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ABSTRACT: The last interglacial contains information about how
climate behaves during a warm period comparable to the current interval.
However, there is no consensus on the key signatures and force of the last
interglacial climate changes at present. Here we present a high-resolution
stalagmite oxygen isotope record from central China, which spans from
123.3 to 116.8 ka. The stalagmite &80 time-series bears a resemblance to
changes in Northern Hemisphere summer insolation during the Holocene
epoch before the demise of the last interglacial. Superimposed on the

long-term &80 record is a pronounced shift to more positive values at
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around 121.6 ka, indicating a switch of the Asian monsoon mean state
into a weaker condition. This monsoon shift correlates with a decrease in
the mean state of the South American Summer Monsoon, and a
well-known abrupt mid-Eemian cooling event at high latitudes. These
correlations indicate broad-scale features of the climate shift over the
warm last interglacial. Another positive §'0 shift of up to 3.5 %o
occurred at around 120 ka, representing the demise of the last interglacial
Asian monsoon. By comparing the stalagmite 5'®0 records against
changes in ice volume and summer insolation during the last interglacial
and recent Holocene, respectively, we conclude that the decreasing
Northern Hemisphere summer insolation dominated the rapid demise

(termination? weakening?) of the last interglacial Asian monsoon.

Keywords: insolation forcing; Asian monsoon; stalagmite; Eemian;

paleoclimatology

1. Introduction

The last interglacial (LIG) has been a focus of long-term research (e.g.,
Dansgaard et al., 1993; McManus et al., 1994; Otto-Bliesner et al., 2013),
because it contains invaluable information about how the climate behaved
during a period similar to the present day. The LIG (130-116 ka) is the
most recent interglacial prior to the Holocene, our present interglacial.

The LIG is also known as the Eemian in Europe, roughly coeval with
2
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Marine Isotope Stage 5e (MIS 5e; Shackleton et al., 2003; Otvos, 2015).
Global mean annual temperatures during the LIG were higher than or
similar to those of present day (Turney et al., 2010; McKay et al., 2011;
Hoffman et al., 2017), and the mean sea level was about 6-9 m higher

than today (Kopp et al., 2009; Dutton et al., 2015).

A number of studies have paid attention to the climate stability
during the LIG (e.g., Dansgaard et al., 1993; Mcmanus et al., 1994;
Adkins et al., 1997; Galaasen et al., 2014). Abundant evidence points to
instabilities (e.g., Oppo et al., 2006; Helmens et al., 2015), for example,
the abrupt mid-Eemian cooling event at around 122-120 ka (Karabanov et
al., 2000 and references therein; Bauch et al., 2011; Helmens et al., 2015).
This event occurred abruptly and lasted about 0.5-1 ka (Helmens et al.,
2015). It intersected (interrupted?) with the peak Eemian warmth in the
North Atlantic realm (Bauch et al., 2011; Helmens et al., 2015) and the
Siberia region (Karabanov et al., 2000). At lower latitudes, such as in
middle and southern Europe, high-resolution stalagmite records have
depicted (reconstructed?) the detailed climate history of the LIG
(Demény et al., 2017). However, these records showed incoherent
long-term climatic trends and centennial-scale variations, leading to
recognition and correlation of the mid-Eemian cooling event ambiguous
(challenging?). This situation stimulates (encourages?) us to study further

whether the mid-Eemian cooling event is only limited to the higher
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latitudes (Karabanov et al., 2000; Bauch et al., 2011; Helmens et al.,

