental water input into this semi-enclosed system. The
high resolution study of the biomarker proxies in Termination I has shown that the SST increase lagged about 2.3 ky the
δ18O isotopic decrease of Cibicidoides wuellerstorfi. Probably, the SST increase corresponds to the period of the Sunda
Shelf inundation onset.  1999 Elsevier Science B.V. All rights reserved.
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1. Introduction

The South China Sea (SCS) is a semi-enclosed
system whose climate and hydrography has been sig-
nificantly affected by the sea level changes. During
glacial times, the Sunda Shelf was laid bare by the
lower sea level and the rivers flowing from Southeast
Asia, Malaysia, Sumatra and Borneo became very
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relevant for SCS hydrodynamics (Broecker et al.,
1988). In this respect, the discharges of the Molen-
graaff or Paleo-Sunda River were of great impor-
tance. This river existed when the sea level was low
and entered the South China Sea north of Western
Borneo.

The paleoclimatic studies of these marginal seas
require a good knowledge on the influence of the
continental water dynamics during the glacial and
interglacial periods. Thus, in addition to the study
of climatic proxies such as sea surface temperature
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(SST) and isotopic records, comparison of the au-
tochthonous and terrigenous inputs provide a useful
tool for the understanding of hydrographic–climatic
interactions.

To this end, useful information is contained in
the sedimentary lipid composition. A portion of
these compounds, the biomarkers, can be related
with specific precursors and can be used as source
of information on depositional input flux changes.
Thus, n-nonacosane and n-hexacosan-l-ol are indica-
tors of higher plant inputs (Eglinton and Hamilton,
1967). These compounds have been widely used as
indicators of terrestrially derived higher plant inputs
to the marine environment (Prahl and Pinto, 1987;
Madureira et al., 1995; Schubert and Stein, 1996).

On the other hand, the C37 di-, tri- and tetra un-
saturated alkenones are related with SST (Brassell
et al., 1986a,b). These compounds can also be used
as indicators of productivity of Haptophyceae, since
they are specifically biosynthesized by these algae
(Volkman et al., 1980; Marlowe et al., 1984). The
relationship between C37 alkenones composition and
water temperature is based on the degree of unsatu-
ration of the ketone distributions which is measured
by means of several indices:

UK
37 D .C37 : 2 � C37 : 4/=.C37 : 2 C C37 : 3 C C37 : 4/

UK0
37 D C37 : 2=.C37 : 2 C C37 : 3/

where C37 : 4, C37 : 3 and C37 : 2 are the concentrations
of heptatriaconta-(8E, 15E, 22E, 29E)-tetraen-2-one,
heptatriaconta-(8E, 15E, 22E)-trien-2-one and hepta-
triaconta-(15E, 22E)-dien-2-one, respectively.

Both indices are equal when C37 : 4 ! 0. UK
37 de-

terminations in isothermally cultured Emiliania hux-
leyi, the most abundant coccolithophorid species in
the present oceans (Marlowe et al., 1984), showed
that the relationship was linear in a range of 8 to
25ºC (Prahl and Wakeham, 1987, Prahl et al., 1988).

In a recent work, the relationship between UK
37

and the SST has been calibrated for the SCS (Pele-
jero and Grimalt, 1997). A good linearity has been
found, showing that the UK

37 index can also be used
for paleotemperature reconstructions in the warm
waters (25–29ºC) of this marginal sea. The equation
encountered, UK

37 D 0:031T C 0:092, is very similar
to the equation published for E. huxleyi cultures and
column water samples (UK

37 D 0:033T C0:043; Prahl

and Wakeham, 1987), which has often been used
in paleoclimatic work. The correlation between UK

37
and temperatures in the SCS is valid for the annually
averaged water mass between 0 and 30 m.

The present work is focussed on the study of
the molecular biomarker data in core 17961-2, ob-
tained from the Sunda Slope (Fig. 1). High reso-
lution profiles of C37 and C38 alkenones, UK

37-SST,
n-nonacosane and n-hexacosan-1-ol have been deter-
mined in Barcelona. These profiles have been inter-
preted by reference to the δ18O and δ13C isotopic
composition of Globigerinoides ruber performed in
Kiel. The composition of coccolith species and their
sedimentary abundances have been determined in
Salamanca for further assessment of the depositional
environments and significance of the alkenone data.
A selected time horizon summary of these parame-
ters is shown in Table 1.

