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Abstract

Core OKI-152 is one of the best-dated late Holocene cores from the middle Okinawa Trough. The chronological framework
and high resolution of this core can help better interpret the paleoclimatology and paleoceanography at centennial-millennial
timescales. This core has been analyzed using the alkenone unsaturation index (UX';,) to determine the sea surface tem-
peratures over the last 3.6 kyr. Temperatures obtained from the core-top sample and the 3.6-kyr-averaged temperatures cor-
respond well to the mean annual sea surface temperature (SST) at this location. The SSTs were lower during three periods
in 3.6-2.7, 2.0-1.0, and 0.6-0 cal kyr BP, which corresponded to the Neoglacial Period, Dark Age Cold Period, and Little
Ice Age, respectively. The variations in the UX';,-derived SSTs in core OKI-152 were not correlated with the high-latitude
North Atlantic climate but were synchronous with those of the western Pacific and the El Nifio Southern Oscillation (ENSO)
variability at low latitudes. When compared with SST signals from the southern Okinawa Trough, the differences in the
SST (ASST) between the southern and middle Okinawa Trough over the past 3.6 kyr were mainly controlled by the input of
freshwater from Taiwan. This result indicates that the East Asian monsoon could influence the SSTs in the Okinawa Trough
by modulating precipitation. Modern observations, paleoceanographic proxies, and modeling studies are needed to further
understand the interactions among the Okinawa Trough, Pacific Ocean, and East Asian monsoon system.
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millennial-scale SST variations in the Okinawa Trough dur-
ing the Holocene. High-resolution records during the late
Holocene indicated a coupled evolution among SST, the
EAM, and ENSO in the Okinawa Trough (Wu et al. 2012).
Ruan et al. (2015) reported that the SST in the southern
Okinawa Trough has decreased since the mid-Holocene, fol-
lowing the declining trend in Northern Hemisphere summer
solar insolation. A recent study showed that the Holocene
SST variations in the southern Okinawa Trough have been
predominantly controlled by SST variations in the western
tropical Pacific Ocean (Xu et al. 2018). Thus, there are sci-
entific debates regarding the climatic forcing mechanisms,
i.e., high- or low-latitude forcing, in this region.

The alkenone unsaturation index (UX';,) is a reliable
and efficient parameter that cannot be altered by terrige-
nous material inputs (Villanueva et al. 1997), water salin-
ity (Sonzogni et al. 1997), or early diagenesis (Conte et al.
1992). The U¥,; index has been widely used for quanti-
tative SST reconstructions in global ocean regions (e.g.,
Prahl and Wakeham 1987; Miiller et al. 1998; Kim et al.
2010), including the Okinawa Trough (e.g., Zhao et al. 2005,
2015; Xu et al. 2018). These studies have mainly focused on
the glacial-interglacial scale (Zhao et al. 2005; Zhou et al.
2007), the last deglaciation (Ruan et al. 2015; Zhao et al.
2015), and the Holocene period (Meng et al. 2003; Xu et al.
2018). However, high-resolution studies on the variations
in UK'37—derived SST in the Okinawa Trough during the
late Holocene remain very limited due to the relatively low
sedimentation rate. In this new study, a 415-cm-long core
spanning the past 3.6 kyr from the middle Okinawa Trough
is selected to quantify the high-resolution SST variations. To
the best of our knowledge, this core is one of the best-dated
late Holocene cores from the middle Okinawa Trough and
has one of the highest temporal resolutions. Furthermore,
the responses of SST in the study region to high- and low-
latitude climate changes and the EAM are discussed.

Oceanographic setting

The Kuroshio Current, which originates from the North
Equatorial Current, enters the East China Sea along the east
side of Taiwan Island and flows northward over the western
slope of the Okinawa Trough. The Kuroshio Current not
only controls the physical oceanography and sedimentary
environment of the region but also imports information from
the open ocean (Li and Chang 2009). This current is one
of the most important factors controlling the marine envi-
ronment and hydrological characteristics in the Okinawa
Trough. When the sea level reached its highstand at 7 cal
kyr BP, the SST in the Okinawa Trough was mainly con-
trolled by the intensity of the Kuroshio Current and was less
affected by Chinese coastal cold waters which was related to
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the intensification of the East Asian winter monsoon (Jian
et al. 2000; Xu et al. 2018).

Taiwan Island is located southwest of the Okinawa
Trough. The climate of Taiwan Island is mainly influenced
by the EAM and has relatively cool winters and warm sum-
mers (15-18 °C in January and February, 24-28 °C in July
and August; Li et al. 2012). Taiwan is primarily influenced
by the summer monsoon superimposed by episodic tropi-
cal cyclones (typhoons), which bring abundant rainfall from
the western tropical Pacific (greater than 90 x 10° m*/yr; Li
et al. 2012). The southern Okinawa Trough is heavily influ-
enced by abundant freshwater from small mountainous riv-
ers draining Taiwan Island; for example, the runoff of the
Lanyang River is 2.8 X 10° m*/yr (Li et al. 2012), while such
water has a limited effect on the middle Okinawa Trough
because of the limited amount of water discharge to the
ocean and its far distance from land.

Materials and methods

Core OKI-152 (127.35° E, 28.41° N, water depth 1145 m,
Fig. 1) was collected from the middle Okinawa Trough using
a gravity corer by the R/V Haidahao in 2015. The 415 cm
long core was subsampled at 2 cm intervals. The core mainly
consisted of gray silty clay, with no apparent bioturbation,
tephra, or turbidite layers.

Nine AMS !*C dating samples of the planktonic foramini-
fer G. ruber were analyzed at Beta Analytic Inc., USA. The
raw AMS '“C dates were converted to calendar ages (yr BP)
by applying the Marinel3 curve using CALIB 7.0.2 soft-
ware (Reimer et al. 2013). The AR value of 40 +31 yr (the
local difference in reservoir age from 400 yr in the Okinawa
Trough) was adopted according to a previous study (Xu et al.
2018). A total of 89 samples were collected for alkenone
analysis in a laboratory at Zhejiang University, following
the methods described in He et al. (2014). The UX';; values
and corresponding temperatures were calculated according
to Prahl et al. (1988).

Results
Age model

As shown in Table 1, the AMS '"C and calibrated ages
showed no reversed dates, and the errors in the calibrated
ages were mostly less than + 100 yr. However, the calendar
age for the depth of 120 cm was only slightly older than
the upper overlying age at the depth of 80 cm (368 and
353 cal yr BP, respectively). For the depth of 120 cm, the
830 and 8'3C values (0.2 and 0.4, respectively) are obvi-
ously different from those of the other layers (Table 1) and
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Fig.1 A schematic map showing the study area and topography of
the Okinawa Trough. Locations of core OKI-152 (red dot) and other
paleoenvironmental settings, including cores DGKS9603 (Liu et al.
1999), DGKS9604 (Dou et al. 2012), and A7 (Sun et al. 2005) in the
middle Okinawa Trough; cores MD05-2908 (Chen et al. 2019) and
ODP 1202B (Ruan et al. 2015) in the southern Okinawa Trough; core

132° E

MD98-2176 in the western Pacific (Stott et al. 2004); core TFL-1
from Tsuifong Lake in northeastern Taiwan (Wang et al. 2015); core
MDO063040 in the inner shelf of the East China Sea (Kajita et al.
2018); and core GHO9B from Gonghai Lake, North China (Chen
et al. 2015). The ocean current patterns were modified from Xu et al.
(2018)

Table 1 AMS 'C and calendar

Depth (cm) Betalab code 8'3C (%0) 8'%0 (%0) Conventional 2 o Range of Calendar
ages for core OKI-152 age +error (yr calendar age (cal age (cal yr

BP) yr BP) BP)