2015).
Asian monsoon (AM) is dynamically linked to climate at high

latitudes. Stalagmite records have shown a good correlation with the
centennial-scale Bond events at high latitudes over the Holocene epoch
(e.g., Wang et al., 2005; Cheng et al., 2009a; Liu et al, 2013). During the
LIG, some stalagmite records also revealed frequent climate oscillations
on the centennial scale (Kelly et al., 2006; Cai et al., 2010; Jo et al., 2011),
with an amplitude similar to that during the Holocene (Kelly et al., 2006).
However, it is unknown about their teleconnection with the North
Atlantic climate. Therefore, new high-resolution cave records are needed
to further examine the linkage of the AM change to typical climate events
at higher latitudes, especially during the mid-Eemian cooling event.
Changes in Northern Hemisphere Summer insolation (NHSI) have
been considered to initiate the onset and end of the LIG (Berger and
Loutre, 1991; Imbrie J, et al., 1992, Jiang et al., 2017), through a series of
feedbacks (CAPE-Last Interglacial Project Members et al., 2006). Much
effort has been devoted to study the onset of the LIG (Cheng et al., 2009b;
2016), but less attention has been paid to its termination. Investigating the
termination of the LIG helps comprehensively understand the relative
importance of the NHSI and ice volume in the global climate system. In

the AM region, stalagmite records consistently dated the rapid end of the
4
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LIG at about 120 ka, coinciding with the gradual decreasing NHSI (Yuan
et al., 2004; Kelly et al., 2006; Cai et al., 2010; Jo et al., 2011, Jiang et al.,
2017). In contrast to the abrupt end of the LIG, stalagmite records over
the Holocene show a gradual monsoon decreasing after the Holocene
optimum, strictly following the gradual NHSI decreasing (Wang et al.,
2005; Dong et al., 2010). Thus, a role of the NHSI in the abrupt
termination of the LIG AM needs further inrvestigatiensstudies.

This paper represents a stalagmite oxygen isotope record from the
Yongxing Cave, central China. Previously reported stalagmite records
from this cave showed a larger 330 amplitude and a strong similarity to
the Hulu and NHSI records (Chen et al., 2016). These 50 features
indicated a sensitive response to regional climate changes. This study
concentrates on a climate shift within the LIG and on causes for rapid

demise of the LIG.

2. Materials and Methods

Stalagmite Y X266 was obtained from the Yongxing Cave (31°35'N,
111°14’E; 1400 m a.s.l; Fig. 1), about 75 km east of Sanbao Cave (Wang
et al., 2008; Cheng et al., 2009b; 2016), near the southern edge of the
Chinese Loess Plateau, central China. The sampling site is approximately

105 m behind (from? below?) the entrance of the Yongxing Cave, where

temperature and relative humidity are constant (?) at about 14.3 °C and
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100%, respectively. Stalagmite Y X266 is 283 mm long and 40-60 mm
wide, and was already damaged at the time of collection. The speleothem
consists of compact calcite (Fig. 2).

For U-Th dating, six subsamples of 50-150 mg were extracted using a
0.9-mm-diameter carbide dental drill. The procedures used for U/Th
chemical separation and isotopic measurements are detailed in Shao et al.
(2017). The carbonate samples were weighed and dissolved in 7N HNO3
in a Teflon beaker containing a known quantity of a 22°Th-233U-2%U triple
spike. U and Th were preconcentrated by coprecipitation with iron
hydroxide and then separated from each other and from other cations by
passing the sample solution through a U-TEVA resin column. The U/Th
fractions were then dried and diluted in a mixture of 0.1N HNO3; and
0.01IN HF for isotopic analysis on a Neptune MC-ICPMS at Nanjing
Normal University. U was measured statically by 233U, 23U, 2%U and 23U
on Faraday cups and 2%*U simultaneously on a secondary electron
multiplier (SEM). Th was analyzed with 2°Th and 2*Th alternately on
the SEM and 2%2Th on a Faraday cup, if it is > 3 mV (equivalent to 10** Q
amplifier). In the case of 22Th < 3 mV, the 23°Th, ?»Th and®*2Th were
measured on the SEM by peak jumping. The U isotopic ratios of the
HU-1 standard were measured before and after every U and Th isotopic
measurement for samples. Mass fractionation was corrected by