2. Materials and methods

The sediment samples considered in this study
were obtained from gravity core 17961-2 (8º30.40N,
112º19.90E, 1968 m depth), collected in the Sunda
Slope (Fig. 1) during the R=V Sonne 95 cruise
(April–June 1994; Sarnthein et al., 1994). Sediment
sections were subsampled at spacings of 4–10 cm in
1 cm intervals over the total core length, 992 cm.

The core sections have been dated by compar-
ison of the δ18O isotopic record of G. ruber and
Cibicidoides wuellerstorfi with the SPECMAP nor-
malized isotope curve (Martinson et al., 1987) and
4 accelerator mass spectrometry (AMS) 14C datings,
which have been converted to calendar ages accord-
ing to Bard et al. (1990) as summarized in Table 2.
Planktonic biostratigraphy is coincident with the age
model. This shows the E. huxleyi Acme (about 85
kyr) at 845 cm and the last appearance of the pink-
pigmented variant of G. ruber (Stage 5e) at 960 cm.
The G. ruber δ18O profile versus depth and calendar
ages is represented in Fig. 2, where the AMS 14C
dates and the biostratigraphic references used for
calibration are also indicated (for δ18O data on C.
wuellerstorfi, see L. Wang et al., 1999). The core
bottom has been reported to be compacted with the
consequent reduction of the observed sedimentation
rate.
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Fig. 1. Map of the South China Sea showing the location of core 17961-2. The estimated Molengraaff river track during glacial times is
indicated. (Note that the 100 m isobath approximately represents the coastline during glacial times).

The procedures and equipment used for the
UK

37 index determinations are described elsewhere
(Villanueva et al., 1997). Briefly, sediment sam-
ples were freeze-dried and manually ground for
homogeneity. After addition of an internal stan-
dard of n-hexatriacontane, approximately 3 g of
dry sediment were extracted in an ultrasonic bath
with dichloromethane and the extracts were hy-

drolyzed with 6% potassium hydroxide in methanol
to eliminate wax ester interferences. After deriva-
tizing with bis(trimethyisilyl)trifluoroacetamide, the
extracts were analyzed by gas chromatography with
flame ionization detection. Selected samples were
examined by gas chromatography coupled to mass
spectrometry to confirm compound identification and
check for possible coelutions.
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Table 1
Summary of parameter values for selected time horizons

Modern times LGM Stage 3 average Stage 5e Stage 6

δ18O G. ruber ‰ PDB �3.12 �1.72 �2.39 �3.19 �1.89
SST (ºC) 28 25.2 26 29.2 26.5
Nonacosane (ng=g) 27 150 133 25 155
Hexacosan-1-ol (ng=g) 90 280 234 75 245
δ13C G. ruber ‰ PDB 1.63 1.32 1.29 0.78 0.86
F. profunda (coccolith=g) 19:2ð 109 6:0ð 109 6:4ð 109 23:0ð 109 5:5ð 109

C37 alkenones (ng=g) 511 600 800 570 1060
E.hux=G.oce 3.1 1.2 1.5 1.19 0.21
K37=K38 1.20 1.16 1.20 1.34 1.15
%CaC03 35 13 10 27 12

SST data obtained using the equation of Pelejero and Grimalt (1997), which represents annual average temperatures between 0 and 30 m
depth. E.hux=G.oce refers to the ratio between E. huxleyi and G. oceanica coccoliths. K37=K38 indicates to the ratio between C37 and
C38 alkenones.

The slides used to inventory the coccolithophore
assemblages were prepared using the methodology
of Flores et al. (1995), which affords homogeneous
and comparable data among different samples. Mea-
surement of sediment weight, spreading and observa-
tion surfaces allowed the estimation of surface coc-
colith density (coccoliths per mm2) and subsequent
conversion to sedimentary coccolith abundances.