30 Beta-434817 1.6 -1.7 740+30 265-440 353

120 Beta-434818 0.4 0.2 760+30 280-455 368

200 Beta-434819 1.0 -1.2 1610+30 1040-1230 1135

240 Beta-434820 1.1 -13 2350+30 1825-2025 1925

280 Beta-434821 1.6 -0.8 2800+30 2340-2665 2503

320 Beta-434822 1.6 -1.2 3180+30 2815-3040 2928

360 Beta-434823 14 -0.9 3300+30 2955-3200 3078

400 Beta-434824 1.5 —-1.1 3680+30 3440-3635 3538

412 Beta-434825 1.1 -1.0 3750+30 3535-3725 3630

those of other cores in the Okinawa Trough. The planktonic
foraminiferal 8'80 value is mainly controlled by the global
ice volume, regional SST, and salinity (Li et al. 2007). The
8'3C value is affected by the surface water in the open area
of the Northwest Pacific and the terrigenous dilute water
(Sun et al. 2007). The 5'%0 values of G. ruber and N. duter-
trei in core DGKS9603 (Li et al. 2001), G. ruber in core A7
(Sun et al. 2005), N. dutertrei in core ODP 1202B (Wei et al.
2005), and G. sacculifer in core DGKS9604 (Yu et al. 2009)

were all negative during the Holocene. The §'*C values of G.
ruber and N. dutertrei in core DGKS9603 (Li et al. 2002),
N. dutertrei in core ODP 1202B (Wei et al. 2005) and core
DGKS9604 (Yu et al. 2009) are all > 1.0 since 6 cal kyr BP.
Compared with the §'30 values of G. ruber in the adjacent
core DGKS9603 (Li et al. 2001), our 8180 values are higher,
indicating that the SST was much lower than the period of
the last glacial maximum and the Heinrich events. Compared
with the 8'°C values of G. ruber in core DGKS9603 (Li
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et al. 2002), our 813C values are lower, indicating that our
study area was more influenced by the surface water of the
tropical Pacific. However, this is not the case. It is widely
known that the climate is warmer during the Holocene than
during the period of the last glacial maximum and the Hein-
rich events, and there are no significant strengthened impacts
of tropical Pacific water during this period (Li et al. 2001,
2002). Our records also reveal no significant SST variations
during this period (see below). These results should indicate
that some impurities might have been mixed with the dating
samples. Thus, the 368 cal yr BP age at 120 cm was rejected
in the final age model in this study. The timescale was con-
structed using linear interpolation and extrapolation between
the eight remaining dates (Fig. 2). Since sediment from core
OKI-152 was retrieved in 2015, the core-top age was con-
sidered — 65 cal yr BP, which was similar to the extrapolated
age of — 168 yr and within the analytical error of the AMS
14C method. The AMS !*C dates suggest that core OKI-152
represents a complete high-resolution sediment record of the
last 3.6 kyr. The linear sedimentation rates of core OKI-152
ranged from 51 to 267 cm/kyr, with an average of 114 cm/
kyr. The average temporal resolution of the samples was
approximately 41 yr.

Xiong et al. (2005) found that the Holocene linear sedi-
mentation rates in the Okinawa Trough generally ranged
from 6.3 to 38.8 cm/kyr, with an average of 20.2 cm/kyr. The
sedimentation rates for the past 4-5 kyr in several cores col-
lected near OKI-152 (Fig. 1), e.g., DGKS9603 (~ 6 cm/kyr,
1 AMS !C data, Liu et al. 1999), A7 (~ 14 cm/kyr, 2 AMS
14C data, Sun et al. 2005), and DGKS9604 (~20 cm/kyr,
2 AMS C data, Dou et al. 2012), were much lower than
those of the results in this study. To the best of our knowl-
edge, OKI-152 is one of the best-dated cores from the mid-
dle Okinawa Trough with the highest temporal resolution.
Thus, the chronological framework and higher resolution of
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Fig.2 Age model and sedimentation rate of core OKI-152 in the mid-
dle Okinawa Trough. LSR, linear sedimentation rates
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this core can help better interpret the paleoclimatology and
paleoceanography at centennial-millennial timescales.

UX';,-derived temperatures in core OKI-152

Over the past 3.6 kyr, the UK'37 index in core OKI-152 has
ranged from 0.88 to 0.94, which corresponds to temperatures
ranging from 24.8 to 26.6 °C (Fig. 3a). The UK’37—derived
temperature obtained from the core-top sample of core OKI-
152 is 25.3 °C, while the 3.6-kyr-averaged temperature is
25.6 °C. These values are comparable to the mean annual
SST at this location (25.31+0.27 °C, 1955-2012, https://
odv.awi.de/data/ocean/world-ocean-atlas-2013/). Multiple
studies have found that the alkenone temperature is a reliable
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Fig.3 Comparison of UX';;-derived SSTs from core OKI-152 in the
middle Okinawa Trough (a, this study) with the UX';,-derived SSTs
from core MD063040 in the inner shelf of the East China Sea (b,
Kajita et al. 2018), the reconstructed annual precipitation (P,yy) from
core GHO9B sediments in Gonghai Lake, North China (c, Chen et al.
2015), and Mg/Ca-based SSTs from core MD98-2176 in the western
tropical Pacific (d, Stott et al. 2004). The red color intensity of the
sediments from Laguna Pallcacocha, southern Ecuador, shows ENSO
variability (e, Moy et al. 2002), and the stacked hematite-stained
grains of sediments are from the North Atlantic (f, Bond et al. 2001).
The black and red solid curves were smoothed with 3-point running
averages. Blue crosses show the age control points. LIA, Little Ice
Age; MCA, Mediaeval Climate Anomaly; DACP, Dark Age Cold
Period; and NP, Neoglacial Period
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and effective indicator of early summer coccolith bloom-
ing and is roughly equivalent to the annual mean tempera-
ture (D’Andrea et al. 2011; Longo et al. 2018; Lacka et al.
2019). The Okinawa Trough region is also one of the most
rapidly warming regions due to anthropogenic forcing. The
summer SST has already warmed by 0.65 +0.21 °C com-
pared with the preindustrial background level (Seki et al.
2012). Although core OKI-152 is one of the best-dated cores
from the middle Okinawa Trough with the highest temporal
resolution, there are still+ 100 yr errors in the calibrated
ages. Thus, the instrumental temperature records can still be
roughly compared with the core-top UX';.-derived SST data.
Our results indicated that the UX';,-derived temperature can
be reliably used to represent the annual mean SST, which
is consistent with previous studies (e.g.Nakanishi et al.
2012; Kim et al. 2015; Ruan et al. 2015; Xu et al. 2018).
The SST fluctuated over time, with a relatively cold period
from 3.6 to 2.7 cal kyr BP (average 25.6 +0.4 °C), a warm
period from 2.7 to 2.0 cal kyr BP (average 25.9+0.4 °C),
and long-term cold conditions from 2.0 to 1.0 cal kyr BP
(average 25.4+0.3 °C). The SST fluctuated moderately
at the centennial timescale from 1.0-0 cal kyr BP, with a
relatively warm period from 1.0 to 0.6 cal kyr BP (average
25.8+0.3 °C) and a cold period from 0.6 to O cal kyr BP
(average 25.6+0.3 °C) (Fig. 3). The amplitude of the SST
variation in core OKI-152 was~ 1.7 °C.

Discussion
SST evolution and low-latitude climatic forcing

The SST fluctuated sharply with a relatively cold period
from 3.6 to 2.7 cal kyr BP (average 25.6 +0.4 °C). Between
4.0 and 2.5 cal kyr BP, an increase in cold-water planktonic
foraminiferal species and a remarkable decrease in the Kuro-
shio water species (Pulleniatina obliquiloculata) occurred
in the northern East China Sea (Kim and Lim 2014). Simi-
lar records of the so-called Pulleniatina minimum event,
which suggests a weakened Kuroshio Current influence,
have been widely found in the Okinawa Trough (4-2 cal
kyr BP, Jian et al. 1996; Li et al. 1997). This cold period
coincides with a series of glacier advances during the late
Holocene (~3.5-2.5 cal kyr BP), which is defined as the
Neoglacial Period (Porter and Denton 1967; Solomina et al.
2015; Denton and Karlén 2017), although this is not widely
recognized in the community (Kullman 1989).