comparing the measured 22U/?*U to the natural value of 137.760 for
6
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HU-1 and 137.818 for unknown samples (Hiess et al., 2012). The SEM to
Faraday cup yield was assessed by the §2%*U measured in the HU-1
standard. Hydride interferences, machine abundance sensitivity and
amplifier gains were evaluated every day prior to sample measurements.
20Th/U ages were calculated using half-lives of 75,584 years and
245,620 years for 22°Th and 23*U, respectively (Cheng et al., 2013). The
20Th/U age uncertainty was estimated by Monte-Carlo simulations
(n=10°). The uranium concentration of Y X266 is 0.5-0.7 ppm, the initial
thorium content 110-450 ppt, and the resulting age uncertainty 0.5-0.7 ka
(Table 1). The dates are in stratigraphic order, with the exception of the
date at the bottom of the stalagmite which is slightly younger. A
depth-age model (Fig. 2) for stalagmite Y X266 was constructed using the
StalAge algorithm (Scholz and Hoffmann, 2011). This algorithm
automatically detects and accounts for the age inversion.

For stable isotope analysis, a total of 283 calcite powders (about 50-80
ug) were drilled at 1 mm increments along the axis of the sample with a
0.5-mm-diameter carbide dental burr. The 520 values were determined at
the Isotope Laboratory of Nanjing Normal University, China, using a
Finnigan-MAT-253 mass spectrometer. NBS 19 (380 = 2.20 %o) was
used as a reference material and the precision of 580 was 0.06%o. The
8180 results are reported in per mil (%o) relative to the Vienna Pee Dee

Belemnite (VPDB) standard.
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3. Results

The chronology indicates that stalagmite Y X266 grew from 123.3 to
116.8 ka (Fig. 3), covering the latter part of the LIG and its transition into
the last glaciation. The §'®0 values of YX266 range from —10.4%o to
—6.2%o, averaging —9.0%o (Fig. 3). The full &0 amplitude of 4.2%o
indicates a glacial to interglacial transition. The whole 30 record
exhibits a long-term increasing trend. A sudden positive isotopic shift of
3.5%0 occurs from 120.0 to 118.6 ka, accounting for 84% of the isotopic
range of the whole record. This large-amplitude shift, also seen in other
stalagmite records in China (Fig.4; Yuan et al., 2004; Kelly et al., 2006;
Wang et al., 2008), denotes the end of the LIG in the AM region. During
the LIG, two phases are identified (Fig. 3). Phase 1, from 123.3 to 121.6
ka, is characterized by §'80 values ranging from —10.4%o to —9.1%o and
averaging —9.7%o; Phase 2, from 121.6 to 119.8 ka, is characterized by
the 580 values ranging from —9.7%0 to —8.5%0 and averaging —9.1%o.
The 380 difference between the two phases is about 0.6%., typical of
centennial-scale variations of the LIG and Holocene in China (Wang et al.,
2005; Kelly et al., 2006).

Isotopic equilibrium during calcite precipitation is a prerequisite in
order to interpret the calcite 80 in terms of climate. Dorale and Liu
(2009) proposed that replication tests are a more rigorous approach to

testing isotopic equilibrium than Hendy tests. The YX266 50 record
8
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shows a broad similarity to previously published records from Dongge
(Yuan et al., 2004; Kelly et al., 2006) and Sanbao (Wang et al., 2008)
caves on suborbital to millennial scales (Fig. 4), suggesting an
equilibrium condition during calcite precipitation. The minor differences
between these records on finer timescales may arise from different
regional climate conditions and local cave environments, such as unique
flow routings through the epikarst, different CO, degassing histories in
the cave system (Lachniet, 2009). Overall, kinetic fractionation has little
effect on the YX266 isotopic signal and the 80 change is primarily of

climatic origin.