3. Results and discussion

3.1. SST evolution over the last climatic cycle

A representative chromatogram of the neutral
lipid composition of SCS sediments is shown in
Fig. 3. Since no C37 : 4 has been found in any of
the sediment sections, the previously mentioned UK

37
and UK0

37 are identical. The conversion of UK
37 into

SST has been performed with the above mentioned

Table 2
AMS 14C ages dated in core 17961-2 (L. Wang et al., 1999)

Sample depth AMS 14C age Corrected AMS 14C age Error 1 � sigma Calibrated age
(cm) (yr BP) (yr BP) š(yr) (yr BP)

290 24,940 24,540 C290=�280 28,040
310 25,880 25,480 C340=�330 28,980
440 34,600 34,200 C940=�840 37,700
490 40,100 39,700 C2100=�1700 43,200

Under ‘Corrected AMS 14C age’, a 400-yr correction has been applied for the reservoir age of sea water, although its precise age range
is unknown in the South China Sea (Stuiver and Braziunas, 1993). Conversion from 14C kyr BP to calibrated kyr BP after Bard et al.,
1990. All datings were performed on single species (Globigerinoides sacculifer).

equation specifically calibrated for the SCS using the
annual average SST at 0–30 m depth (Pelejero and
Grimalt, 1997). The resulting SST profile is shown
in Fig. 4. The SST estimates for the undisturbed
sediment surfaces (0–1 cm depth) obtained with this
equation matched exactly the modern annual 0–30 m
depth average SST for this region (28.0ºC, Levitus,
1994).

For comparison, the SST results derived from
the UK

37 equation calibrated by Prahl and Wake-
ham (1987) from E. huxleyi cultures are also rep-
resented in Fig. 4. The variation among the two
curves is smaller than 0.2ºC and differences can only
be observed at the warmer temperatures. The sole
observation of discrepancies at warm temperatures
was a priori expected because the calibration equa-
tion based on E. huxleyi cultures did not include
points in the high temperature range. Conversely,
the SCS equation was addressed to temperature cal-
ibration at this warm range. Based on five replicate
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Fig. 2. Time scale of core 17961-2 based on the δ18O isotopic composition of G. ruber and C. wuellerstorfi (not depicted, see L. Wang et
al., 1999), AMS 14C dating and planktonic biostratigraphy. Filled squares show ages of AMS analog oxygen isotope chronostratigraphy
(the first three ages from the top based on Winn et al. (1991) and the rest based on Martinson et al. (1987). Eh represents the timing of
E. huxleyi Acme and G.r relates to the last appearance of the pink-pigmented variant of G. ruber. Filled circles show the calibrated ages
of the 4 AMS datings performed in the core (see Table 1).

analyses of deep sea sediments containing similar
alkenone abundances, the analytical error involved in
the UK

37-SST measurement is of š0.15ºC.
The SST of core 17961-2 range within 25–29ºC

(Fig. 4). In general, the SST profile follows the
G. ruber δ18O isotopic curve (Fig. 4), exhibiting a
typical glacial to interglacial pattern. The difference

between modern times and the Last Glacial Maxi-
mum (LGM) is 2.8ºC. Differences of 1.3ºC, 1.8ºC
and up to 1.5ºC have been reported for SST re-
constructions based on the UK

37 index in the eastern
Equatorial Pacific (Prahl et al., 1989), the central
Equatorial Atlantic (Sikes and Keigwin, 1994) and
the western Tropical Pacific (Ohkouchi et al., 1994),
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Fig. 3. Representative gas chromatogram of the neutral lipid composition of the South China Sea sediments. The peaks
corresponding to n-nonacosane (C29), n-hexacosan-1-ol (C26-1-ol), heptatriaconta-(8E,15E,22E)-trien-2-one (C37 : 3) and heptatria-
conta-(15E,22E)-dien-2-one (C37 : 2) are indicated. I.S.: internal standard (n-hexatriacontane). The region of appearance of C38 alkenones
is marked as C38.

respectively. Likewise, the results obtained in the
extensive work of the CLIMAP project (CLIMAP
Project Members, 1981) based on planktonic micro-
fossils also show variations lower than 2ºC between
LGM and present times in low latitude open oceans.
In this respect, the glacial–interglacial δ18O ampli-
tude in the SCS record, 1.7‰, is also higher than in
equivalent latitude open oceans and in close seas like
the Sulu Sea, 1.3‰ (Linsley, 1996).