The UX';,-derived SST in core OKI-152 reflects long-
term cold conditions from 2.0 to 1.0 cal kyr BP (average
25.4+40.3 °C). Lamb (1982) found that a generally cold cli-
mate occurred from 1.55 to 1.05 cal kyr BP in Europe and
defined this period as the Dark Age Cold Period. However,
the starting and ending dates of the Dark Age Cold Period

varied greatly among different areas (Helama et al. 2017,
and references therein). In East Asia, the Dark Age Cold
Period has also been reported in the Wanxiang record from
Gansu Province (~1.75-1.0 cal kyr BP, Zhang et al. 2008),
the western Nanling Mountains, South China (1.7-1.0 cal
kyr BP, Zhong et al. 2014), Lake Qinghai, China (1.5-1.1 cal
kyr BP, Liu et al. 2006), and other regions. Thus, the long-
term cold period from 2.0 to 1.0 cal kyr BP may correspond
to the Dark Age Cold Period.

The SST fluctuated moderately at the centennial time-
scale from 1.0 to O cal kyr BP, with a relatively warm period
from 1.0 to 0.6 cal kyr BP (average 25.8+0.3 °C) and a
cold period from 0.6 to 0 cal kyr BP (average 25.6 +0.3 °C),
corresponding to the widely known Medieval Warm Period
(also known as the Mediaeval Climate Anomaly, MCA) and
the Little Ice Age (LIA), respectively (Mann and Jones 2003;
IPCC 2007; Mann et al. 2009; Liu et al. 2011; Wang et al.
2013b; Zhu et al. 2017; Neukom et al. 2019; Nakatsuka et al.
2020). The MCA and LIA are commonly associated with
warm and cold temperatures during 1.15-0.75 cal kyr BP
(800-1200 AD) and 0.65-0.1 cal kyr BP (1300-1850 AD),
respectively, with different regional patterns (Mann et al.
2009; Cook et al. 2013; PAGES 2k Consortium 2013; Neu-
kom et al. 2019). As shown in Fig. 3a, the coldest tempera-
ture of the last millennium occurred during the nineteenth
century. This result is consistent with the global paleocli-
mate reconstructions for the past 2 kyr (Neukom et al. 2019).

The SST variations in the Okinawa Trough have been
ascribed to sea-level variations (Zhao et al. 2015) and
changes in the EAM and Kuroshio Current related to cli-
matic changes in the high-latitude North Atlantic (Jian et al.
2000; Sun et al. 2005; Kubota et al. 2010; Ruan et al. 2015;
Zhao et al. 2015) and/or low-latitude western tropical Pacific
Ocean (Xu et al. 2018). The sea level was relatively stable
during the late Holocene (Liu et al. 2004; Xue 2014). Thus,
sea-level changes had minimal effects on the SST variations
in core OKI-152. The variations in the UX';,-derived SST
from core OKI-152 over the past 3.6 kyr (Fig. 3a) are incon-
sistent with the UX';,-derived SSTs from core MD063040
recovered from the inner shelf of the East China Sea, which
were strongly affected by the terrestrial climate because of
its proximity to land (Fig. 3b, Kajita et al. 2018). The vari-
ations in the UX';,-derived SST from core OKI-152 are also
inconsistent with the variations in pollen-based EAM pre-
cipitation (Fig. 3c, Chen et al. 2015). Our records are similar
to the variations in the Mg/Ca-based SST in the low-latitude
western Pacific (Fig. 3d, Stott et al. 2004) and roughly the
ENSO variability (Fig. 3e, Moy et al. 2002). However, these
SST variations do not resemble the variations in the stacked
hematite-stained grains of sediments from the North Atlan-
tic (Fig. 3f, Bond et al. 2001), although some cold periods
might be tentatively correlated with the North Atlantic ice-
rafted debris events.
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In fact, the changes in SST in the western Pacific could
restrict climate changes in the Asia—Pacific region and even
across the world (Alexander et al. 2002; Wang et al. 2013a). In
modern times, the SST variations in the Okinawa Trough have
also been synchronous with those in the western Pacific (Di
Lorenzo et al. 2010). Regarding this variability, previous stud-
ies have proposed two main driving mechanisms: the coupled
air-sea interaction in the tropical Pacific Ocean can produce
interdecadal changes and affect the mid-latitude Pacific Ocean
via atmospheric teleconnection (Trenberth 1990; Graham et al.
1994, Di Lorenzo et al. 2010), and the heat transfer in ocean
and atmospheric processes in the mid-latitude Pacific Ocean
could be stored in the ocean and then transported to the trop-
ics via ocean circulation, thus forming the SST variability in
the Pacific Ocean (Latif and Barnett 1996; Jin et al. 2001).
Xu et al. (2013) showed that over the past 40 kyr, the SSTs in
the Okinawa Trough have been influenced predominantly by
heat transfer from the tropical western Pacific by the Kuro-
shio Current. Recently, we found that the Holocene SST vari-
ations in the southern Okinawa Trough were predominantly
controlled by the low-latitude western tropical Pacific and not
so much by the high-latitude North Atlantic (Xu et al. 2018).
Our new results indicate that the SST variations in the middle
Okinawa Trough over the past 3.6 kyr are correlated with those
in the low-latitude western Pacific on centennial-millennial
timescales.

Our study area is also affected by the ENSO (Hu et al. 2015;
Zheng et al. 2016; Chen et al. 2019; Asami et al. 2020). As
shown in Fig. 3¢, on centennial-millennial timescales, the vari-
ations in the UK'37-derived SSTs of core OKI-152 are roughly
similar to the variations in the ENSO as determined from the
red color intensity of clastic layers in lake sediments in south-
ern Ecuador produced by moderate-to-strong El Nifio events
(Moy et al. 2002). Di Lorenzo et al. (2010) showed that the
SST anomaly in the Okinawa Trough induced by the Cen-
tral Pacific El Nifio is similar to the SST anomaly in the low-
latitude western Pacific. Several studies have argued that the
climate of coastal East Asia has been predominantly controlled
by ENSO in the late Holocene (Park 2017). As the main source
of heat, the low-latitude Pacific should contribute more than
the high-latitude North Atlantic to the Okinawa Trough via the
Kuroshio Current and ENSO during the late Holocene. Thus,
as the “firebox” of the Earth weather system (Kerr 2001), low-
latitude tropical oceans, especially the tropical western Pacific,
and their effect on centennial- to millennial-scale paleocean-
ography changes in the Okinawa Trough should be the focus
of more studies in the future.