4. Discussion

4.1 Stalagmite 880 interpretation

The climatic interpretation of stalagmite 320 records inside China
remains a matter of ongoing debate as a result of multiple controls on
calcite 580 values (Fairchild et al., 2006; Lachniet, 2009; Zhao et al.,
2015b). Based on the Rayleigh fractionation theory, it is proposed that the
stalagmite 580 reflects changes in the integrated monsoon precipitation
between water vapor sources and cave sites (Yuan et al., 2004; Cheng et
al., 2016). Therefore, the calcite 3'80 measures the mean monsoon
rainfall or monsoon intensity along the moisture transport pathway. This

interpretation is evidenced by consistent variations in stalagmite 520
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221

records from across many China caves (Yuan et al., 2004; Chen et al.,
2016), paralleling with lake level records (Goldsmith et al., 2017) and
some model studies (Liu et al., 2014). In addition, covariation of the
stalagmite 8'0 with the corresponding annual calcite layer thickness
consolidates the interpretation of the calcite 3'30 change as a proxy of
integrated monsoon rainfall or intensity (Fleitmann et al., 2004; Zhao et
al., 2015a). On the other hand, it is argued that Chinese speleothem 320
changes reflect variations in Indian monsoon-sourced §¥0 values and
Indian monsoon rainfall (Pausata et al., 2011; Baker et al., 2015) or a
mixed signal of the remote Indian monsoon-sourced and local
Pacific-sourced moisture isotope signatures (Maher and Thompson, 2012;
Tan, 2014; Beck et al., 2018). Recently, Orland et al. (2015) found that
the &80 values in Chinese speleothems record a combination of the
regional summer monsoon rainfall and integrated tropical source signals.
Regardlessly, the &80 change inherits the isotopic signature of
precipitation and tracks the large-scale monsoon circulation associated
with global climate system. The validity of the carbonate 380 variability
as a robust palaeoclimatic indicator is supported by its strong correlation
with multiple tracers of global climate and environmental changes. For
instance, a good correlation is exemplified by its striking similarity to
atmospheric *C (Wang et al., 2005; Steinhilber et al., 2012) and CHy

concentrations, Greenland temperature (Wang et al., 2001), §'%0 of
10
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atmospheric O, (Wang et al., 2008) and solar insolation (Cheng et al.,

2009Db; 2016).

4.2 Correlations between AM and NHSI

The increasing trend of the YX266 880 record is in parallel with the
decreasing tendency of the NHSI during the LIG period (Fig. 4). This
correspondence suggests that solar forcing should play an important role
during the LIG, similar to the condition over the Holocene epoch (Wang
et al., 2005).

The solar modulation helps shed light on the debate on AM intensity
during the LIG (Rao et al., 2015). The AM intensity was estimated to be
unprecedentedly strong in magnetic susceptibility records of Chinese
loess (Sun et al., 2006). However, the intensity was inferred to be weaker
in the cave records. The Dongge and Sanbao cave records show that the
monsoon strength over the LIG is commensurate with that during marine
isotope stage (MIS) 5c and 5a (Yuan et al., 2004; Wang et al., 2008). At
the Tianmen and Xiaobailong cave sites (Fig.1), however, the AM was
indicated to be slightly stronger than the Dongge and Sanbao cave
records (Cai et al., 2010; 2015). Despite the paralleling trend between the
Y X266 and NHSI records during the latter part of MIS5e, a long-lasting,
not spliced cave record covering the whole MIS5 interval is needed to
check the correlation between the cave and NHSI records.

11
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4.3 Monsoon shifts at the midst of the LIG

YX266 shows a 6180 switch of 0.6%o from lower to higher values at
around 121.6 ka (Fig. 3). This change implies a qualitatively different
evolution of the monsoon system. In contrast to the Y X266 record, the
Dongge and Sanbao §'80 records do not clearly show such a two-phase
picture (Fig. 4). The D3 580 record of Dongge Cave shows a slightly
increasing trend until 122.7 ka and then a negative shift to a stable state
(Fig. 4; Kelly et al., 2006). For the Sanbao records, two stalagmite time
series (no. SB 23 and 41) consistently exhibit stable monsoon behavior
throughout the LIG (Fig. 4; Wang et al., 2008). The difference between
these 380 records on the finer scales may result from discrepancies in
regional climate conditions and local cave environments as mentioned
above.