The temperature differences in the continental ar-
eas of the same latitudes are of higher magnitude
than those observed in the SCS. This is indicated
by the 1 km lowering of the snowline (Broecker

Fig. 4. δ18O and δ13C isotopic composition of G. ruber, UK
37 sea surface temperature (SST), n-nonacosane, n-hexacosan-1-ol and F.

profunda sedimentary abundances in core 17961-2 during the last 140 kyr. PW (dotted line) and SCS (solid line) show the SST records
calculated with the equations of Prahl and Wakeham (1987) and Pelejero and Grimalt (1997), respectively. The latter equation represents
annual average temperatures for 0–30 m depth. Vertical dashed line marks the timing (14.9 kyr B.P.) of the abrupt increase in SST and
decrease in terrestrial marker concentrations which is probably coincident with the onset of the inundation of the Sunda Shelf. Horizontal
dashed line marks the SST for modern times. Note the higher SST temperatures (1.2 degree approx.) during Stage 5e in relation to Stage
1. Shaded areas indicate the timing of the extremely high precipitation events recorded in the isotopic curves (see text).

and Denton, 1989 and references therein) and veg-
etation changes (Sun and Li, 1999). Furthermore,
foraminiferal assemblage SST measurements in the
SCS have evidenced an enhanced seasonality, with
considerably colder winters, in the glacial times (L.
Wang and P. Wang, 1992; Pflaumann et al., 1999;
P. Wang, 1999). Then, the temperature difference of
Transition I (Fig. 4) shows that the SCS has been
more sensitive to climate change than the open ocean
regions. Possibly its restricted water circulation led
to greater difficulties of heat exchange and tem-
perature homogenization in glacial than interglacial
times. Thus, in glacial times the influence of the land
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masses may have been important in this marginal
sea, particularly for the enhanced river hydrody-
namics. Recently, two studies based on UK

37 recon-
structions in the SCS have revealed an even higher
temperature difference between LGM and modern
times (3.5–4ºC), for two cores located further north
(17–18ºN; Huang et al., 1997a,b).

In this respect, the close examination of Termina-
tion I shows that the 3ºC SST increase lags the G.
ruber δ18O isotope decrease by about 4.5 kyr but is
coincident with a decrease in δ13C isotopic content
of G. ruber (Fig. 4). This isotopic decrease occurs at
about 19.5 kyr B.P., so more than 2 kyr earlier than
the onset of Termination I at 17.2 kyr B.P., (see the
C. wuellerstorfi δ18O curve for the same station; L.
Wang et al., 1999), and may be ascribed to a period
of extreme precipitation and river runoff involving a
low in salinity (L. Wang et al., 1999). The age of the
SST increase, 14.9 kyr B.P., probably corresponds to
the beginning of the inundation of the Sunda Shelf.
Although the exact timing of the complete inunda-
tion is still not well constrained, Broecker et al.,
1988 suggested that it occurred slightly after 13 kyr
B.P. Likewise, the abrupt SST increase may have
resulted from the discontinuation of the influence of
the cold waters from the Molengraaff and other main
rivers into the SCS, as well as from the lateral ad-
vection of warm water through the Borneo strait (P.
Wang, 1999). In these conditions, the massive input
of seawater may have led to an episode of higher
productivity as recorded in the δ13C isotope record.

During isotopic Stage 5 (127–72 kyr BP), the
δ18O curve exhibits the changes characteristic of
the five substages 5a to 5e, with very similar isotope
values in the warm substages 5a, 5c and 5e (�3.2‰).
Differently, the SST of Stage 5e (127–116 kyr BP),
29.2ºC, is considerably warmer than that found in the
other warm substages (28–28.2ºC). It is also worth
to note the stability of the warm conditions within
the Stage 5e. Roughly millennial-resolution during
the 11 kyr of this sub-stage show that SST increased
smoothly from 28.7ºC to 29.2ºC and then fell to
28ºC in Stage 5d (Fig. 4).