Monsoon and rainfall influence on temporal-
and spatial-scale variations in SST

The SST variations in the Okinawa Trough were also
influenced by changes in the EAM (Sun et al. 2005; Ruan
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Fig.4 Comparison of UX';,-derived SST from core OKI-152, middle
Okinawa Trough (a, this study), with UK'37—derived temperatures from
core ODP 1202B in the southern Okinawa Trough (b, Ruan et al.
2015); the ASST between the southern and middle Okinawa Trough
over the past 3.6 kyr (c, this study; Ruan et al. 2015); the pollen
records derived from core TFL-1 sediments from Tsuifong Lake in
northeastern Taiwan (d, Wang et al. 2015); the TOC record from core
MD05-2908 in the southern Okinawa Trough (e, Chen et al. 2019);
and the reconstructed annual precipitation (P,yy) from core GHO9B
sediments in Gonghai Lake, North China (f, Chen et al. 2015). The
black solid curve was smoothed with 3-point running averages

et al. 2015; Zhao et al. 2015; Asami et al. 2020). However,
whether the temperature changes vary synchronously with
the EAM is debatable (Peterse et al. 2011; Wu et al. 2017).
Previous studies have shown that temperature and the EAM
were decoupled during the last deglaciation on Jeju Island,
South Korea, which is adjacent to the Okinawa Trough (Park
et al. 2014). Low-resolution records have also suggested that
the SST variations in the Okinawa Trough were decoupled
from the EAM system during the Holocene (Xu et al. 2018).
The previously published high-resolution UX';,-derived
annual mean SST record from core ODP 1202B in the south-
ern Okinawa Trough (Ruan et al. 2015) facilitates compari-
sons with our records. As shown in Fig. 4a and b, these two
records showed inconsistent trends. Ruan et al. (2015) sug-
gested that the Holocene SST variations in ODP 1202B in
the southern Okinawa Trough are mediated by a complex
interaction via variations in the EAM and Kuroshio Current.
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However, the SST variations in core OKI-152 in the middle
Okinawa Trough are predominantly controlled by the west-
ern Pacific. Thus, the comparison of high-resolution SST
data between ODP 1202B and OKI-152 in the southern and
middle Okinawa Trough could provide information on the
temporal and spatial scales of the variations in the SST.

The difference in SST (ASST) between the southern and
middle Okinawa Trough over the past 3.6 kyr was calculated
and is shown in Fig. 4c. The pollen records derived from
Tsuifong Lake sediments in northeastern Taiwan (Fig. 4d,
Wang et al. 2015) and the TOC record from core MDO05-
2908 (Fig. 4e, Chen et al. 2019) showed increased Taiwan
rainfall since then. The ASST decreased gradually and cor-
related well with the increased Taiwan rainfall (Wang et al.
2015; Chen et al. 2019). The southern Okinawa Trough was
influenced by freshwater from Taiwan (Ruan et al. 2015;
Chen et al. 2019), while such water had a limited effect on
the middle Okinawa Trough because of far distance. Thus,
the ASST between the southern and middle Okinawa Trough
over the past 3.6 kyr should be mainly controlled by the Tai-
wan freshwater input. When the Taiwan rainfall strengthens,
the increase in the freshwater input could depress the SST
in the southern Okinawa Trough. Consequently, the increase
in the Taiwan rainfall intensity resulted in a more negative
ASST. The long-term reduction in ASST values caused by
the Taiwan rainfall is inversely related to the precipitation
record from North China (Fig. 4f, Chen et al. 2015), further
indicating a dipolar pattern in EAM precipitation, or the so-
called northern drought — southern flood scenario (Kubota
et al. 2010; Chen et al. 2018, 2019; Zhang et al. 2018).

Conclusions

High-resolution studies on the variation in SST in the
Okinawa Trough during the late Holocene are scarce. The
SST record of the last 3.6 kyr was reconstructed to study the
paleoclimatology and paleoceanography.

1) The temperature obtained from the core-top sample
and the 3.6-kyr-averaged temperature of core OKI-152
corresponded well to the modern mean annual SST at
this location. The SSTs were lower during the periods
of 3.6-2.7, 2.0-1.0, and 0.6-0 cal kyr BP, which cor-
responded with the Neoglacial Period, Dark Age Cold
Period, and Little Ice Age, respectively.

2) The variations in the UX';,-derived SSTs in core OKI-
152 were decoupled from the high-latitude North Atlan-
tic climate but coupled with the SSTs in the western
Pacific and the ENSO variability since 3.6 cal kyr BP.
The low-latitude Pacific contributed more than the high-
latitude North Atlantic to the Okinawa Trough via the
Kuroshio Current and ENSO.

3) The ASST between the southern and middle Okinawa
Trough over the past 3.6 kyr was mainly controlled by
the Taiwan freshwater input. More negative ASST val-
ues were caused by stronger Taiwan rainfall, and the
trend was inversely related to the EAM precipitation
record from North China. This finding further indicated
the dipolar pattern of the EAM precipitation.

Acknowledgements We would like to thank Editor Andrew Green and
multiple anonymous reviewers for their constructive comments and
suggestions regarding earlier versions of this paper.

Funding This work was supported by the Paleoceanography Evolu-
tion Research of the Northwestern Pacific (GASI-GEOGEO-04),
the National Natural Science Foundation of China (41776077),
the Shandong Provincial Natural Science Foundation of China
(ZR2020MDO061), and the China Scholarship Council (201906455016).

Data availability All data used in this study are presented in the manu-
script and appendices.

Declarations

Competing interests The authors declare no competing interests.

References

Alexander MA, Bladé I, Newman M, Lanzante JR, Lau N-C, Scott
JD (2002) The atmospheric bridge: the influence of ENSO tel-
econnections on air-sea interaction over the global oceans. J Clim
15(16):2205-2231. https://doi.org/10.1175/1520-0442(2002)
015%3¢2205:TABTI0%3¢2.0.CO;2

Asami R, Yoshimura N, Toriyabe H, Minei S, Shinjo R, Hongo C,
Sakamaki T, Fujita K (2020) High-resolution evidence for
middle Holocene East Asian winter and summer monsoon
variations: snapshots of fossil coral records. Geophys Res Lett
47(16):e2020GL088509. https://doi.org/10.1029/2020GL0O88509

Bond G, Kromer B, Beer J, Muscheler R, Evans MN, Showers W, Hoff-
mann S, Lotti-Bond R, Hajdas I, Bonani G (2001) Persistent solar
influence on North Atlantic climate during the Holocene. Science
294(5549):2130-2136. https://doi.org/10.1126/science. 1065680

Chen F, Xu Q, Chen J, Birks HIB, Liu J, Zhang S, Jin L., An C, Telford
RJ, Cao X, Wang Z, Zhang X, Selvaraj K, Lu H, Li Y, Zheng Z,
Wang H, Zhou A, Dong G, Zhang J, Huang X, Bloemendal J,
Rao Z (2015) East Asian summer monsoon precipitation vari-
ability since the last deglaciation. Sci Rep-UK 5. https://doi.org/
10.1038/srep11186

Chen J, Zhang Z, Liu J, Rao Z, Huang W, Zhang X, Chen S (2018)
“North-South” dipolar mode of precipitation changes in eastern
China extends to the Last Deglaciation. Sci Bull 63(24):1604—
1605. https://doi.org/10.1016/j.scib.2018.12.005

ChenJ, Li T, Nan Q, Shi X, Liu Y, Jiang B, Zou J, Selvaraj K, Li D, Li
C (2019) Mid-late Holocene rainfall variation in Taiwan: a high-
resolution multi-proxy record unravels the dual influence of the
Asian monsoon and ENSO. Palaeogeogr Palaeoclimatol Palaeo-
ecol 516:139-151. https://doi.org/10.1016/j.palaco.2018.11.026

Conte MH, Eglinton G, Madureira LAS (1992) Long-chain alk-
enones and alkyl alkenoates as palacotemperature indicators:
their production, flux and early sedimentary diagenesis in the

@ Springer


https://doi.org/10.1175/1520-0442(2002)015%3c2205:TABTIO%3e2.0.CO;2
https://doi.org/10.1175/1520-0442(2002)015%3c2205:TABTIO%3e2.0.CO;2
https://doi.org/10.1029/2020GL088509
https://doi.org/10.1126/science.1065680
https://doi.org/10.1038/srep11186
https://doi.org/10.1038/srep11186
https://doi.org/10.1016/j.scib.2018.12.005
https://doi.org/10.1016/j.palaeo.2018.11.026

39 Page8o0f 10

Geo-Marine Letters (2021) 41: 39

Eastern North Atlantic. Org Geochem 19(1-3):287-298. https://
doi.org/10.1016/0146-6380(92)90044-X

Cook ER, Krusic PJ, Anchukaitis KJ, Buckley BM, Nakatsuka T,
Sano M, PAGES Asia2k Members (2013) Tree-ring recon-
structed summer temperature anomalies for temperate East Asia
since 800 C.E. Clim Dynam 41:2957-2972. https://doi.org/10.
1007/s00382-012-1611-x

