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Synchronous Tropical South

China Sea SST Change and

Greenland Warming During
Deglaciation

M. Kienast,'* S. Steinke,? K. Stattegger,? S. E. Calvert’

The tropical ocean plays a major role in global climate. It is therefore crucial
to establish the precise phase between tropical and high-latitude climate vari-
ability during past abrupt climate events in order to gain insight into the
mechanisms of global climate change. Here we present alkenone sea surface
temperature (SST) records from the tropical South China Sea that show an
abrupt temperature increase of at least 1°C at the end of the last glacial period.
Within the recognized dating uncertainties, this SST increase is synchronous
with the Bolling warming observed at 14.6 thousand years ago in the Greenland

Ice Sheet Project 2 ice core.

Previous studies of the phase relation be-
tween tropical and high-latitude warming
during the last deglaciation came to con-
trasting conclusions: the tropical ocean was
either synchronous with (/) or led (2, 3) the
Northern Hemisphere deglacial tempera-
ture increase. Antiphasing between changes
in tropical Atlantic SST and temperature
over Greenland is expected based on the
bipolar see-saw mechanism (4). But
the timing of deglacial SST increases in the
Pacific and Indian Oceans relative to high-
latitude warming is still controversial. On
the basis of a radiocarbon-dated alkenone
thermometry (UX,,)-SST record from the
tropical northwestern Indian Ocean, Bard et
al. (1) inferred an interhemispheric syn-
chrony of deglacial warming in the Arabian
Sea and Greenland, specifically during the
Bolling Transition at the end of the last
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glaciation. However, this Indian Ocean
U¥,_-SST change leads planktonic forami-
niferal 8'¥0 from the same core (5) during
this abrupt event. A similar lead of forami-
niferal Mg/Ca-derived SST estimates ver-
sus 8'80, as well as the correspondence
between equatorial Pacific foraminiferal
Mg/Ca and Antarctic temperature records,
however, prompted Lea et al. (2) to postu-
late a lead of tropical Pacific deglacial SST
increase versus ice volume, and a syn-
chroneity with Antarctic warming during
deglaciation.

Here we present two high-resolution,
accelerated mass spectrometry (AMS) '*C-
dated UX,,-SST and foraminiferal &'*O
records (Fig. 1, A and B) (6) from the
tropical southern South China Sea (SCS), a
non-upwelling environment within the
Western Pacific Warm Pool (WPWP), that
cover the late glacial-to-Holocene transi-
tion. Sediment cores 18252-3 and 18287-3
were retrieved from the southwestern
(9°14'N, 109°23'E, 1273-m water depth)
and southern (5°39'N, 110°39'E, 598-m
water depth) SCS, respectively. According
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to the radiocarbon chronologies, both cores
have sedimentation rates of 20 to >60 cm/
thousand years (cm/ka). Core 18287-3 con-
tains an undisturbed hemipelagic sequence,
whereas core 18252-3 contains several
small turbidites (1 to 5 cm thickness) in the
lower part of the core (Fig. 1A) (7) that are
readily identified macroscopically and by
bulk sediment geochemistry (§).

The late glacial parts of the two down-
core records show low SSTs of about
25.2°C and 25.9°C in cores 18252-3 and
18287-3, respectively, and high planktonic
8'*0 values (about —1.5%o). In contrast, the
Holocene displays warm temperatures of
26.5° to 28.0°C and 27.2° to 28.3°C in
cores 18252-3 and 18287-3, respectively,
and low 8'*0 values of about -3.1%o (Fig.
I, A and B). The SST difference between
the late glacial and the Holocene of up to
3°C  agrees with previous U®,,-SST
records from the southern SCS (9) and
corroborates the growing body of evidence
from alkenone (/, 3, 9) and foraminiferal
Mg/Ca (2, 10) paleothermometry for a trop-
ical glacial cooling of ~3°C. In both
records, planktonic 8'*O and U¥,,-SST es-
timates vary in concert during the transition
from the late glacial to the Holocene, in-
cluding much of the high-resolution, small-
scale variability (Fig. 1, A and B). The
most prominent event in both records is the
abrupt warming of at least 1°C at 385 to
405 cm in core 18252-3, and at 435 to 450
cm in core 18287-3 (Fig. 1, A and B).

The 8'*0 and U*,,-SST trends at both
SCS sites are interpreted to uniquely reflect
changes in local sea surface conditions,
unaffected by variations in, for example,
riverine input, advection of different water
masses, or upwelling. This assertion is
based not only on the similarity of both
records despite the different local setting of
the core sites but is corroborated by plank-
tonic foraminiferal census counts (core
18287-3; 11), as well as organic 8'*C and
inorganic (major/minor element composi-
tion) geochemical data from both cores (&)
that do not show any significant variability
associated with this particular warming
event.