Comparison of Stage 5e and Holocene tempera-
tures shows that the former was 1.2ºC warmer than
present times. These results are in agreement with
foraminiferal countings in another SCS core, V36-
06-3, which led to conclude that winter temperatures

in Stage 5e were about 2ºC warmer than in the
Holocene (L. Wang and P. Wang, 1992). Thus, the
generally accepted scenario of similar SST for the
last two interglacial periods (CLIMAP Project Mem-
bers, 1984) is not applicable to this marginal sea.
In fact, comparison of populations of gastropods in
other marginal seas such as the Mediterranean also
revealed a warmer climate in Stage 5e than in the
Holocene (Cornu et al., 1993). Evidence of a warmer
Stage 5e has also been observed in open ocean ar-
eas, like in the mid-latitude North Atlantic, where
UK

37-SST reconstruction shows a temperature differ-
ence of 3ºC between these two interglacial periods
(Villanueva, 1996; Madureira et al., 1997). A warmer
Stage 5e was also recorded from biotic census counts
in several cores from the North Atlantic (CLIMAP
Project Members, 1984). The recurrent evidences of
eustatic sea levels roughly 6 m higher for the last
interglacial than today, and many other land and
oceanic evidences (CLIMAP Project Members, 1984
and references therein), suggest that a warmer inter-
glacial could be recorded in many more sites than
previously thought. Even in the Antarctica, the δD
record of the last interglacial air temperatures indi-
cate 2ºC warmer conditions than present (Jouzel et
al., 1987).

The SST data of Fig. 4 also display a SST differ-
ence between Stages 2 and 6 showing that the LGM
was 1.4ºC cooler than Stage 6. This difference is
in agreement with the winter temperature variations
found in core V36-06-3 with foraminiferal popula-
tion studies (L. Wang and P. Wang, 1992). The same
SST trend between the two stages has been observed
from UK

37-SST reconstructions in the North Atlantic
(Villanueva, 1996).

3.2. Short isotopic events

The isotopic δ18O profile in Stage 3 (24–60 kyr)
show two prominent peaks at 290–310 and 430–
500 cm, which have been AMS 14C dated pre-
cisely to 28.0–29.0 and 37.7–¾43.2 calendar kyr
B.P., respectively (Fig. 4, Table 2). The lack of spe-
cific SST signal in relation to these two isotopic
events leads to infer two episodes of low sea surface
salinity (SSS) caused by extreme tropical precipita-
tion and enhanced summer monsoon activity. These
episodes were also characterized by considerably
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Fig. 5. Concentrations of C37 (solid line) and C38 alkenones (dotted line) in ng=g dry sediment, E. huxleyi=G. oceanica coccolith
abundance ratio, C37=C38 alkenone ratio and calcium carbonate content in core 17961-2 during the last 140 kyr. The C37=C38 alkenone
ratio is only displayed using the samples for which coccolith data was available. Vertical dashed line and shaded areas as in Fig. 4.

fertility increases as evidenced by the strong δ13C
isotope decreases at these events (Fig. 4). This in-
crease in productivity is also detected in the long
chain alkenone record (Fig. 5; note that the alkenone
record has a higher time resolution).

Interestingly, these two low salinity events oc-
curred very close in time to Heinrich events 3 and
4 in the North Atlantic. Porter and Zhisheng (1995)
in their study of Chinese loess grain-size data ob-
served enhanced eolian dust transport and deposition