D’Andrea WJ, Huang Y, Fritz SC, Anderson NJ (2011) Abrupt Holo-
cene climate change as an important factor for human migration
in West Greenland. P Natl Acad Sci USA 108(24):9765-9769.
https://doi.org/10.1073/pnas.1101708108

Denton GH, Karlén W (2017) Holocene climatic variations—their
pattern and possible cause. Quaternary Res 3(2):155-205.
https://doi.org/10.1016/0033-5894(73)90040-9

Di Lorenzo E, Cobb KM, Furtado JC, Schneider N, Anderson BT,
Bracco A, Alexander MA, Vimont DJ (2010) Central Pacific El
Nifio and decadal climate change in the North Pacific Ocean.
Nat Geosci 3:762-765. https://doi.org/10.1038/nge0984

Dou Y, Yang S, Liu Z, Shi X, Li J, Yu H, Berne S (2012) Sr-Nd
isotopic constraints on terrigenous sediment provenances and
Kuroshio Current variability in the Okinawa Trough during
the late Quaternary. Palaecogeogr Palaeoclimatol Palaeoecol
365-366:38—47. https://doi.org/10.1016/j.palaco.2012.09.003

Graham NE, Barnett TP, Wilde R, Ponater M, Schubert S (1994) On
the roles of tropical and midlatitude SSTs in forcing interannual
to interdecadal variability in the winter Northern Hemisphere
circulation. J Clim 7(9):1416-1441. https://doi.org/10.1175/
1520-0442(1994)007%3¢c1416:OTROTA %3e2.0.CO;2

He Y, Zhou X, Liu Y, Yang W, Kong D, Sun L, Liu Z (2014) Weak-
ened Yellow Sea warm current over the last 2-3 centuries. Quat
Int 349:252-256. https://doi.org/10.1016/j.quaint.2013.09.039

Helama S, Jones PD, Briffa KR (2017) Dark ages cold period: a
literature review and directions for future research. Holocene
27(10):1600-1606. https://doi.org/10.1177/0959683617693898

Hu D, Wu L, Cai W, Gupta AS, Ganachaud A, Qiu B, Gordon AL,
Lin X, Chen Z, Hu S, Wang G, Wang Q, Sprintall J, Qu T,
Kashino Y, Wang F, Kessler WS (2015) Pacific western bound-
ary currents and their roles in climate. Nature 522(7556):299—
308. https://doi.org/10.1038/nature 14504

IPCC (2007) Climate change 2007: the physical science basis. In:
Solomon S, Qin D, Manning M et al (eds) Contribution of
Working Group I to the Fourth Assessment Report of the Inter-
governmental Panel on Climate Change. Cambridge University
Press, Cambridge

Jian Z, Li B, Pflaumann U, Wang P (1996) Late Holocene cooling
event in the western Pacific. Sci China Ser D 39(5):543-550

Jian Z, Wang P, Saito Y, Wang J, Pflaumann U, Oba T, Cheng X
(2000) Holocene variability of the Kuroshio Current in the
Okinawa Trough, northwestern Pacific Ocean. Earth Planet Sci
Lett 184(1):305-319. https://doi.org/10.1016/S0012-821X(00)
00321-6

Jin F-F, Kimoto M, Wang X (2001) A model of decadal ocean-atmos-
phere interaction in the North Pacific Basin. Geophys Res Lett
28(8):1531-1534. https://doi.org/10.1029/2000GL008478

Kajita H, Kawahata H, Wang K, Zheng H, Yang S, Ohkouchi N, Utsu-
nomiya M, Zhou B, Zheng B (2018) Extraordinary cold episodes
during the mid-Holocene in the Yangtze delta: interruption of the
earliest rice cultivating civilization. Quat Sci Rev 201:418—428.
https://doi.org/10.1016/j.quascirev.2018.10.035

Kerr RA (2001) The tropics return to the climate system. Science
292(5517):660-661. https://doi.org/10.1126/science.292.5517.
660

Kim S-Y, Lim D-I (2014) Signatures of the late Holocene Neoglacial
cold event and their marine—terrestrial linkage in the northwest-
ern Pacific margin. Prog Oceanogr 124:54-65. https://doi.org/10.
1016/j.pocean.2014.03.010

@ Springer

Kim J-H, van der Meer J, Schouten S, Helmke P, Willmott V, San-
giorgi F, Ko¢ N, Hopmans EC, Damsté JSS (2010) New indices
and calibrations derived from the distribution of crenarchaeal
isoprenoid tetraether lipids: implications for past sea sur-
face temperature reconstructions. Geochim Cosmochim Acta
74(16):4639-4654. https://doi.org/10.1016/j.gca.2010.05.027

Kim RA, Lee KE, Si WB (2015) Sea surface temperature proxies
(alkenones, foraminiferal Mg/Ca, and planktonic foraminiferal
assemblage) and their implications in the Okinawa Trough.
Prog Earth Planet Sci 2(1):1-16. https://doi.org/10.1186/
540645-015-0074-1

Kubota Y, Kimoto K, Tada R, Oda H, Yokoyama Y, Matsuzaki H
(2010) Variations of East Asian summer monsoon since the last
deglaciation based on Mg/Ca and oxygen isotope of planktic
foraminifera in the northern East China Sea. Paleoceanography
25:PA4205. https://doi.org/10.1029/2009PA001891

Kubota Y, Tada R, Kimoto K (2015) Changes in East Asian sum-
mer monsoon precipitation during the Holocene deduced from
a freshwater flux reconstruction of the Changjiang (Yangtze
River) based on the oxygen isotope mass balance in the northern
East China Sea. Clim Past 11(2):265-281. https://doi.org/10.
5194/cp-11-265-2015

Kullman L (1989) Tree-limit history during the Holocene in the
Scandes mountains, Sweden, inferred from subfossil wood. Rev
Palaeobot Palyno 58(2-4):163-171. https://doi.org/10.1016/
0034-6667(89)90083-3

Lacka M, Cao M, Rosell-Melé A, Pawtowska J, Kucharska M, For-
wick M, Zajaczkowski M (2019) Postglacial paleoceanography
of the western Barents Sea: implications for alkenone-based sea
surface temperatures and primary productivity. Quat Sci Rev
224:105973. https://doi.org/10.1016/j.quascirev.2019.105973

Lamb HH (1982) Climate, history and the modern world. Routledge.
Methuen, Boca Raton

Latif M, Barnett TP (1996) Decadal climate variability over the
Northern Pacific and North America : dynamics and predict-
ability. J Clim 9(10):2407-2423. https://doi.org/10.1175/1520-
0442(1996)009%3¢2407:DCVOTN %3¢2.0.CO;2

Li TG, Chang FM (2009) Paleoceanography in Okinawa Trough.
China Ocean Press Beijing (in Chinese)

Li B, Jian Z, Wang P (1997) Pulleniatina obliquiloculata as a pale-
oceanographic indicator in the southern Okinawa Trough dur-
ing the last 20,000 years. Mar Micropaleontol 32(1-2):59-69.
https://doi.org/10.1016/S0377-8398(97)00013-3

Li T, Liu Z, Hall MA, Berne S, Saito Y, Cang S, Cheng Z (2001)
Heinrich event imprints in the Okinawa Trough: evidence from
oxygen isotope and planktonic foraminifera. Palacogeogr Pal-
aeoclimatol Palaeoecol 176(1-4):133—146. https://doi.org/10.
1016/S0031-0182(01)00332-7

Li T, Liu Z, Hall MA, Saito Y, Berne S, Cang S, Cheng Z (2002) A
broad deglacial §13C minimum event in planktonic foraminif-
eral records in the Okinawa Trough. Chin Sci Bull 47(7):599-
603. https://doi.org/10.1360/02tb9159