The abrupt deglacial warming event is
the largest amplitude signal in SCS sedi-
mentary records as well as the Greenland
isotope record, and in both locations it is
larger than the analytical error of the UX, -
SST estimates and planktonic foraminiferal
380 determinations (6). The extreme ra-
pidity of the event in the SCS is analogous
to the Bolling Transition in the Greenland
ice cores (Fig. 1C). Two independent lines
of evidence, each of which has been used in
previous studies to establish phasing rela-
tions between tropical and high-latitude cli-
mate, suggest synchroneity (referring to
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synchronous timing within the inevitable
uncertainties of radiocarbon dating) of this
warming in the SCS and at the Bolling
Transition in Greenland. First, the midpoint
of the abrupt warming in the southern SCS
has interpolated AMS '#C ages of 15,140/
14,600/14,400 (core 18252-3) and 14,570
(core 18287-3) calibrated years (/2). Thus,
within the lo range of the calibrated AMS
14C dates (/2), these ages are identical with
the age of the midpoint in the Greenland

warming of 14,660 * 300 years ago (/3),
as measured by the Greenland Ice Sheet
Project 2 (GISP2). The ages of the mid-
point of the warming event in both SCS
cores are not interpolated over any major
change in sedimentation rates as inferred
from unchanged bulk sediment geochemis-
try (8) between the AMS '*C control
points. Moreover, the calibrated AMS '*C
ages have been derived assuming a minimal
average oceanic resevoir age of —400 years
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Fig. 1. Planktonic 3'80
and UX,, SST estimates
of core 18252-3 (A)
and core 18287-3 (B)
5 from the southern
South China Sea versus
core depth. Conven-
tional AMS 4C ages
(bold numbers) are de-
noted by triangles on
the upper x axes. Error
bars show the SD of
multiple isotope analy-
S ses and UK,, SST esti-
Modern  SST
|25 values at both sites
1 are indicated by ar-
rows on the y axes. The
thin turbidites in core
18252-3 are indicated
by vertical bars. All tur-
SURE bidites are considered
instantaneous deposits.
Thus, the radiocarbon
age of 12,250 (335 cm)
is assigned to the base
of the turbidite at 333
to 338 c¢m for linear in-
terpolation of the mid-
point of the warming
at 392.5 cm (72). Using
the radiocarbon age of
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tween the two turbid-
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'-""‘-‘_ ’ tion yields identical
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of the warming. (C)
UK,,-SST records  of
cores 18252-3 and
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southern SCS on their
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time scales versus the
GISP2 880 record (32)
on the time scale of
(73). Note that the
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(14). Adopting a larger reservoir effect (15)
would result in a lag of SCS versus Green-
land warming rather than a lead. Second,
based on the revised chronology of the
deglacial rise in sea level from the southern
SCS (16), the first major melt water pulse
(MWP 1A) occurred at 14.6 to 14.3 thou-
sand years ago (ka), synchronous (within
dating uncertainties) with the Bolling Tran-
sition warming in Greenland. MWP 1A is
associated with a decrease of 880, ..
of up to ~0.2%., which should also be
reflected in a synchronous (/7) step-like
decrease of 8'30 ... (6). In both SCS
cores, there is no indication for such a
sustained decrease of 8'%0,,,. either
preceding or postdating the abrupt increase
in UX,,-SSTs (Fig. 1, A and B). Thus, the
380 decrease related to MWP 1A most
likely occurs synchronously with the tem-
perature-related 8'*0y ., decrease dur-
ing the Belling Transition in the SCS, thus
increasing its amplitude slightly. This evi-
dence also corroborates synchronous
warming during the Bglling Transition in
the southern SCS and Greenland. Accord-
ingly, neither SCS core supports the idea
that tropical SST increases led Greenland
warming during the Bolling Transition. On
the contrary, the records support earlier
findings (/) from the northern Indian Ocean
of synchronous deglacial warming in the
tropics and high northern latitudes.

Previous records from the SCS dis-
played a similar parallelism between UX, -
SST and 8'%0; ..., (9). There is, however,
no radiocarbon age control for the abrupt
deglacial warming in core 17964-3
(6°09'N, 112°13'E) from the southern SCS,
and the midpoint of the abrupt warming in
the northern SCS (core 17940-2; 20°07'N,
117°23’E) is radiocarbon dated at 15,970
years (/8). This large difference in the
radiocarbon age between the warming in
northern (core 17940-2; 9) and southern
(this study) SCS is most likely due to a
significantly higher reservoir age at the
northern site, possibly caused by the advec-
tion of old Pacific intermediate- to deep-
water masses (15).

The close parallelism between 3'%0; ...,
and UX,.-SSTs during the last deglaciation
in the SCS contrasts markedly with the lead
of UX,,- and Mg/Ca-SST estimates over
3'%0, .., in the Arabian Sea (1, 19), the
equatorial Pacific (2), and the tropical At-
lantic (3, 10). The variability of SST in the
equatorial Pacific upwelling region during
the last 250,000 years has previously been
interpreted to reflect variable horizontal
and/or vertical advection of different water
masses (20), processes that are not likely to
have affected the SCS given the secluded
nature of the basin, particularly during gla-
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cial and early deglacial sea-level low-
stands. Thus, equatorial open-ocean SST
variability could be substantially influ-
enced by changes in large-scale oceanic
circulation patterns, which appear to show
an early response to Southern Hemisphere
deglaciation (20, 21), and may not affect
the surface ocean in semi-enclosed margin-
al basins such as the SCS. The tropical SST
records examined here suggest a diverse
pattern of temporal changes in different
parts of the tropical ocean during the gla-
cial-interglacial transition.

Lastly, despite the very different tempo-
ral records of the onset of deglacial warm-
ing in various tropical marine records, there
appears to be strong evidence that tropical
Holocene SSTs increased steadily from
~10 to 6 ka, stabilizing thereafter (7, 3, 9,
this study). In contrast, high-resolution
mid- and high-northern latitude deglacial
UK,_-SST records (22-25) show an early
Holocene SST optimum at ~10 to 9 ka.
The establishment of maximum SSTs in the
tropics after ~6 ka implies a stronger lati-
tudinal SST contrast between ~10 and 6
ka, at the same time as an increased con-
trast in seasonal insolation evolved be-
tween the equator and high latitudes (26).
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