events in coincidence with most of the Heinrich lay-
ers recorded in the North Atlantic. Increased strength
of East Asian winter monsoon during the time of
Heinrich events in the North Atlantic was inferred
from their measurements. In their study, Heinrich
layers 3 and 4 were occurring at 27 14C kyr (¾31
cal kyr BP) and 35 14C kyr (¾39.5 cal kyr BP),
respectively. Comparing with these datings, the older
abrupt low salinity event of core 17961-2 could be
coincident with Heinrich event 4 but the younger
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would have occurred about 2 kyr later. There is,
however, some uncertainty concerning the dates of
these salinity events due to the lack of information on
14C production rate, especially during isotope Stage
3. Furthermore, the dates of the Heinrich events are
also under discussion. Thus, Bond et al. (1993) dated
Heinrich event 4 at 35.5 14C kyr (¾40 cal kyr BP)
while Manighetti et al. (1995) estimated an age of 39
14 C kyr (43 cal kyr BP). As L. Wang et al. (1999)
suggested, these low salinity events could also be
ascribed to warm Dansgaard-Oeschger events 8 and
4=3 (Grootes and Stuiver, 1997), respectively.

3.3. Terrigenous organic matter inputs

The concentrations of n-nonacosane and
n-hexacosan-1-ol in core 17961-2 are shown in
Fig. 4. In general both compounds exhibit a par-
allel trend which is in agreement with their common
higher plant origin. These profiles evidence that the
period of highest flux of terrigenous materials was
between 30 and 15 kyr B.P.

The main trend of these two compounds is an
inverse correlation with SST throughout all core.
The lowest n-nonacosane concentrations (20 ng=g)
are found at high temperatures (Stages 1 and 5) and
the highest concentrations (160–170 ng=g) at low
temperatures (Stages 2–4).

The inverse correlation between these terrigenous
markers and SST is in agreement with erosional
changes of the continental platform as consequence
of the glacial=interglacial sea level oscillations. As
has been mentioned in Section 1, as consequence of
the general sea level decrease during glacial times, a
huge river flow appeared north of Western Borneo,
the so called Molengraaff or Paleo-Sunda River. The
approximate track of this river flow during glacial
times (sea level decrease of about 100 m) has been
plotted in Fig. 1. Thus, terrigenous markers in the
location of core 17961-2 are likely reflecting the
flow changes of the material transported by this river
which, in turn, might have been influenced by sea
level and precipitation changes.

In this respect, the SST rise corresponding to
Termination I is coincident with an abrupt decrease
of terrigenous markers (Fig. 4). The onset of the
inundation of the Sunda Shelf (Broecker et al.,
1988) might have resulted in the deposition of the

terrigenous sediments closer to the present coast-
line and therefore further away from the core lo-
cation. Similar changes in SST, n-nonacosane and
n-hexacosan-1-ol concentrations are also observed at
the end of Stage 6 (Fig. 4).

In addition to the general glacial=interglacial
trend, some specific features related with the
changes in concentration of n-nonacosane and
n-hexacosan-1-ol have to be considered. Thus, the
above described two low salinity events recorded in
the δ18O G. ruber curve are coincident with higher
values of the terrestrial markers. This increase in
n-nonacosane and n-hexacosan-1-ol describes higher
contributions of terrigenous organic matter as conse-
quence of the higher precipitation which led to these
two low salinity events.

3.4. The coccolith contribution and long chain
alkenones record

The carbonate content follows a glacial=inter-
glacial pattern, with higher abundances in the in-
terglacials (Fig. 5). The low concentrations during
glacial periods may be a consequence of dilution by
terrestrial matter (Schönfeld and Kudrass, 1993). A
remarkable feature of the coccolith composition con-
sists of the high abundances of F. profunda through-
out all core, with values ranging from 50 to 90%
of the total coccolith (Fig. 4). The alkenone pro-
ducers, E. huxleyi and Gephyrocapsa oceanica are
also found but at lower percentages, with minimum
values during Stage 5. In this stage, the second major
coccolith besides F. profunda is constituted by very
small gephyrocapsa.