Li T, Sun R, Zhang D, Liu Z, Li Q, Jiang B (2007) Evolution and
variation of the Tsushima warm current during the late quater-
nary: evidence from planktonic foraminifera, oxygen and carbon
isotopes. Sci China Ser D Earth Sci 50(5):725-735. https://doi.
org/10.1007/s11430-007-0003-2

Li C, Shi X, Kao S, Chen M, Liu Y, Fang X, Lii H, Zou J, Liu S, Qiao
S (2012) Clay mineral composition and their sources for the
fluvial sediments of Taiwanese rivers. Chin Sci Bull 57(6):673—
681. https://doi.org/10.1007/s11434-011-4824-1

Liu ZX, Saito Y, Li TG, Berne S, Cheng ZB, Li PY, Li Z, Guichard
F, Floch G (1999) Study on millennium-scale paleoceanography
in the Okinawa Trough during the late Quaternary. Chin Sci
Bull 44(8):883-887 ((in Chinese))


https://doi.org/10.1016/0146-6380(92)90044-X
https://doi.org/10.1016/0146-6380(92)90044-X
https://doi.org/10.1007/s00382-012-1611-x
https://doi.org/10.1007/s00382-012-1611-x
https://doi.org/10.1073/pnas.1101708108
https://doi.org/10.1016/0033-5894(73)90040-9
https://doi.org/10.1038/ngeo984
https://doi.org/10.1016/j.palaeo.2012.09.003
https://doi.org/10.1175/1520-0442(1994)007%3c1416:OTROTA%3e2.0.CO;2
https://doi.org/10.1175/1520-0442(1994)007%3c1416:OTROTA%3e2.0.CO;2
https://doi.org/10.1016/j.quaint.2013.09.039
https://doi.org/10.1177/0959683617693898
https://doi.org/10.1038/nature14504
https://doi.org/10.1016/S0012-821X(00)00321-6
https://doi.org/10.1016/S0012-821X(00)00321-6
https://doi.org/10.1029/2000GL008478
https://doi.org/10.1016/j.quascirev.2018.10.035
https://doi.org/10.1126/science.292.5517.660
https://doi.org/10.1126/science.292.5517.660
https://doi.org/10.1016/j.pocean.2014.03.010
https://doi.org/10.1016/j.pocean.2014.03.010
https://doi.org/10.1016/j.gca.2010.05.027
https://doi.org/10.1186/s40645-015-0074-1
https://doi.org/10.1186/s40645-015-0074-1
https://doi.org/10.1029/2009PA001891
https://doi.org/10.5194/cp-11-265-2015
https://doi.org/10.5194/cp-11-265-2015
https://doi.org/10.1016/0034-6667(89)90083-3
https://doi.org/10.1016/0034-6667(89)90083-3
https://doi.org/10.1016/j.quascirev.2019.105973
https://doi.org/10.1175/1520-0442(1996)009%3c2407:DCVOTN%3e2.0.CO;2
https://doi.org/10.1175/1520-0442(1996)009%3c2407:DCVOTN%3e2.0.CO;2
https://doi.org/10.1016/S0377-8398(97)00013-3
https://doi.org/10.1016/S0031-0182(01)00332-7
https://doi.org/10.1016/S0031-0182(01)00332-7
https://doi.org/10.1360/02tb9159
https://doi.org/10.1007/s11430-007-0003-2
https://doi.org/10.1007/s11430-007-0003-2
https://doi.org/10.1007/s11434-011-4824-1

Geo-Marine Letters (2021) 41: 39

Page9of10 39

Liu JP, Milliman JD, Gao S, Cheng P (2004) Holocene development of
the Yellow River’s subaqueous delta, North Yellow Sea. Mar Geol
209(1-4):45-67. https://doi.org/10.1016/j.margeo.2004.06.009

Liu Z, Henderson ACG, Huang Y (2006) Alkenone-based reconstruc-
tion of late-Holocene surface temperature and salinity changes in
Lake Qinghai, China. Geophys Res Lett 33:1.09707. https://doi.
org/10.1029/2006GL026151

LiuJ, Chen F, Chen J, Xia D, Xu Q, Wang Z, Li Y (2011) Humid medi-
eval warm period recorded by magnetic characteristics of sedi-
ments from Gonghai Lake, Shanxi, North China. Chin Sci Bull
56(23):2464-2474. https://doi.org/10.1007/s11434-011-4592-y

Longo WM, Huang Y, Yao Y, Zhao J, Giblin AE, Wang X, Zech R,
Haberzettl T, Jardillier L, Toney J, Liu Z, Krivonogov S, Kolpa-
kova M, Chu G, D’Andrea WJ, Harada N, Nagashima K, Sato
M, Yonenobu H, Yamada K, Gotanda K, Shinozuka Y (2018)
Widespread occurrence of distinct alkenones from Group I hap-
tophytes in freshwater lakes: implications for paleotemperature
and paleoenvironmental reconstructions. Earth Planet Sci Lett
492:239-250. https://doi.org/10.1016/j.epsl.2018.04.002

Mann ME, Jones PD (2003) Global surface temperatures over the past
two millennia. Geophys Res Lett 30(15):1820. https://doi.org/10.
1029/2003GL017814

Mann ME, Zhang Z, Rutherford S, Bradley RS, Hughes MK, Shindell
D, Ammann C, Faluvegi G, Ni F (2009) Global signatures and
dynamical origins of the Little Ice Age and Medieval Climate
Anomaly. Science 326(5957):1256-1260. https://doi.org/10.1126/
science.1177303

Meng X, Liu Y, Liu Z, Du D, Huang Q, Saito Y (2003) Reconstructing
sea surface temperature, sea surface salinity and partial pressure
of carbon dioxide in atmosphere in the Okinawa Trough during
the Holocene and their paleoclimatic implications. Chin Sci Bull
48(s1):88-92. https://doi.org/10.1007/BF02900945

Moy CM, Seltzer GO, Rodbell DT, Anderson DM (2002) Variability
of El Nifio/Southern Oscillation activity at millennial timescales
during the Holocene epoch. Nature 420(6912):162-165. https://
doi.org/10.1038/nature01194

Miiller PJ, Kirst G, Ruhland G, von Storch I, Rosell-Melé A (1998)
Calibration of the alkenone paleotemperature index UX';, based
on core-tops from the eastern South Atlantic and the global ocean
(60°N-60°S). Geochim Cosmochim Acta 62(10):1757-1772.
https://doi.org/10.1016/S0016-7037(98)00097-0

Nakanishi T, Yamamoto M, Tada R, Oda H (2012) Centennial-scale
winter monsoon variability in the northern East China Sea dur-
ing the Holocene. J Quat Sci 27(9):956-963. https://doi.org/10.
1002/jqs.2589

Nakatsuka T, Sano M, Li Z, Xu C, Tsushima A, Shigeoka Y, Sho K,
Ohnishi K, Sakamoto M, Ozaki H, Higami N, Nakao N, Yokoy-
ama M, Mitsutani T (2020) Reconstruction of multi-millennial
summer climate variations in central Japan by integrating tree-ring
cellulose oxygen and hydrogen isotope ratios. Clim Past Discuss.
https://doi.org/10.5194/cp-2020-6

Neukom R, Steiger N, Gémez-Navarro JJ, Wang J, Werner JP (2019)
No evidence for globally coherent warm and cold periods over the
preindustrial Common Era. Nature 571:550-554. https://doi.org/
10.1038/541586-019-1401-2

PAGES 2k Consortium (2013) Continental-scale temperature variabil-
ity during the past two millennia. Nat Geosci 6:339-346. https://
doi.org/10.1038/ngeo1797

Park J (2017) Solar and tropical ocean forcing of late-Holocene climate
change in coastal East Asia. Palacogeogr Palaeoclimatol Palaeo-
ecol 469:74-83. https://doi.org/10.1016/j.palaeo.2017.01.005