The intrigue AM switch at about 121.6 ka has counterparts in records
far away from the AM regime. It coincided with the mid-Eemian cooling
event identified in ice core, land and ocean records (NEEM community
members, 2013; Karabanov et al.,, 2000 and references therein).
Greenland temperature maxima occurred immediately after the onset of
the LIG (126 ka), followed by a gradual cooling until the slightly rapid
cooling at about 120 ka (NEEM community members, 2013; Fig. 5A). At
122 ka, a centennial temperature minimum occurred and coincided with

the shift of the monsoon mean state (Fig. 5A). In Europe, a recently
12
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reported stalagmite record displayed a &%C maximum at 122 Kka,
indicating a dry/cold climate (Fig. 5D; Vansteenberge et al., 2016). Based
on biogenic silica and siliceous microfossil abundance records of Lake
Baikal in Siberia, Karabanov et al. (2000) highlighted a close climatic
link between the Asia continent and North Atlantic during the LIG. The
temperature signal in the North Atlantic may be transported by westerly
winds to the AM regime by the acting Siberian High (Porter and An,
1995).

In the Southern Hemisphere, a climate response is found in a
speleothem record from the Peruvian Andes (Burns et al., 2015). This
stalagmite record measures intensity of South American Summer
Monsoon (SASM). At 122.6 ka, a remarkable SASM shift towards the
weaker intensity occurred in synchrony with the AM shift (Fig. 5C),
considering the date uncertainty. Unlike the irreversible decreasing trend
of the AM and SASM after 121.6 ka, Siberia and Europe climate returned
to mild (?) conditions similar to the early-Eemian optimum after the
mid-Eemian cooling (Tzedakis et al., 1994; Karabanov et al., 2000;
Vansteenberge et al., 2016). The consistent shift in the AM and SASM
intensity could not be explained by the bipolar seesaw mechanism
(Broecker, 1998), although some studies have pointed out the existence of
the mechanism based on anti-phased temperature variations between the

two hemispheres during the LIG (NEEM community members, 2013;
13
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Hoffman et al., 2017). If the bipolar seesaw mechanism had operated at
the time of the mid-Eemian cooling event, the AM and SASM would
have changed in the opposite direction. Orbitally driven insolation
changes, together with influences of the reduced temperature at high
latitudes, may push the AM system into a different mode of operation at
about (after?) 121.6 ka. Previous studies indicated that the positive
moisture-advection feedback from the ocean to land could qualitatively
change the development of the monsoon system (Levermann et al., 2009;
Schewe et al., 2012). At 121.6 ka, the decreases in the insolation output
and global temperature probably reduced the monsoonal
moisture-advection feedback to a threshold, and caused the occurrence of

the rapid monsoon shift.

4.4 Rapid demise of the LIG

The substantial and rapid 880 shift of 3.5%o at about 120 ka marks the
end of the LIG AM (Fig. 6C). This isotopic change is supported by the
nearby Dongge and Sanbao cave 580 records (Yuan et al., 2004; Kelly et
al., 2006; Wang et al., 2008; Fig.4), which shows similar timing and
amplitude to our record. Similar climate signature is also indicated in the
stalagmite 380 and 8'3C records in Daeya Cave, South Korea (Jo et al.,
2011). The coherence between the cave records across East Asia
collectively points to a rapid and pronounced decrease (weakening?) in

14
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the AM circulation at the end of the LIG.

This monsoon decline (weakening?) at ~120 ka is correlated with
climate events globally. For example, a stalagmite 'O shift towards
more positive values in Belgium occurred abruptly at 120 Kka
(Vansteenberge et al., 2016; Fig. 6B). This shift indicated changes in
oceanic moisture 3*20 signal associated with an increase in the global ice
volume at the end of the LIG. At the same time, stalagmite 50 records
from Israel and Peru indicated some significant rainfall decrease
(Bar-Matthews et al., 2003; Burns et al., 2015; Fig. 6D and E). All the
high-resolution stalagmite records from China, Belgium, Israel, and Peru
depicted a rapid termination of the LIG at the low and middle latitudes.
By contrast, a gradual termination was registered in the bipolar regions
(high latitudes). Ice core isotope records in Greenland (NEEM
community members, 2013) and Antarctica (Jouzel et al., 2007)
consistently documented a relatively gradual temperature decrease at
approximately 120 ka (Fig. 6A and G). At this time, a decrease in Atlantic
meridional overturning circulation (AMOC) occurred, estimated by the
143N d/**4Nd record from the Bermuda Rise (Bohm et al., 2015; Fig.6F). If
the decrease in AMOC were responsible for the termination of the LIG,
the temperatures in both polar regions would not have changed in the
same direction contradicting the bipolar seesaw mechanism (Broecker,