An abrupt five-fold increase in the abundance of
F. profunda is observed at 14.9 kyr B.P. (Fig. 4)
which parallels the SST increase at this time. The
increase of this species may mark a rapid change
from a shallow to a deep nutricline, leading to more
stratified and less productive waters after the SST in-
crease (Okada and Honjo, 1973; Molfino and Mcin-
tyre, 1990). The alkenone production capability of
F. profunda is unknown (Brand, 1994). However,
the important increase of this species in Stage 1 is
followed by a decrease of alkenone concentration
(Figs. 4 and 5) which could suggest that these algae
do not synthesize long chain alkenones, and would
support the decrease in productivity associated with
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stratification. A similar trend is observed in Stage
5e where the high abundance of F. profunda oc-
curs simultaneously to a decrease in C37 and C38

alkenones.
In relation to the coccolith species present in

lower abundance than F. profunda, the relative com-
position of E. huxleyi and G. oceanica can be moni-
tored by the ratio of C37 to C38 alkenones (Volkman
et al., 1995). As shown in Fig. 5, the concentrations
of C37 and C38 alkenones exhibit a rather paral-
lel trend and the C37=C38 ratios range between 1–
1.4. These values are in principle more similar to
those encountered in E. huxleyi cultures (Prahl et al.,
1988). The values for G. oceanica reported in the
literature are below 1 (Volkman et al., 1995) and
are not encountered in core 17961-2 which likely
reflects a low contribution of G. oceanica to the total
C37 alkenone content of this core.

The elucidation of the relative abundance of E.
huxleyi vs. G. oceanica is significant for the dif-
ferences in UK

37-SST calibration curves reported for
these two Haptophyceae (Prahl and Wakeham, 1987;
Volkman et al., 1995). However, the two reported
straight lines converge at the warm end and provide
similar temperature values in the 25–29ºC range.
Thus, no significant SST changes are expected from
variations of relative composition of E. huxleyi and
G. oceanica in the SCS cores.

The alkenone abundance profile (Fig. 5.) shows
the highest amounts during Stage 5, reaching con-
centration values of about 1.4 µg=g dry sediment
for the C37 species. After this stage, the alkenones
decrease progressively till the modern day value of
0.5 µg=g dry sediment. The comparison of these
alkenone results with F. profunda abundances shows
an inverse correlation (Figs. 4 and 5), which again
is consistent with lower abundance of alkenone-pro-
ducing Haptophyceae species in more stratified and
less productive waters.

4. Conclusions

In the SCS the influence of continental waters
(i.e., the Molengraaff River) and restricted water cir-
culation gave rise to a marginal system of higher
but slower sensitivity to climatic change. Thus, in
Termination I the SST difference between the LGM

and Holocene is 2.8ºC whereas only 1.3–1.8ºC SST
increases are observed in open ocean areas of the
same latitude. However, this temperature increase
lagged about 2 kyr the δ18O isotopic decrease of C.
wuellerstorfi. The SST change was probably coinci-
dent with the onset of the inundation of the Sunda
Shelf, a considerable decrease of continental wa-
ter input and concurrent with the development of
a deep nutriocline. These effects can be recognized
in the concentration changes of n-nonacosane and
n-hexacosan-1-ol and the sedimentary abundances
of F. profunda, respectively. The concentrations of
terrigenous markers are eight times lower in the
Holocene than before the LGM.

Similar increases in SST and decreases in
n-nonacosane and n-hexacosan-1-ol are observed at
the transition between Stages 6 and 5e (Termination
II). These parallel changes in both terminations sug-
gest that the development of interglacial conditions
involved the same modifications in water hydrody-
namics as those occurred in Termination I particu-
larly a considerable reduction of continental water
input. In this respect, the SST of the SCS waters
in Stage 5e was 1.2ºC warmer than the Holocene,
a feature that has also been observed in many other
ocean regions. These warm conditions were main-
tained during the 11 ky of this sub-stage.

Two marked episodes of extreme water precipita-
tion and productivity increase have been observed
during Stage 3. These episodes are reflected in
the δ18O and δ13C isotopic composition, SST and
n-nonacosane and n-hexacosan-1-ol concentrations.
Careful AMS 14C datings have shown that one of
these episodes is coincident in time with Heinrich
layer 4 in the North Atlantic and the other occurred
about 2 kyr later than H3. However, further dat-
ing information is needed to confirm or disregard a
teleconnection between these two types of climatic
events.
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