Park J, Lim HS, Lim J, Park Y-H (2014) High-resolution multi-proxy
evidence for millennial- and centennial-scale climate oscillations
during the last deglaciation in Jeju Island, South Korea. Quat Sci
Rev 105:112-125. https://doi.org/10.1016/j.quascirev.2014.10.
003

Peterse F, Prins MA, Beets CJ, Troelstra SR, Zheng H, Gu Z, Schouten
S, Damsté JSS (2011) Decoupled warming and monsoon precipi-
tation in East Asia over the last deglaciation. Earth Planet Sci Lett
301(1-2):256-264. https://doi.org/10.1016/j.epsl.2010.11.010

Porter SC, Denton GH (1967) Chronology of neoglaciation in the
North American Cordillera. Am J Sci 265(3):177-210. https://
doi.org/10.2475/ajs.265.3.177

Prahl FG, Wakeham SG (1987) Calibration of unsaturation patterns
in long-chain ketone compositions for palacotemperature assess-
ment. Nature 330:367-369. https://doi.org/10.1038/330367a0

Prahl FG, Muehlhausen LA, Zahnle DL (1988) Further evaluation of
long-chain alkenones as indicators of paleoceanographic condi-
tions. Geochim Cosmochim Acta 52(9):2303-2310. https://doi.
org/10.1016/0016-7037(88)90132-9

Reimer PJ, Bard E, Bayliss A, Beck JW, Blackwell PG, Ramsey CB,
Buck CE, Cheng H, Edwards RL, Friedrich M, Grootes PM, Guil-
derson TP, Haflidason H, Hajdas I, Hatté C, Heaton TJ, Hoff-
mann DL, Hughen KA, Kaiser KF, Kromer B, Manning SW, Niu
M, Reimer RW, Richards DA, Scott EM, Southon JR, Staff RA,
Turney CSM, Jvd P (2013) IntCall3 and Marinel3 radiocar-
bon age calibration curves 0-50,000 years cal BP. Radiocarbon
55(4):1869-1887. https://doi.org/10.2458/azu_js_rc.55.16947

Ruan J, Xu Y, Ding S, Wang Y, Zhang X (2015) A high resolution
record of sea surface temperature in southern Okinawa Trough
for the past 15,000 years. Palaecogeogr Palaeoclimatol Palacoecol
426:209-215. https://doi.org/10.1016/j.palaeo.2015.03.007

Seki A, Yokoyama Y, Suzuki A, Kawakubo Y, Okai T, Miyairi Y, Mat-
suzaki H, Namizaki N, Kan H (2012) Mid-Holocene sea-surface
temperature reconstruction using fossil corals from Kume Island,
Ryukyu, Japan. Geochem J 46(3):e27-e32. https://doi.org/10.
2343/geochemj.2.0207

Solomina ON, Bradley RS, Hodgson DA, Ivy-Ochs S, Jomelli V, Mack-
intosh AN, Nesje A, Owen LA, Wanner H, Wiles GC, Young
NE (2015) Holocene glacier fluctuations. Quat Sci Rev 111:9-34.
https://doi.org/10.1016/j.quascirev.2014.11.018

Sonzogni C, Bard E, Rostek F, Dollfus D, Rosell-Melé A, Eglinton
G (1997) Temperature and salinity effects on alkenone ratios
measured in surface sediments from the Indian Ocean. Quat Res
47(3):344-355. https://doi.org/10.1006/qres.1997.1885

Stott L, Cannariato K, Thunell R, Haug GH, Koutavas A, Lund S
(2004) Decline of surface temperature and salinity in the western
tropical Pacific Ocean in the Holocene epoch. Nature 431:56-59.
https://doi.org/10.1038/nature02903

Sun Y, Oppo DW, Xiang R, Liu W, Gao S (2005) Last deglaciation
in the Okinawa Trough: subtropical northwest Pacific link to
Northern Hemisphere and tropical climate. Paleoceanography
20:PA4005. https://doi.org/10.1029/2004PA001061

Sun R, Li T, Zhang D, Li Q, Jiang B (2007) Carbon isotope record
and its environment implication in the Okinawa Trough during
the last 48 kys. Oceanol Limnol Sin 38(4):314-321 ((in Chinese
with English abstract))

Trenberth KE (1990) Recent observed interdecadal climate changes in
the Northern Hemisphere. Bull Am Meteorol Soc 71(7):988-993.
https://doi.org/10.1175/1520-0477(1990)071%3c0988:ROICCI%
3¢2.0.CO;2

Villanueva J, Pelejero C, Grimalt JO (1997) Clean-up procedures for
the unbiased estimation of Cy; alkenone sea surface temperatures
and terrigenous n-alkane inputs in paleoceanography. J Chro-
matogr A 757(1-2):145-151. https://doi.org/10.1016/S0021-
9673(96)00669-3

Wang B, Wu R, Fu X (2013a) Pacific-East Asian teleconnection: how
does ENSO affect East Asian climate? J Climate 13(9):1517—
1536. https://doi.org/10.1175/1520-0442(2000)013%3c1517:
PEATHD%3¢2.0.CO;2

Wang L-C, Behling H, Lee T-Q, Li H-C, Huh C-A, Shiau L-J, Chen
S-H, Wu J-T (2013b) Increased precipitation during the Little

@ Springer


https://doi.org/10.1016/j.margeo.2004.06.009
https://doi.org/10.1029/2006GL026151
https://doi.org/10.1029/2006GL026151
https://doi.org/10.1007/s11434-011-4592-y
https://doi.org/10.1016/j.epsl.2018.04.002
https://doi.org/10.1029/2003GL017814
https://doi.org/10.1029/2003GL017814
https://doi.org/10.1126/science.1177303
https://doi.org/10.1126/science.1177303
https://doi.org/10.1007/BF02900945
https://doi.org/10.1038/nature01194
https://doi.org/10.1038/nature01194
https://doi.org/10.1016/S0016-7037(98)00097-0
https://doi.org/10.1002/jqs.2589
https://doi.org/10.1002/jqs.2589
https://doi.org/10.5194/cp-2020-6
https://doi.org/10.1038/s41586-019-1401-2
https://doi.org/10.1038/s41586-019-1401-2
https://doi.org/10.1038/ngeo1797
https://doi.org/10.1038/ngeo1797
https://doi.org/10.1016/j.palaeo.2017.01.005
https://doi.org/10.1016/j.quascirev.2014.10.003
https://doi.org/10.1016/j.quascirev.2014.10.003
https://doi.org/10.1016/j.epsl.2010.11.010
https://doi.org/10.2475/ajs.265.3.177
https://doi.org/10.2475/ajs.265.3.177
https://doi.org/10.1038/330367a0
https://doi.org/10.1016/0016-7037(88)90132-9
https://doi.org/10.1016/0016-7037(88)90132-9
https://doi.org/10.2458/azu_js_rc.55.16947
https://doi.org/10.1016/j.palaeo.2015.03.007
https://doi.org/10.2343/geochemj.2.0207
https://doi.org/10.2343/geochemj.2.0207
https://doi.org/10.1016/j.quascirev.2014.11.018
https://doi.org/10.1006/qres.1997.1885
https://doi.org/10.1038/nature02903
https://doi.org/10.1029/2004PA001061
https://doi.org/10.1175/1520-0477(1990)071%3c0988:ROICCI%3e2.0.CO;2
https://doi.org/10.1175/1520-0477(1990)071%3c0988:ROICCI%3e2.0.CO;2
https://doi.org/10.1016/S0021-9673(96)00669-3
https://doi.org/10.1016/S0021-9673(96)00669-3
https://doi.org/10.1175/1520-0442(2000)013%3c1517:PEATHD%3e2.0.CO;2
https://doi.org/10.1175/1520-0442(2000)013%3c1517:PEATHD%3e2.0.CO;2