1998; EPICA Community Members, 2006). The reduction in the

15
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350

monsoon circulation, polar temperature and AMOC at about 120 ka may
represent the complicated response of different components within the
Earth system towards the decreasing NHSI and increasing global ice
volume.

The rapid termination of the LIG in the AM region was possibly
linked, to a large extent, the decreasing NHSI. The AM circulation was
modulated by a combination of NHSI and the North Atlantic climate
(Wang et al., 2001, 2005, 2008; Cheng et al., 2009b, 2016). During the
Holocene optimum (9.5-6.0 ka) and the early Holocene (11.5-9.5 ka), the
AM changed in concert (agreement?) with the Greenland temperature on
the multimillennial scale (Dong et al., 2010; Fig. 7B). However, the two
climate systems began to decouple immediately since the end of the
Holocene maximum humid period (at 6.0 ka), in which the AM closely
followed the decreasing NHSI, while the Greenland temperature tracked
the stabilized global sea level (Dong et al., 2010; Fig. 7B). At 6.0 ka, the
benthic foraminiferal 380 value, representing the global ice volume, was

3.33%o (Lisiecki and Stern, 2016) and the NHSI at 65° N was 458 W/m?

(Berger and Loutre, 1991). Similarly, the AM and Greenland temperature
varied in concert (agreement?) before the rapid termination of the LIG,
after that they began to decouple (Fig. 7A). At ~120 ka, the benthic

foraminiferal 5'80 value was 3.40%o (Lisiecki and Stern, 2016), nearly
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371

identical to the value at 6.0 ka (3.33 %o), but the NHSI at 65° N was 439

W/m? (Berger and Loutre, 1991), much lower than the value at 6.0 ka
(458 W/m?). This comparison indicates that the lower NHSI may be
largely responsible for the rapider termination of the LIG AM. The
influence of the decreasing NHSI on the AM shift may operate through
lowering tropical sea surface temperatures (Tierney et al., 2016), further
lowering land-sea temperature contrasts (Kutzbach et al., 2008), and thus
limiting moisture—advection feedbacks from the ocean to land (Webster et
al., 1998). Response to the decreasing NHSI, the continuously increasing
ice volumes since 120 ka likely contributed to the rapid termination of the
LIG as well (Fig. 7A). This is because large ice sheets in the north can
induce a southward migration of the ITCZ (Chiang and Bitz, 2005;
Broccoli et al., 2006), which can reduce the AM intensity (Fleitmann et

al., 2007; Wang et al., 2017).

5. Conclusions

The LIG represents the most recent interval when the global climate
was remarkably similar to the present, and thus it provides us a
compelling opportunity for understanding climate changes during a warm
period. Here a high-resolution stalagmite record is provided to
characterize the key changes in the AM strength during the LIG. Our

stalagmite 580 record covers a period of 123.3-116.8 ka, the latter part of
17
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the LIG. The 8O record shows a long-term trend in parallel with
Neortherr—Hemisphere—summer—inselation  (NHSI?) changes, with the
negative &0 values corresponding to the higher insolation. A
pronounced shift in the AM mean-state is identified based on changes in
stalagmite 580 at 121.6 ka. The AM shift correlates with abrupt changes
of South American Summer Monsoon. The simultaneous shifts in
monsoon mean-state in both hemispheres indicate a qualitatively different
(??) evolution of the monsoon systems since 121.6 ka. Besides, the shift
of the AM coincides with the mid-Eemian cooling event, extensively
studied (?) at higher latitudes. This correlation points to a teleconnection
between the climate at high latitudes and AM during the LIG. Another
AM shift occurred at 120 ka. This shift has an intensity similar to the
amplitude of glacial-interglacial cycles and is coincided with the
decreasing NHSI. This shift, consolidated by other cave records,
represents the end of the LIG AM. Based on comparisons of stalagmite
records against the NHSI and ice volumes during the LIG and Holocene,
we draw the conclusion that the NHSI change exerted a dominant

influence on the rapid demise of the LIG AM.
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Table and Figure Captions

Table 1 2°Th ages for stalagmite Y X266 in the Yongxing Cave, China

Fig. 1 Map showing locations of the Yongxing Cave and other caves mentioned in the
paper.

Fig. 2 Paragraph of stalagmite Y X266 and its age model. Black dots represent 2°Th
dates. The age model is established using the StalAge algorithm, with the
corresponding 95 %-confidence limits shown in red (Scholz and Hoffmann, 2011).

Fig. 3 Two phases and rapid demise of the last interglacial Asian monsoon. The
horizontal gray lines denote §'80 average values for phase 1 and phase 2, which are
-9.7%o and -9.1%o, respectively. The two phases are bordered by the 580 increase of
0.6%o at 121.6 ka. Another positive 520 shift of 3.5%o denotes the demise of the last
interglacial Asian monsoon.

Fig. 4 Comparison of the YX266 record with summer insolation and other cave
records. The YX266 record closely tracks the Northern Hemisphere summer
insolation, with the stronger monsoon corresponding to the higher summer insolation
during the LIG (Berger and Loutre, 1991). The Dongge (Kelly et al., 2006) and
Sanbao (Wang et al., 2008) records show a generally stable monsoon during the LIG.
Dates with errors are indicated with color-coded error bars for each record.

Fig. 5 Correlations of the abrupt monsoon shift with other climate changes. (A)
Greenland temperature (NEEM community members, 2013); (B) Asian monsoon (this
study); (C) South American Summer Monsoon (Burns et al., 2015). The stalagmite
record was shifted toward younger ages by 1 ka for visual comparison; (D) Continent
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climate in northwestern Europe (Vansteenberge et al., 2016). The temperature
minimum over Greenland occurred in concert with the abrupt shifts of the Asian
monsoon and the South American Summer Monsoon, and with the dry/cold maximum
in northwestern Europe. The vertical dashed line indicates the correlation between
these climate changes.

Fig. 6 Rapid positive shift in the YX266 §'®0 record at 120 ka compared to other
paleoclimate records. (A) Greenland temperature change (NEEM community
members, 2013); (B) Stalagmite Han-9 580 record from Belgium (Vansteenberge et
al., 2016); (C) Stalagmite YX266 580 record in China (this study); (D) Stalagmite
P10-H1 &80 record in Peru (Burns et al., 2015); (E) Soreq cave §'80 record in Israel
(Bar-Matthews et al., 2003); (F) Marine sediment **Nd/***Nd ratio (expressed as end)
record in Bermuda Rise (Bohm et al., 2015); (G) Antarctic ice core EDC §'80 record
(Jouzel et al., 2007) plotted on the AICC2012 timescale (Bazin et al., 2013). The
vertical bar indicates the rapid demise of the last interglacial Asian monsoon at about
120 ka.

Fig.7 Comparison of stalagmite 8'80 records to insolation and ice volume data during
the last interglacial and Holocene. Panel A and B represent conditions during the last
interglacial and Holocene, respectively. Orange lines represent stalagmite records: the
Y X266 record (this study) and Sanbao cave record in the Holocene (Dong et al.,
2010). Black lines indicate Greenland temperature changes. The Holocene record is
from ice core NGRIP (Anderson et al., 2006); the record for the last interglacial is
from ice core NEEM (NEEM community members, 2013). Green lines denote benthic
foraminiferal 8*®0 records (Lisiecki and Stern, 2016). Purple curves are 21 July
insolation summer insolation at 65°N (Berger and Loutre, 1991). Vertical bars mark
the decoupling between the Asian monsoon and Greenland temperature changes.
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