39 Page 100f 10

Geo-Marine Letters (2021) 41: 39

Ice Age in northern Taiwan inferred from diatoms and geochem-
istry in a sediment core from a subalpine lake. J Paleolimnol
49(4):619-631. https://doi.org/10.1007/s10933-013-9679-9

Wang L-C, Behling H, Kao S-J, Li H-C, Selvaraj K, Hsieh M-L, Chang
Y-P (2015) Late Holocene environment of subalpine northeastern
Taiwan from pollen and diatom analysis of lake sediments. J Asian
Earth Sci 114(Part 3):447-456. https://doi.org/10.1016/].jseaes.
2015.03.037

Wei KY, Mii HS, Huang CY (2005) Age model and oxygen isotope
stratigraphy of site ODP1202 in the southern Okinawa Trough,
northwestern Pacific. Terr Atmos Ocean Sci 16(1):1-17. https://
doi.org/10.3319/ta0.2005.16.1.1(ot)

Wu W, Tan W, Zhou L, Yang H, Xu Y (2012) Sea surface temperature
variability in southern Okinawa Trough during last 2700 years.
Geophys Res Lett 39(14):1.14705. https://doi.org/10.1029/2012G
L052749

Wu M-S, Zong Y, Mok K-M, Cheung K-M, Xiong H, Huang G (2017)
Holocene hydrological and sea surface temperature changes in the
northern coast of the South China Sea. J Asian Earth Sci 135:268—
280. https://doi.org/10.1016/j.jseaes.2017.01.004

Xiong Y, Liu Z, Tiegang LI, Liu Y, Hua YU (2005) The sedimentation
rates in the Okinawa Trough during the Late Quaternary. Acta
Oceanol Sin 24(4):146—-154

XuD, LuH, WuN, LiuZ, Li T, Shen C, Wang L (2013) Asynchronous
marine-terrestrial signals of the last deglacial warming in East
Asia associated with low- and high-latitude climate changes. Proc
Natl Acad Sci USA 110(24):9657-9662. https://doi.org/10.1073/
pnas.1300025110

Xu F, Dou Y, LiJ, Cai F, Zhao J, Wen Z, Chen X, Zhang Y, Wang L,
Li H (2018) Low-latitude climate control on sea-surface tempera-
tures recorded in the southern Okinawa Trough during the last
13.3 kyr. Palaeogeogr Palaeoclimatol Palaeoecol 490:210-217.
https://doi.org/10.1016/j.palaco.2017.10.034

Xue C (2014) Missing evidence for stepwise postglacial sea level rise
and an approach to more precise determination of former sea lev-
els on East China Sea Shelf. Mar Geol 348:52-62. https://doi.org/
10.1016/j.margeo.2013.12.004

YuH, Liu Z, Berné S, Jia G, Xiong Y, Dickens GR, Wei G, Shi X, Liu
JP, Chen F (2009) Variations in temperature and salinity of the
surface water above the middle Okinawa Trough during the past
37 kyr. Palaecogeogr Palaeoclimatol Palacoecol 281(1-2):154—
164. https://doi.org/10.1016/j.palaco.2009.08.002

Zhang H, Griffiths ML, Chiang JCH, Kong W, Wu S, Atwood A,
Huang J, Cheng H, Ning Y, Xie S (2018) East Asian hydroclimate

@ Springer

modulated by the position of the westerlies during Termination
I. Science 362(6414):580-583. https://doi.org/10.1126/science.
aat9393

Zhang P, Cheng H, Edwards RL, Chen F, Wang Y, Yang X, Liu J,
Tan M, Wang X, Liu J, An C, Dai Z, Zhou J, Zhang D, Jia J,
Jin L, Johnson KR (2008) A test of climate, sun, and culture
relationships from an 1810-year Chinese cave record. Science
322(5903):940-942. https://doi.org/10.1126/science. 1163965

Zhao M, Huang CY, Wei KY (2005) A 28,000 year UX’,; sea-surface
temperature record of ODP Site 1202B, the southern Okinawa
Trough. Terr Atmos Ocean Sci 16(1):45-56. https://doi.org/10.
3319/TA0.2005.16.1.45(0T)

ZhaoJ, LiJ, Cai F, Wei H, Hu B, Dou Y, Wang L, Xiang R, Cheng H,
Dong L, Zhang CL (2015) Sea surface temperature variation dur-
ing the last deglaciation in the southern Okinawa Trough: modu-
lation of high latitude teleconnections and the Kuroshio Current.
Prog Oceanogr 138(Part A):238-248. https://doi.org/10.1016/j.
pocean.2015.06.008

Zheng X, Li A, Kao S, Gong X, Frank M, Kuhn G, Cai W, Yan H, Wan
S, Zhang H, Jiang F, Hathorne E, Chen Z, Hu B (2016) Synchro-
nicity of Kuroshio Current and climate system variability since
the Last Glacial Maximum. Earth Planet Sci Lett 452:247-257.
https://doi.org/10.1016/j.epsl.2016.07.028

Zhong W, Xue J, Ouyang J, Cao J, Peng Z (2014) Evidence of late
Holocene climate variability in the western Nanling Mountains
South China. J Paleolimnol 52(1-2):1-10. https://doi.org/10.1007/
$10933-014-9774-6

Zhou H, Li T, Jia G, Zhu Z, Chi B, Cao Q, Sun R, Pa P (2007) Sea sur-
face temperature reconstruction for the middle Okinawa Trough
during the last glacial-interglacial cycle using C;; unsaturated
alkenones. Palaeogeogr Palaeoclimatol Palacoecol 246(2—4):440—
453. https://doi.org/10.1016/j.palaco.2006.10.011

Zhu Z, Feinberg JM, Xie S, Bourne MD, Huang C, Hu C, Cheng H
(2017) Holocene ENSO-related cyclic storms recorded by mag-
netic minerals in speleothems of central China. Proc Natl Acad Sci
USA 114(5):852-857. https://doi.org/10.1073/pnas.1610930114

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1007/s10933-013-9679-9
https://doi.org/10.1016/j.jseaes.2015.03.037
https://doi.org/10.1016/j.jseaes.2015.03.037
https://doi.org/10.3319/tao.2005.16.1.1(ot)
https://doi.org/10.3319/tao.2005.16.1.1(ot)
https://doi.org/10.1029/2012GL052749
https://doi.org/10.1029/2012GL052749
https://doi.org/10.1016/j.jseaes.2017.01.004
https://doi.org/10.1073/pnas.1300025110
https://doi.org/10.1073/pnas.1300025110
https://doi.org/10.1016/j.palaeo.2017.10.034
https://doi.org/10.1016/j.margeo.2013.12.004
https://doi.org/10.1016/j.margeo.2013.12.004
https://doi.org/10.1016/j.palaeo.2009.08.002
https://doi.org/10.1126/science.aat9393
https://doi.org/10.1126/science.aat9393
https://doi.org/10.1126/science.1163965
https://doi.org/10.3319/TAO.2005.16.1.45(OT)
https://doi.org/10.3319/TAO.2005.16.1.45(OT)
https://doi.org/10.1016/j.pocean.2015.06.008
https://doi.org/10.1016/j.pocean.2015.06.008
https://doi.org/10.1016/j.epsl.2016.07.028
https://doi.org/10.1007/s10933-014-9774-6
https://doi.org/10.1007/s10933-014-9774-6
https://doi.org/10.1016/j.palaeo.2006.10.011
https://doi.org/10.1073/pnas.1610930114

	Low-latitude control on sea surface temperatures in the middle Okinawa Trough over the last 3.6 kyr
	Abstract
	Introduction
	Oceanographic setting
	Materials and methods
	Results
	Age model
	UK′37-derived temperatures in core OKI-152

	Discussion
	SST evolution and low-latitude climatic forcing
	Monsoon and rainfall influence on temporal- and spatial-scale variations in SST

	Conclusions
	Acknowledgements 
	References


